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1.0 END USER LICENSE AGREEMENT

1.1 General

This End-User License Agreement ("EULA") is a legal agreement between Don Structural Ltd. (‘“AUTHOR”) and you, the
user of the licensed software (“SOFTWARE”) that accompanies this EULA. You agree to be bound by the terms of this EULA
by downloading and/or using the SOFTWARE. If you do not agree to all of the terms of this EULA, please do not download,
install and use this SOFTWARE on your computer.

1.2 License Grant
The SOFTWARE is licensed, not sold, to you by AUTHOR for use only under the terms of this License, and AUTHOR

reserves any rights not expressly granted to you.

1.2.1 License Types

AUTHOR provides the following types of licenses - Evaluation License (Trial Mode) and Single User License.

1.2.2 Evaluation License
The Evaluation License only applies when you obtain a copy of the SOFTWARE for the first time. You may use the
Evaluation (Trial) version of the SOFTWARE for a 14-day evaluation period. After the evaluation period, if you want

to continue to use the SOFTWARE you must purchase the license from AUTHOR.

1.2.3 Single User License

The Single User License only applies after you have purchased the Single User License from AUTHOR.

The Single User License authorizes you to use one copy of the SOFTWARE on a single computer for one year
period starting from the date you obtain the license. After one year, if you want to continue to use the SOFTWARE
you must renew the license by paying an annual maintenance fee. The annual renewal maintenance fee is 40% of

current Single User License price.

1.3 Software Deliverables

The licensed SOFTWARE is delivered as Excel spreadsheets compiled as EXE applications. AUTHOR does not provide
uncompiled or unprotected native Excel files.

You can download all SOFTWARE including user manual in electronic file format from AUTHOR provided website. The
AUTHOR does not provide any hard copy or burned CD for the licensed SOFTWARE.

1.4 Software Upgrading

The Single User License authorizes you to use one copy of the SOFTWARE on a single computer for one year period
starting from the date you obtain the license. During this one year period you can get all available SOFTWARE upgrades
without paying additional maintenance fee. After one year, if you want to continue to use the SOFTWARE, you must renew
the license by paying an annual maintenance fee. The annual renewal maintenance fee is 40% of current Single User
License price. After paying the annual maintenance fee, you can continue to get all available SOFTWARE upgrades free of

charge.
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1.5 No Refund
No refund is given at any time, unless authorized by the AUTHOR under unexpected circumstances.

Please contact the AUTHOR to see if you qualify for a refund.

1.6 Disclaimer of Warranty and Liability

Licensee of this SOFTWARE acknowledges that Don Structural Ltd., CivilBay.com, its employees and affiliates are not and
cannot be responsible for either the accuracy or adequacy of the output produced by the licensed SOFTWARE. Furthermore,
Don Structural Ltd., CivilBay.com, its employees and affiliates neither make any warranty expressed nor implied with respect
to the correctness of the output prepared by the licensed SOFTWARE. Although Don Structural Ltd. and CivilBay.com have
endeavored to produce the licensed SOFTWARE error free the SOFTWARE are not and cannot be certified infallible. The
final and only responsibility for analysis, design and engineering documents is the licensees. Accordingly, Don Structural Ltd.,
CivilBay.com, its employees and affiliates disclaim all responsibility in contract, negligence or other tort for any analysis,
design or engineering documents prepared in connection with the use of the licensed SOFTWARE.

This disclaimer of warranty constitutes an essential part of this License.

Copyright 2010-2013, Don Structural Ltd. and CivilBay.com. All rights reserved
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2.0 QUICK START

2.1 Software Installation

=  After downloading the ZIP file the user can unzip the file and save it to user’'s computer.
=  The extracted files are in 6 folders for the version of different codes as shown in the folder name. Each folder contains

compiled Excel files in EXE format.

. Disky01 Conc Anchoragel 3z bit

Marme Size | Type
01 ACT 318-11 File Folder
)02 ACI 318-08 File Falder
103 ACT 318M-11 File Falder
|04 ACT 318M-03 File Falder
[0s T4 823,304 File Folder
(106 ACT 349-06 Shear Key File Folder

= User can go to the folder and double click on the EXE file and open it just as normal Excel file.

01 ACT 318-11

[ame
¥ —01-01 Headed Anchor Balt AC1 315-11.exe
~g01-02 Headed ‘Welded Stud &CI 515-11.exe
o ~§01-03 Base Plate (LRFD & Anchar Balk (ACT 318-11) Design Wikth Anchor Reinft - PIN.exe

—p01-04 Base Plate (LRFD & Anchor Bolk (ACT 318-11) Design Mo Anchar Reinft - PIN.exe
—301-05 Base Plake {LRFDY & Anchor Bolk (ACT 318-11) Design With Anchor Reinft - MC,exe
3 01-06 Base Plate (LRFDY & anchor Balt (&CT 3158-11) Design Mo Anchar Reinft - MC,exe

=  The 15-day trial will start the same date when user tries any of these compiled Excel files.

= During trial period the software provides full functions except that the user can not save the file, but the user can print
the file to printer and get a hard copy of the calculation for verification.

=  The trial period will expire after 15 days. Any time during or after trial period the user can go to www.civilbay.com to
purchase a license.
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= After placing the order, the user shall send his/her Computer ID to author for licensing. The user can get his/her

Computer ID by clicking on Copy Computer ID button on the pop-up dialog box.

Yaur trial license is gaing ko expire in 15 days on 292013 ~

Please go to htkpef s, civilbayw, comjregister. htm ko purchase the license.

Thank you For vour using of CivilBay spreadshests.,

Dongxiao Wu P, Eng. (Alberta, Canada)

Don Struckural Led,
Tel: 403-3120568

Wieb 1w, civilbay . com
Ermail: hkbpe: v, civilbay, comiicontact. hkm

Powrerad by Donebx %Cell Compiler

Copy Computer ID Contact Author Close

2.2 Software Licensing

= After receiving user’'s Computer ID, the author will send the user a license key to unlock the trial version.

= The user shall save the license key file at the same folder where the compiled Excel files locate.

=  The user can copy, save and rename any of the compiled Excel files and use them same as the normal Excel files.

=  All the compiled Excel files will fully function as long as they can find the license key in the same folder.

= The license key is created using the Computer ID sent by the user and it only works on that computer where the

Computer ID is retrieved from.
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2.3 Concrete Anchorage Design v1.5.0 Modules

= 01 ACI 318-11 Folder

. Disky01 Conc Anchoragel 3z bit0l ACT 318-11
Marmne

g 01-01 Headed &nchor Bolk ACT 318-11.exe
9 01-02 Headed Welded Stud &CT 318-11 . exe

-§01-03 Base Plate (LRFD) & Anchor Bolk (4CT 318-11) Design With Anchor Reinft - PIN, exe
3 01-04 Base Plake (LRFD) & Snchor Bolt (8CT 315-11) Design No Anchar Reinft - PIN, exe
~g01-05 Base Plate (LRFD) & Anchor Bolt (ACT 516-11) Design With &nchor Reinft - MC.exe
g 01-06 Base Plate (LRFD) & Anchor Bolt (ACT 518-11) Design Mo Anchor Reinft - MC.exe

01-01 Headed Anchor Bolt ACI 318-11.exe
Headed anchor bolt design using ACI 318-11 code
This workbook contains 7 worksheets

Program Description BpiEE Lege |
This is a spreadsheet written to design Headed Anchor Bolt anchorage to concrete using ACI 318-11 code.

This workbook contains 7 worksheets, described as followings:

1. Doc This worksheet.

2. Anchor Bolt TS Reinft Group anchor bolt under tension + shear using anchor reinft to resist breakout

3. Anchor Bolt TSM Reinft Group anchor bolt under tension + shear + moment using anchor reinft to resist breakout

4. Anchor Bolt TS Conc Group anchor bolt under tension + shear using concrete to resist breakout

5. Anchor Bolt TSM Conc Group anchor bolt under tension + shear + moment using concrete to resist breakout

6. Anchor Bolt Single Reinft Single anchor bolt under tension + shear using anchor reinft to resist breakout

7. Anchor Bolt Single Conc Single anchor bolt under tension + shear using concrete to resist breakout
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01-02 Headed Welded Stud ACI 318-11.exe
Headed welded stud design using ACI 318-11 code
This workbook contains 7 worksheets

Program Description Update Logo
—

This is a spreadsheet written to design Headed Anchor Stud anchorage to concrete using ACI 318-11 code.

This workbook contains 7 worksheets, described as followings:

1. Doc This worksheet.

2. Anchor Stud TS Reinft Group anchor stud under tension + shear using anchor reinft to resist breakout

3. Anchor Stud TSM Reinft Group anchor stud under tension + shear + moment using anchor reinft to resist breakout

4. Anchor Stud TS Conc Group anchor stud under tension + shear using concrete to resist breakout

5. Anchor Stud TSM Conc Group anchor stud under tension + shear + moment using concrete to resist breakout

6. Anchor Stud Single Reinft Single anchor stud under tension + shear using anchor reinft to resist breakout

7. Anchor Stud Single Conc Single anchor stud under tension + shear using concrete to resist breakout

01-03 Base Plate (LRFD) & Anchor Bolt (ACI 318-11) Design With Anchor Reinft - PIN.exe
One input to design both base plate and anchor bolt using ACI 318-11 code
In anchor bolt design Anchor Reinforcement is used to replace concrete tension/shear breakout strength.

In base plate design the column base is assumed to be PIN connection and doesn’t have moment.

01-04 Base Plate (LRFD) & Anchor Bolt (ACI 318-11) Design No Anchor Reinft - PIN.exe
One input to design both base plate and anchor bolt using ACI 318-11 code
In anchor bolt design NO Anchor Reinforcement is used.

In base plate design the column base is assumed to be PIN connection and doesn’t have moment.

01-05 Base Plate (LRFD) & Anchor Bolt (ACI 318-11) Design With Anchor Reinft - MC.exe
One input to design both base plate and anchor bolt using ACI 318-11 code
In anchor bolt design Anchor Reinforcement is used to replace concrete tension/shear breakout strength.

In base plate design the column base is assumed to be Moment connection and carries moment.

01-06 Base Plate (LRFD) & Anchor Bolt (ACI 318-11) Design No Anchor Reinft - MC.exe
One input to design both base plate and anchor bolt using ACI 318-11 code
In anchor bolt design NO Anchor Reinforcement is used.

In base plate design the column base is assumed to be Moment connection and carries moment.
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= 02 ACI 318-08 Folder

W0z ACI 318-08

Marne

~§02-01 Headed anchor Bolt ACT 313-03.exe
—§02-02 Headed Welded Stud ACI 315-08.exe
®02-03 Base Plate (LRFD) & &nchar Bolk (ACT 318-058) Design With Anchor Reinft - PIN.exe
§02-04 Base Plate (LRFD) & Anchar Bolk {(&CT 318-08) Design Mo Anchor Reinft - PIN.exe
~02-05 Base Plate (LRFD) & Anchor Bolk (ACT 315-08) Design With &nchar Reinft - MC.exe
@ 02-06 Base Plate (LRFDY & Anchar Balk (ACT 315-08) Design Mo Anchar Reinft - MC.exe

44

b

Same as 01 ACI 318-11 folder but in ACI 318-08 code

= (03 ACI 318M-11 Folder

Mos ACl 318M-11

Mame

#03-01 Headed Anchaor Bolt ACT 318M-11 51 Unit.exe
~p03-02 Headed Welded Stud ACT 318M-11 51 Unit.exe

g

Same as 01 ACI 318-11 folder but in ACI 318M-11 code.

It only contains anchor bolt design spreadsheets and doesn’t contain base plate design spreadsheets.

= (04 ACI 318M-08 Folder

Ti04 ACT 3158M-05

MName

—g04-01 Headed Anchor Bolt 8T 318M-05 SI Unit.exe
~g04-02 Headed Welded Stud &CT 318M-08 SI Urit.exe

b

Same as 01 ACI 318-11 folder but in ACI 318M-08 code.

It only contains anchor bolt design spreadsheets and doesn’t contain base plate design spreadsheets.
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= (05 CSA A23.3-04 Folder

Mos C3A AZ3.3-04

Marme
¥ #05-01 Headed &nchar Bolt €54 A23.5-04.exe
5 05-02 Headed ‘Welded Stud CS4 423.3-04.exe
~g05-03 Base Plate & Anchor Bolk (CS4 A23.3-04) Design With &nchor Reinfk - PIN.exe
#05-04 Base Plate & Anchar Balk (254 A23,3-04) Design Mo Anchor Reinft - PIM, exe
g 05-05 Base Plake & Anchor Bolk (C54 823,3-04) Design With Anchor Reinft - MO, exe

9 05-06 Base Plake & Anchor Balk (C54 423,3-04) Design Mo &nchor Reinft - MC exe

g

Same as 01 ACI 318-11 folder but in CSA A23.3-04 (R2010) code.

= 06 ACI 349-06 Shear Key Folder

Mo6 ACT 349-06 Shear Key

Marme

9 06-01 Shear Key ACT 349-06.8xe
@ 06-02 shear Key ACT 349M-06,exe

g

06-01 Shear Key ACI 349-06.exe
Shear lug design using ACI 349-06 code

06-02 Shear Key ACI 349M-06.exe
Shear lug design using ACI 349M-06 code (metric unit)
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3.0 WHAT'S NEW IN v1.5.0

= ACI 318-11 and ACI 318M-11 code version are added

Dongxiao Wu P. Eng.

=  Seismic design part is completely re-written to allow users to select specific options to meet seismic design

requirements.

=  Min development for hook bar now refers to 12.5.1 and the required length is less. In previous version for both straight

bar and hook bar cases it all referred to 12.2.1.

125| |Anchor Reinft Tensile Breakout Resistance
126 |Mintension development lenath lg = straight bar case not applicable = 0.0 [in] 12.21,1222,12.2.4
127 |forver. #8 har lgp = 180 hook case applicable =153 L [ir] 1252, 125360
128 |Actual development lennath lg = her- ¢ (200 - 8 inxtan3s =124 [in]
129 - £0.5het =120 oK 1221
130 S [ 4
131 =2 i Min development for hook bar now refers to 12.5.1 and the
137 required lendth is less. In previous version far haoth straight
| har and hook bar cases it referred to 12.2.1.

=  For case using vertical rebar to resist concrete tensile breakout, user now can input the average distance between

vertical rebar and anchor rod. In previous version this distance is fixed at 8” or 200mm. Many users complain they can

get a closer distance than 8” or 200mm and cannot take advantage of that. Now users have the option to input the

distance instead of a fixed value.

within .50 from the outmost anchor's centerline.

Avg ver. bar center to anchar rod center distance —’ dy = B.0
Mo ofver. rebar that are effective for resisting anchor tension n, =8
ver. bhar size Mo, | g 'I 1.000 in]dia =single hararea A, = 0.79
ver. bar top anchorage aption =| 180 Degree Hook or Hairpin _'_] ‘?‘

ver. bar to anchor rod cfc dist

To be cansidered effective for resisting anchor shear, hor. reinft shall he located

To he considered effective for resisting anchor tension, vertical reinfarcing bars shall he located RDOL5.2.9

[im

n

[

For side-face hlowout check use

n
(=]

Mo of bolt along width edge ™

2013-01-25 Rev 1.5.0

within rming 0,60y, 0.3ce ) from the outmost anchor's centerlin. min{0.8c, 0,200 = 1.5 [in

Mo oftie leg  that are effective to resist anchor shear Mlgg = 2 i

Mo oftie layer that are effective to resist anchor shear Pl =| 2 'I ?

Har. tie bar size Mo, | 4 'I 0.500 injdia single hararea A; = 0.20 [iry

Far anchor reintt shear breakout strength cale | 100% hor. tie bars develop Tull vield strencth
suggest

Rebaryield strength - wer. bhar Ty = B0 i [ksi] a1

Reharyield strength - hor. har fyn = GO 3 [ksi] B0

Total no of anchor bolt n=4 i

Mo of bolt carrying tensian ny =2 2

Mo of bolt carrying shear My = sk i

-

dr - avn ver. bar center to anchor rod center distance

The program will use this distance to calculate the ver,
har's development length |3 on page 3 of this calculation.

It's suggested to input ming 0.5xhe:, 8" ) here and only
considerver. hars locating within max of 8" distance range
from anchor rods to be effective to resist concrete

hreakout.
Awqg ver, bar center

to anchor rod

center distance

= £0.5 hﬁf
o 8in
2 B
S| =2
* :
35
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184 |Anchor Reinft Tensile Breakout Resistance

185| |Mintension development lengtr ly = straight bar case not applicable = 0.00 [in 122112221224

185 |forver. #3 har lgn = 180 hook case applicakble = 15.34 ‘[in] 1282, 12583

187! [Actual development lennath lg = hag- € (2 in) - dg % tan3s = 14880 ‘[in]

188 A = 8.0 OK 1251

a3

190 ; _ 3 aof 7
- <0.5hat ser nowe can input the Code Reference

191 ~ m —— distance instead of a fixed

192 & value of 8" or 200mm

183

194 | _

=  For concrete shear breakout resistance check, in previous version the program only checked perpendicular to edge
case. In the new version check on parallel to edge case as per ACI 318-08 D.6.2.1 (c), or A23.3-04 (R2010) D.7.2.1 (c)
is added. User can refer to page 7 and 8 of calculation for the new added check.

108

109 |Shear

110/ |Anchor Rod Shear Resistance ratio = 0.34 OK
111/ 1Sonc. Shear Breakout Resistance - Perpendicular To Edge ratio = 0.45 OK
112| |Sonc. Shear Breakout Resistance - Parallel To Edge ratio = 0.14 OK
113 |Sonc. Pryout Shear Resistance f ratio = 0.14 OK
114

= Bug fixed

In concrete tensile breakout resistance check, the Axc calculation in previous version didn’t take advantage of enlarged
edge distance when sy, < s4. In the new version, when only part of anchor bolts mobilize tensile force under moment, the

Anc calculation will re-calculate the bolt edge distance starting from the anchor bolts mobilizing tensile force to calculate
Anc.

162 |Conc. Tensile Breakout Resistance

1B3 Ny, = Edi\f'r?hlf ifh,<11 arh,>28 =1702 [kips] D52.2(D-7)
164 16441 27 if115h, <29 D23 28
165

16R| |Projected conc failure area 1.8h = = 32.41% [in]

167 Ppe = [Bprminicy,1.8hg+minics .50 = 17204 [ini']

168 [ga+mminics, 1. 8h.g+minic,,1.5h0.4] f

1RG B =rahd = 42201 [in]  D.5.2.1(D-B)
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= Add two worksheets specifically for single anchor bolt/stud design with anchor reinforcement and without anchor

reinforcement

i
g Program Description Update Logo
10 | [This is a spreadsheet written to desion Headed Anchor Bolt anchorage to concrete using AC| 3158-08 code.
11 | |Thiswarkbook containg ¥ warksheets, described as followings:
12 | (1. Doc This worksheet.
13
14 | |2. Anchor Bolt TS Reinft Group anchaor bolt under tension + shear using anchaor reinft to resist breakout
15
16 | [3. Anchor Bolt TSM Reintt Group anchor bolt under tension + shear + moment using anchor reintt to resist breakout
17
18 | |4. Anchor Bolt TS Conc Group anchaor bolt under tension + shear using concrete to resist breakout
18
20| |5. Anchor Bolt TSH Conc Group anchor bolt under tension + shear + moment using concrete to resist breakout
21
27 | |6, Anchor Bolt Single Reintt Sinale anchar balt under tension + shear using anchor reinft to resist breakoot
23
24 | |7, Anchor Bolt Single Conc Single anchar holt under tension + shear using concrete to resist breakout
25
two newly added warksheets
Jh| How to Use for single bolt caze design
27 | 1. User can replace logo imade and top-right corner to get it updated in otherwaorksheets.

= For ACI 318-08, ACI 318M-08 and CSA A23.3-04 version worksheets, when using anchor reinforcement to resist
concrete tensile and shear breakout, the seismic 0.75 reduction factor has been taken out from vertical and horizontal

anchor reinforcement breakout resistance strength calculation
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Seismic 0.75 reduction factor is removed from vertical anchor reinforcement breakout resistance strength calculation

133 j: _1
134

135 ole3
136

1iEl

138 J
139 ACE 3508
140 Plin = the 3 e 2 My 30 A (3 M 1y 115 = g 1798 [kips] 1224
141| |Seismic design strength reduction = %075 applicable 1348 [kips] D.3.3.3

142 ratio = 0.14% = M, oK
=0

144 075 seismic reduction for anchor
145 reinforcement is taken out Code Refere
14F| |Anchor Pullout Resistance ACE 34808

147! |Single bolt pullout resistance Ny = 8 Ao T =372 [kips] D.A.3.4(D-15

[ ' ] ' X F Arma A e 21 L T I o

Seismic 0.75 reduction factor is removed from horizontal anchor reinforcement breakout resistance strength calculation

247

248| |Single tie bar tension resistanc Tr = il XA = 8.0 [Kips]

244

25| |Total tie bar tension resistance Wi = 1.0%xnxTr =720 [Kips]

251| |Seismic design strangth reduction = x0.758 applicadle =640  [kips] D333
957 ratio = ut = Y, oK

253 0.7% seismic reduction for anchor

754/ [Conc. Pryout Shear Resistance reinforcement is taken out

255| |The pryout failure is only critical for short and stiff anchors. [tis reasonable to assume that for general

56| |castin place headed anchors with hey = = 12d;, the pryout failure will not govern
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4.0 SEISMIC DESIGN REQUIREMENTS

4.1 ACI 318-11 and ACI 318M-11 Code

Seismic Design Requirements For Tension - D.3.3.4.3

This input is required

User can ignore this input when seismic SDC < C (D.3.3.1)

when seismic SDC >= C (D.3.3.1) and Tensile E > 0.2U (D.3.3.4.2)

or Tensile E<=0.2U (D.3.3.4.1)

Options to Satisfy Additional
Seismic Requirements

Required Strength

Option 1 D.3.3.4.3(a)

Ductile anchor connection

U=12D+1.0E+1.0L+0.2S
U=0.9D +1.0E

Eq. (9-5)
Eq. (9-7)

When Option 1 is selected, user has to verify the conditions in

Ductile attachment

4.1

" D.3.3.4.3(a) subsections 3~6, as applicable, are met.
* The program will flag OK if D.3.3.4.3(a) subsections 1 & 2 are met
and the ductile anchor steel strength has the highest utilization ratio.
Option 2 D.3.3.4.3(b)

The anchor bolt’s steel attachments, such as steel base plate or
column, will go for ductile yielding before or at the time when the
anchor bolt reaching the tensile load N, user input above.

User may re-input the tensile load N, above to satisfy this option.

Option 3 D.3.3.4.3(c)

Nonyielding attachment

*

*

The anchor bolt’'s non-yielding attachments, such as wood sill plate,
will go for non-ductile failure, such as crushing, before or at the time
when the anchor bolt reaching the tensile load N, user input above.

User may re-input the tensile load N above to satisfy this option.

Option 4 D.3.3.4.3(d)

Overstrength forces

=T (0

*

*

The tensile load N, user input above includes the seismic load E,
with E increased by multiplying overstrength factor Qo
User may re-input the tensile load N, above to satisfy this option.

U=1.2D+ Qo (1.0E)+ 1.0L + 0.2S  Eq. (9-5)
U = 0.9D + Qo(1.0E) Eq. (9-7)

2013-01-25 Rev 1.5.0

Page 15 of 67

Dongxiao Wu P. Eng.




CivilB ay www.civilbay.com

Concrete Anchorage Design v1.5.0 User Manual Dongxiao Wu P. Eng.

Seismic Design Requirements For Shear - D.3.3.5.3

This input is required when seismic SDC >= C (D.3.3.1) and Shear E > 0.2U (D.3.3.5.2)
User can ignore this input when seismic SDC < C (D.3.3.1) or Shear E <=0.2U (D.3.3.5.1)

Options to Satisfy Additional

Seismic Requirements Required Strength

Option 1 D.3.3.5.3(a)

*

i The anchor bolt’s steel attachments, such as steel base plate or
Ductile attachment column, will go for ductile yielding before or at the time when the
anchor bolt reaching the shear load V,, user input above.

__4 * User may re-input the shear load V,, above to satisfy this option.

Option 2 D.3.3.5.3(b)

Nonyielding attachment

o . |

* The anchor bolt’s non-yielding attachments, such as wood sill plate,
will go for non-ductile failure, such as crushing, before or at the time
when the anchor bolt reaching the shear load V, user input above.

*

User may re-input the shear load V,, above to satisfy this option.

*

Option 3 D.3.3.5.3(c) The shear load V,, user input above includes the seismic load E, with
Overstrength forces E increased by multiplying overstrength factor Qo
User may re-input the shear load V,, above to satisfy this option.

*

A QO
U=1.2D+ Qo (1.0E)+1.0L+0.2S Eq. (9-5)
— U = 0.9D + Qo(1.0E) Eq. (9-7)
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4.2 ACI| 318-08 and ACI 318M-08 Code

Seismic Design Requirements For Tension > D.3.3.4 ~D.3.3.6

This input is required when seismic SDC >= C (D.3.3)

User can ignore this input when seismic SDC < C (D.3.3)

Dongxiao Wu P. Eng.

Options to Satisfy Additional

Seismic Requirements Required Strength

Option 1 D.3.34 . . o
Option 1 is satisfied if ¢ Ngz <0.75 ¢ ( Nepg , Npn » Nspg )

Ductile anchor connection
The design steel strength must be the governing
design strength and having the highest utilization

-
ratio. The program will flag NG if Option 1 is selected
and this condition is not met.

Option 2 D.3.35 The anchor bolt’s steel attachments, such as steel

base plate or column, will go for ductile yielding
before or at the time when the anchor bolt reaching
the tensile load N, user input above.

—‘4 :}-4 User may re-input the tensile load N, above to
= satisfy this option.

Ductile attachment

Option 3 D.3.3.6 Non-ductile reduction factor ¢4 will be applied

Non-ductile reduction factor ¢ to the concrete failure modes.

Option 3 is satisfied if N, >N
X (j)nd ~h p ¢nd ¢ n u
J User shall input non-ductile reduction factor ¢4 next
-T line if Option 3 is selected.

2013-01-25 Rev 1.5.0
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Seismic Design Requirements For Shear - D.3.3.4 ~D.3.3.6

This input is required when seismic SDC >= C (D.3.3)

User can ignore this input when seismic SDC < C (D.3.3)

Dongxiao Wu P. Eng.

Options to Satisfy Additional
Seismic Requirements

Required Strength

Option 1 D.3.34

Ductile anchor connection

Option 1 is satisfied if ¢ Vs <0.75 ¢ (Vepg » Vepg )

The design steel strength must be the governing
design strength and having the highest utilization

Ductile attachment

414

-
ratio. The program will flag NG if Option 1 is selected
and this condition is not met.

Option 2 D.3.35 The anchor bolt’s steel attachments, such as steel

base plate or column, will go for ductile yielding
before or at the time when the anchor bolt reaching
the tensile load V, user input above.

User may re-input the tensile load V, above to
satisfy this option.

Option 3 D.3.3.6

Non-ductile reduction factor ¢nq
X d)nd I

.

Non-ductile reduction factor ¢4 will be applied
to the concrete failure modes.

Option 3 is satisfied if ¢ng ¢ V>V,

User shall input non-ductile reduction factor ¢4 next
line if Option 3 is selected.

2013-01-25 Rev 1.5.0
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4.3 CSA A23.3-04 R2010 Code

Seismic Design Requirements For Tension > D.4.3.6 ~D.4.3.8

This input is required

when seismic IgF,S,(0.2) >= 0.35 (D.4.3.3)

User can ignore this input when seismic IgF,S;(0.2) < 0.35 (D.4.3.3)

Dongxiao Wu P. Eng.

Options to Satisfy Additional
Seismic Requirements

Required Strength

Option 1 D.4.3.6

Ductile anchor connection

Option 1 is satisfied if ¢ Ngz <0.75 ¢ ( Nepg , Npn » Nepg )

The design steel strength must be the governing
design strength and having the highest utilization

Ductile attachment

I

-
ratio. The program will flag NG if Option 1 is selected
and this condition is not met.

Option 2 D.4.3.7 The anchor bolt’s steel attachments, such as steel

base plate or column, will go for ductile yielding
before or at the time when the anchor bolt reaching
the tensile load N, user input above.

User may re-input the tensile load N, above to
satisfy this option.

Option 3 D.4.3.8

Non-ductile reduction factor ¢nq

x(j)nd 2h !

Non-ductile reduction factor ¢4 will be applied
to the concrete failure modes.

Option 3 is satisfied if ¢ng & N, > Ny

User shall input non-ductile reduction factor ¢,q next
line if Option 3 is selected.

2013-01-25 Rev 1.5.0
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Seismic Design Requirements For Shear > D.4.3.6 ~D.4.3.8

This input is required

when seismic IgF,S,(0.2) >= 0.35 (D.4.3.3)

User can ignore this input when seismic IgF,S;(0.2) < 0.35 (D.4.3.3)

Dongxiao Wu P. Eng.

Options to Satisfy Additional
Seismic Requirements

Required Strength

Option 1 D.4.3.6

Ductile anchor connection

Option 1 is satisfied if ¢ Vs < 0.75 ¢ ( Vepg , Vepg )

The design steel strength must be the governing
design strength and having the highest utilization

Ductile attachment

I S

-
ratio. The program will flag NG if Option 1 is selected
and this condition is not met.

Option 2 D.4.3.7 The anchor bolt’s steel attachments, such as steel

base plate or column, will go for ductile yielding
before or at the time when the anchor bolt reaching
the tensile load V, user input above.

User may re-input the tensile load V, above to
satisfy this option.

Option 3 D.4.3.8

Non-ductile reduction factor ¢pq

xd)nd o !

Non-ductile reduction factor ¢4 will be applied
to the concrete failure modes.

Option 3 is satisfied if ¢ng ¢ V>V,

User shall input non-ductile reduction factor ¢,q next
line if Option 3 is selected.

2013-01-25 Rev 1.5.0
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5.0 DESIGN EXAMPLES

Example 01: Single Anchor Bolt + No Anchor Reinft + Tension & Shear + ACI 318-11 Code

Ny =2 KIPS
Vv =3 KIPS
[ ]
:L(j R
V=23 KIPS = o
K = - —— - Lo - -

:m L
Nu= 2 kips ( Tension ) V, = 3 kips
Concrete fo'= 4 ksi
Anchor bolt F1554 Grade 36 3/4” dia Hex Head her= 127 ha =15”
No supplementary reinforcement for tension and shear
Cracked concrete
Provide built-up grout pad
Seismic design category >=C Tension - Option 1 Shear - Option 2
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ANCHOR BOLT DESIGN

Anchor bolt design based on

Anchor Bolt Data

Factored tension for design N,
Factored shear V,
Concrete strength '
Anchor bolt material

Anchor tensile strength futa
Anchor bolt diameter d,
Bolt sleeve diameter dg
Bolt sleeve height hs
Anchor bolt embedment depth hes
Concrete thickness h,
Bolt edge distance c, Cq
Bolt edge distance c, Co
Bolt edge distance c3 C3
Bolt edge distance c, Cs

Bolt 1/8" (3mm) corrosion allowance

Supplementary reinforcement
For tension
For shear

Provide built-up grout pad ?

Concrete cracking

Seismic design category SDC >=C
Anchor bolt load E <= 0.2U

Anchor bolt satisfies option

Tensile

Tensile

Combined Tension and Shear

set N, = 0 if it's compression

2.00 [Kips]
300 [kips]
4.0 [ksi]
| F1554 Grade36 |
58 [ksi]

Anchor is ductile steel element

|o.75 ~| [in

2.0 [in]
7.0 [in]
min required

12.0 [in] 9.0

15.0 [in] 15.0

100.0 [in] 4.5

5.0 [in] 4.5

100.0 [in] 4.5

5.0 [in] 4.5

c; > 1.5h; for at least two edges to avoid reducing of hgs when N, > 0

Adjusted hg; for design hes = 12.00 [in] 9.0
Anchor head type = I Hex ;l
Anchor effective cross sect area As. = 0.334 [in?]
Bearing area of head Apg = 0.654  [in?
Abrg [in?] not applicable

INOL?

No = | Condition B

[ Mo ~]
1 =| Condition B

Shear
Shear

ACI 318-11 Building Code Requirements for Structural Concrete and Commentary Appendix D
PIP STE05121 Anchor Bolt Design Guide-2006

8.9
13.3

27.6
400

191

OK
OK

OK
OK
OK
OK
Yes
OK

o]

[kN]
[kN]

[MPa]

[MPa]

[mm]

Option3 »| ?D.3.34.38&D.3353

10f6

Code Abbreviation
ACI 318-11
PIP STE05121

Code Reference

ACI 318-11

D.1

PIP STE05121
Page A -1 Table 1

Page A -1 Table 1

Page A -1 Table 1

ACI 318-11
D.5.2.3
D.5.2.3

D.4.3 (c)
D.6.2.7
D.6.1.3
D.5.2.6, D5.3.6, D.6.2.7

D.3.3.1
? D.3.3.4.1&D.3.3.5.1
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Strength reduction factors

Anchor reinforcement 0s = 0.75

drs = 0.75

dc = 0.70 Cdn-B

Anchor rod - ductile steel

Concrete

Assumptions

1. Concrete is cracked

2. Condition B - no supplementary reinforcement provided
3. Load combinations shall be per ACI 318-11 9.2

4. Tensile load acts through center of bolt group We,n =1.0

5. Shear load acts through center of bolt group W,y =1.0

CONCLUSION

Anchor Rod Embedment, Spacing and Edge Distance

Overall

Tension

Anchor Rod Tensile Resistance
Conc. Tensile Breakout Resistance
Anchor Pullout Resistance

Side Blowout Resistance

Shear

Anchor Rod Shear Resistance

Conc. Shear Breakout Resistance - Perpendicular To Edge
Conc. Shear Breakout Resistance - Parallel To Edge

Conc. Pryout Shear Resistance

Tension Shear Interaction

Tension Shear Interaction
Seismic Design

Tension Applicable
Option 1 is NOT satisfied

Shear Applicable

¢ys = 0.65
¢yc = 0.70
ratio = 0.97
ratio = 0.14

ratio = 0.28

ratio = 0.18

ratio = 0.00

ratio = 0.50

ratio = 0.89
ratio = 0.34
ratio = 0.21
ratio = 0.97

Cdn-B

OK

OK

OK
OK
OK
OK

OK
OK
OK
OK

OK

NG

Seismic SDC>=C and E>0.2U , Option 1 is selected to satisfy additional seismic requirements as per D.3.3.4.3

OK

Seismic SDC>=C and E>0.2U , Option 3 is selected to satisfy additional seismic requirements as per D.3.3.5.3

20f6
Code Reference
ACI 318-11
D.5.29&D.6.2.9
D.4.3 (a)
D.4.3 (c)

D.5.2.6, D5.3.6, D.6.2.7
D.4.3 (c)

D43

D.5.2.4

D.6.2.5

D.3.3.4

D.3.3.5
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CALCULATION Code Reference
ACI 318-11
Anchor Rod Tensile OtsNsa = 0t Asefuta = 14.53 [kips] D.5.1.2(D-2)
Resistance ratio = 0.14 > N, OK
Conc. Tensile Breakout Resistance
N, =24 4 \/r hy® if hy <11" or h, >25" = 6365  [kips] D.5.2.2 (D-6)
16 A +f. h3? if 11"<h, < 25" D.5.2.2(D-7)
Projected conc failure area 1.5hg = = 18.0 [in]
Ane = [min(cq,1.5he)+min(cs,1.5hg)] x = 360.0 [in]
[min(c,,1.5hgg)+min(cy,1.5h)]
Anco = 9 hef =1296.0 [iny  D.5.2.1(D-5)
Ane = min (Ane, 1X Anco ) = 360.0 [in?] D.5.2.1
Min edge distance Cmin = MiN( Cq, Cy, C3, Cy4 ) =50 [in]
Eccentricity effects Ween = 1.0 for no eccentric load D.5.24
Edge effects Wean = min[ (0.7+0.3cpn/1.5h), 1.0 ] =0.78 D.5.2.5
Concrete cracking WY.n = 1.00 for cracked concrete D.5.2.6
Concrete splitting Wen = 1.0 for cast-in anchor D.5.2.7
Concrete breakout resistance dtec Neo = P %‘l’em Wean FYon Poon Np = 9.69 [kips] D.5.2.1 (D-4)
Seismic design strength reduction = x0.75 applicable =727 [kips] D.3.3.4.4
ratio = 0.28 > N, OK
Anchor Pullout Resistance
Single bolt pullout resistance N, = 8 Apg T = 20.93 [kips] D.5.3.4 (D-14)
¢t Non = 0tc PepNp = 14.65 [kips] D.5.3.1 (D-13)
Seismic design strength reduction = x0.75 applicable = 10.99 [kips] D.3.3.4.4
ratio = 0.18 > N, OK
Wep = 1.00 for cracked concrete D.5.3.6
¢ = 0.70 pullout strength is always Condition B D.4.3(c)
Side Blowout Resistance
¢ = min( ¢y, Cy, C3,Cy ) =50 [in]
Check if side blowout applicable hes = 12.0 [in]
< 2.5¢ side bowout is NOT applicable D.5.4.1
SB resistance deNeo = g, (160 (A, ) 2 T, = 0.00 [kips] D.5.4.1 (D-16)
Edge reduction factor = (1+cypl/cy )l 4 =1.00 D.5.4.1
SB resistance after edge reduction = 0.00 [kips]
Seismic design strength reduction = x0.75 applicable = 0.00 [kips] D.3.3.4.4
ratio = 0.00 > N, OK
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Govern Tensile Resistance N; = min( ¢Nga, ®Nep, dNp,, ONgp) =7.27 [kips]
Note: Anchor bolt sleeve portion must be tape wrapped and grouted to resist shear
Anchor Rod Shear dvs Vea = 0 ys 0.6 Agefia = 7.56 [kips]
Resistance
Reduction due to built-up grout pads = x 0.8, applicable = 6.04 [kips]
ratio = 0.50 >V, OK
Conc. Shear Breakout Resistance - Perpendicular To Edge
< <~
&) &)
(&) (@]
e Vu O Vi
O 3|8
Ca C3 Ch C3
Cat !
dc dc
Conc Shear Breakout Conc Shear Breakout
Perpendicular To Edge Parallel To Edge
Bolt edge distance Ca1 = Cy = 100.0 [in]
Limiting c,1 when anchors are influenced by 3 or more edges = Yes
Bolt edge distance - adjusted Ca1 = cal needs to be adjusted = 10.0 [in]
1.5c4 = =15.0 [in]
Aye = [min(cy,1.5¢4) + min(c4,1.5¢4)] x = 150.0 [in?]
min(1.5¢4, h,)
Aveo = 4.5¢,2 = 4500  [in}
Ave = min (Ave, 1 XAve) = 150.0 [in?]
le = min( 8d,, hes) =6.0 [in]
| 0.2
Vir = H;j Jd, } PN = 1838 [kips]
Vb2 = 944/f, cb? = 18.00 [kips]
Vb = m|n( Vb1 1Vb2) = 18.00 [kips]
Eccentricity effects Weev = 1.0 shear acts through center of group
Edge effects Weay = min[ (0.7+0.3c,/1.5¢4), 1.0 ] =0.80
Concrete cracking Y., = concrete is cracked = 1.00
Member thickness Y., = max (sqrt(1.5¢, / h,), 1.0] =1.00
Ay, .
Conc shear breakout dvcVer = Pue A Yoo Yeov You v Vs = 3.36 [kips]
Vco
resistance - perpendicular to edge
ratio = 0.89 >V, OK

4 of 6
Code Reference
ACI 318-11

D.6.1.2 (b) (D-29)

D.6.1.3

D.6.24
D.6.24

D.6.2.1

D.6.2.1 (D-32)
D.6.2.1
D.6.2.2

D.6.2.2 (D-33)

D.6.2.2 (D-34)
D.6.2.2
D.6.2.5
D.6.2.6
D.6.2.7
D.6.2.8

D.6.2.1 (D-31)
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Conc. Shear Breakout Resistance - Parallel To Edge

Bolt edge distance Ca1 = Min(Cy, Cy) =50
Limiting c,4 when anchors are influenced by 3 or more edges = No
Bolt edge distance - adjusted Ca1 = cal needs NOT to be adjusted =5.0
1.5c4 = =75
Aye = [min(c4,1.5¢,1) + min(cs,1.5¢,4)] X = 1125
min(1.5¢,4, hy)
Aveo = 4.5C," = 112.5
Ay = min (Aye, 1XAveo) = 1125
Ie = min( 8da ’ hef) = 6.0
| 0.2
Vo = Hd] \/I} PN = 6.50
Vb2 = 944/f, ¢l = 6.36
Vb = m|n( Vb1 1Vb2) = 6.36
Eccentricity effects Weev = 1.0 shear acts through center of group
Edge effects Weay = =1.00
Concrete cracking Y., = concrete is cracked = 1.00
Member thickness W, = max[ (sqrt(1.5¢c,1 / h,), 1.0] =1.00
AVc
Conc shear breakout dvcVobp = 2X B, A Voo Peav You Pry Vv, =891
Vco
resistance - parallel to edge
ratio = 0.34 >V,
Conc. Pryout Shear Resistance
kep = 2.0
Factored shear pryout resistance ¢y Vo = by ¢ Kep Neng = 19.39
¢,c =0.70 pryout strength is always Condition B
Seismic design strength reduction = x0.75 applicable = 14.54
ratio = 0.21 >V,
Govern Shear Resistance V, = min (¢Vsa, 0Vep, O0Vepp 0Vep ) = 3.36
Tension Shear Interaction
Check if N,>0.2¢ N, and V,>0.2¢ V, Yes
Nu/ ¢ Ny + Vil oV, =117
ratio = 0.97 <12

(in]
(in]
(in]

fin?]

fin?]

[in?]

(in]

(kips]

[kips]
[kips]

[kips]

OK

[kips]
[kips]
OK

[kips]

OK

50f 6
Code Reference
ACI 318-11

D.6.2.4
D.6.2.4

D.6.2.1

D.6.2.1 (D-32)
D.6.2.1

D.6.2.2

D.6.2.2 (D-33)

D.6.2.2 (D-34)
D.6.2.2
D.6.2.5
D.6.2.1 (c)
D.6.2.7
D.6.2.8

D.6.2.1 (D-31)
D.6.2.1(c)

D.6.3.1
D.6.3.1 (D-41)
D.4.3 (c)

D.3.3.4.4

D.7.1&D.7.2
D.7.3 (D-42)
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Seismic Design

Tension Applicable
Steel and concrete-governed 1.2Ng, = 23.25 [Kips]
nominal strength Non = 20.93 [Kips]

Ny / min( Nep, Nog, Nep ) = 0.14

Option 1 is NOT satisfied

Shear Applicable

Nep = 13.85
Ny, = 0.00

N,/ 1.2Ng, = 0.09
< 0.14

Code Reference
NG ACI 318-11

[kips]
[kips]

NG

Seismic SDC>=C and E>0.2U , Option 1 is selected to satisfy additional seismic requirements as per D.3.3.4.3

OK

Seismic SDC>=C and E>0.2U , Option 3 is selected to satisfy additional seismic requirements as per D.3.3.5.3

6 of 6
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Example 02: Group Anchor Bolt + No Anchor Reinft + Tension & Shear + ACI 318-11 Code

NUTZO KIPS

Vu=28KIPS

A

16"
5’
25"
20"

> > -
e
1 1
16"

Nu= 20 kips ( Tension ) Vy = 25 kips

Concrete fo'= 4 ksi

Pedestal size 16" x 16”

Anchor bolt F1554 Grade 36 1.0” dia Hex Head hef = 20” ha =25”

Supplementary Reinforcement

Tension > Yes Shear > ¥, =1.2
Cracked concrete
Provide built-up grout pad

Seismic design category >= C Tension - Option 4 Shear - Option 3
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ANCHOR BOLT DESIGN

Anchor bolt design based on

Anchor Bolt Data

Combined Tension and Shear

ACI 318-11 Building Code Requirements for Structural Concrete and Commentary Appendix D
PIP STE05121 Anchor Bolt Design Guide-2006

set N, = 0 if it's compression

Factored tension for design Ny = 20.00 [Kips] = 89.0 [kN]
Factored shear V, = 25.00 [kips] =111.2 [kN]
Factored shear for design V. = 25.00 [kips] V. =0 if shear key is provided
Concrete strength fo = 4.0 [ksi] = 27.6 [MPa]
Anchor bolt material I F1554 Grade 36 ;“
Anchor tensile strength fua = 58 [ksi] = 400 [MPa]
Anchor is ductile steel element
Anchor bolt diameter d, =| 1 T | [in] =254 [mm]
Bolt sleeve diameter ds = 3.0 [in]
Bolt sleeve height hs = 10.0 [in]
min required
Anchor bolt embedment depth het = 20.0 [in] 12.0 OK
Concrete thickness h, = 25.0 [in] 23.0 OK
Bolt edge distance c4 c, = 5.0 [in] 4.5 OK
Bolt edge distance c, c, =50 [in] 45 OK
Bolt edge distance c; c3 = 5.0 [in] 4.5 OK
Bolt edge distance c, cs = 5.0 [in] 45 OK
c; > 1.5h; for at least two edges to avoid reducing of hgs when N, > 0 No
Adjusted hg; for design hes = 3.33 [in] 12.0 Warn
Outermost bolt line spacing s¢ sy =6.0 [in] 4.0 OK
Outermost bolt line spacing s» s, = 6.0 [in] 4.0 OK
\/ u ‘ N u @ @
- min(ci,1.50ef) | s | min(ca,1.5ner)
[
&
; =
5 S /// S An \g/
— o~ . =
< - E = NZN €
R + e —
Ch l S l Cs 8 %m
T T —
dC Q
L Ci l St i C3 =
T T S
de

10f 10

Code Abbreviation
ACI 318-11
PIP STE05121

Code Reference

ACI 318-11

D.1

PIP STE05121
Page A -1 Table 1

Page A -1 Table 1

Page A -1 Table 1

ACI 318-11
D.5.2.3

D.5.2.3

PIP STE05121
Page A -1 Table 1
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Number of bolt at bolt line 1 ny
Number of bolt at bolt line 2 n,
Number of bolt carrying tension ng

Oversized holes in base plate ?
Number of bolt carrying shear Ng

For side-face blowout check use

No of bolt along width edge Nbw
No of bolt along depth edge Npg
Anchor head type
Anchor effective cross sect area Asge
Bearing area of head Abrg
Aprg

Bolt 1/8" (3mm) corrosion allowance
Provide shear key ?
Supplementary reinforcement

For tension

For shear Yev
Provide built-up grout pad ?
Concrete cracking
Seismic design category SDC >=C
Anchor bolt load E <= 0.2U Tensile
Anchor bolt satisfies option Tensile
Strength reduction factors
Anchor reinforcement s
Anchor rod - ductile steel Ors
Concrete O

Assumptions

1. Concrete is cracked

Ae

J

Yes+| ?

N N -h\-hl\)l\)

Hex

0.606  [in?

1.163  [in}
[in’]

No «| ?

No «=| ?

Yes *| Condition A
1.2 = | Condition A
Yes*| ?

cracked |7

Yes | ?
No - ?
Option 4 ll ?

0.75
0.75
Cdn-A

2. Condition A - supplementary reinforcement provided
3. Load combinations shall be per ACI 318-11 9.2
4. Tensile load acts through center of bolt group W, n =1.0

5. Shear load acts through center of bolt group ¥,y =1.0

=

not applicable

Shear
Shear

¢v,c

No = ?

Option 3 *I ?

0.65
0.75

6. Anchor bolt washer shall be tack welded to base plate for all anchor bolts to transfer shear

20of 10

C1 LSW‘ C3
[\
de

C4 ‘82‘ C2

L
be

Bolt No Input for Side—Face
Blowout Check Use

Code Reference
ACI 318-11

D.4.3 (c)

D.6.2.7

D.6.1.3

D.5.2.6, D5.3.6, D.6.2.7

D.3.3.1
D.3.3.4.1 & D.3.3.5.1
D.3.34.3&D.3.3.5.3

D.5.2.9&D.6.2.9
D.4.3 (a)

Cdn-A D.4.3(c)

D.5.2.6, D5.3.6, D.6.2.7
D.4.3 (c)

D.4.3

D.5.24

D.6.2.5

AISC Design Guide 1

section 3.5.3
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CONCLUSION

Anchor Rod Embedment, Spacing and Edge Distance
Overall

Tension

Anchor Rod Tensile Resistance

Conc. Tensile Breakout Resistance

Anchor Pullout Resistance

Side Blowout Resistance

Shear

Anchor Rod Shear Resistance

Conc. Shear Breakout Resistance - Perpendicular To Edge
Conc. Shear Breakout Resistance - Parallel To Edge

Conc. Pryout Shear Resistance

Tension Shear Interaction

Tension Shear Interaction

Seismic Design

Tension Applicable

Shear Applicable

CALCULATION

Anchor Rod Tensile $tsNsa = 05 N A fita

Resistance ratio = 0.19

Conc. Tensile Breakout Resistance

16 A . h3 if 11"<h, < 25"

Projected conc failure area 1.5hg =
Ane = [s1tmin(cy,1.5hg)+min(cs,1.5hg)]x
[so+min(Cy,1.5hg)+min(cy,1.5h)]
Anco = 9 hef
Ane = min (Ane, Nt Anco )
Min edge distance Cmin = MiNn( ¢4, Cy, C3, C4 )

Eccentricity effects Ween = 1.0 for no eccentric load

ratio

ratio
ratio
ratio

ratio

ratio
ratio
ratio

ratio

ratio

N, =24 24f, hiS if hy <11" or hy > 25"

= 5.04

0.19
1.50
0.26
0.27

0.57
4.55
1.31
1.01

5.04

105.44

=924

5.00
256.0

100.0
256.0
5.0

Warn
NG

OK
NG
OK
OK

OK
NG
NG
NG

NG

OK

Seismic SDC>=C and E>0.2U , Option 4 is selected to satisfy additional seismic requirements as per D.3.3.4.3

OK

Seismic SDC>=C and E>0.2U , Option 3 is selected to satisfy additional seismic requirements as per D.3.3.5.3

[kips]
OK

[kips]

(in]

fin?]

fin?]

[in?]

(in]

30of 10
Code Reference
ACI 318-11

D.3.3.4

D.3.3.5

D.5.1.2 (D-2)

D.5.2.2 (D-6)
D.5.2.2 (D-7)

D.5.2.1 (D-5)
D.5.2.1

D.5.24
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Edge effects

Concrete cracking

Concrete splitting

Concrete breakout resistance

Seismic design strength reduction

Anchor Pullout Resistance

Single bolt pullout resistance

Seismic design strength reduction

Side Blowout Resistance
Failure Along Pedestal Width Edge

along pedestal width edge

Check if side blowout applicable

Check if edge anchors work as a

a group or work individually

Single anchor SB resistance

Multiple anchors SB resistance
work as a group - applicable
work individually - not applicable

Seismic design strength reduction

Failure Along Pedestal Depth Edge

along pedestal depth edge

Check if side blowout applicable

Check if edge anchors work as a

a group or work individually

Single anchor SB resistance

LI'Jed,N
ch,N
l’I'Jcp,N

¢t,c Ncbg

ratio

P
¢ tc an

ratio

c,p

b te

Nbuw
C
hef

S22

(I)t,c Nsb

¢t,chbg,w

ratio

Nbud
C
hef

S14

(I)t,c Nsb

= min[ (0.7+0.3C;/1.5h), 1.0] =1.00

= 1.00 for cracked concrete

= 1.0 for cast-in anchor

= ANc N =

- ¢t.c Twec,N \Ped,N \yc,N \Pcp,N b =17.74
Nco

= x0.75 applicable = 13.30

= 1.50 < N,

= 8 Apyg T’ = 37.22

= ¢ WepNp = 104.20

= x0.75 applicable = 78.15

= 0.26 > N,

=1.00
=0.70

= Ny X Npy / Ny

=min(cy, C3)
= 20.0 [in]
> 2.5¢

= 6.0 [in]
< 6¢

= 4, (160 /A, ) 2 JF,

= (1+s/ 6¢) X ¢t Ngp

= Npy X Orc Ny X [1+(co 0r )/ C] 1 4 =

= x0.75 applicable
=0.27

= Ny X Npg / Ny

= min (Cy Cy4 )
= 20.0 [in]
> 2.5¢

= 6.0 [in]
< 6¢

= 4, (160 /A, ) 2 JF,

for cracked concrete

pullout strength is always Condition B

Tensile load carried by anchors close to edge which may cause side-face blowout

10.00
5.0

side bowout is applicable
s=s, =6.0

edge anchors work as a group

= 40.92

49.11
0.00

I
w
o
®
w

Tensile load carried by anchors close to edge which may cause side-face blowout

10.00
5.0

side bowout is applicable

s=s8; =6.0
edge anchors work as a group
= 40.92

(kips]
[kips]

NG

[kips]
[kips]
[kips]

OK

[kips]

(in]

(in]

(kips]

(kips]

[kips]

[kips]
oK

[kips]
[in]

(in]

[kips]

4 of 10
Code Reference
ACI 318-11
D.5.2.5
D.5.2.6
D.5.2.7

D.5.2.1 (D-4)

D.3.3.4.4

D.5.3.4 (D-14)
D.5.3.1 (D-13)
D.3.3.4.4

D.5.3.6
D.4.3(c)

RD.5.4.2

D.5.4.1

D.5.4.2
D.5.4.1 (D-16)

D.5.4.2 (D-17)

D.5.4.1
D.3.3.4.4

RD.5.4.2

D.5.4.1

D.5.4.2
D.5.4.1 (D-16)
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work as a group - applicable
work individually - not applicable

Seismic design strength reduction

Anchor Rod Shear
Resistance

Reduction due to built-up grout pads

Vu

-

ratio
Group side blowout resistance dt.c Nsbg
Govern Tensile Resistance N,

Multiple anchors SB resistance ¢t,cNspga =

(1+s/ 6¢) X ¢¢c Ngp

Npa X Ot Ngp X [1+(Cq Or c3)/ c]/ 4

x 0.75 applicable
=0.27

. N N
= 4. mm( —bow —:’g'd n,

bw bd

= mln( ¢Nsar ¢Ncbg‘ ¢an‘ ¢Nsbg)

Note: Anchor bolt sleeve portion must be tape wrapped and grouted to resist shear

¢v,s Vsa = ¢ v,S Ng 0.6 Ase futa

ratio

= x 0.8, applicable
= 0.57

Conc. Shear Breakout Resistance - Perpendicular To Edge

Mode 1 Failure cone at front anchors, strength check against 0.5 x V,,

= 49.11
= 0.00
36.83

73.66

13.30

= 54.83

= 43.86
>V,

[kips]
[kips]
[kips]

OK

[kips]

[kips]

(kips]

[kips]
OK

Mode 3 Failure cone at front anchors, strength check against 1.0 x V,, , applicable when oversized holes are used in base plate

mim(ho 1.5¢1)

Bolt edge distance

Bolt edge distance - adjusted

Cq

C1

C2
1.5¢4
Ave

Limiting c,1 when anchors are influenced by 3 or more edges

&)
o
?ﬁf . )
&) AN O
= Vu/f2 Mode 3
‘éﬁ% VU/44\* + Mode 1
S 3 [— &
| A 4
= Vo/4L2 Mode 1
s /2 Mode 3 S
— /
L Cy ‘ Sy ‘ Cs
= \ \
£ de
= =50 [in]
= No
= cal needs NOT to be adjusted =5.0 [in]
= =50 [in]
= =75 [in]
= [min(c,,1.5¢,) + s, + min(cy,1.5¢4)] x = 120.0 [in?]
min(1.5¢4, h,)
= 4.5¢,2 = 1125  [in}
= min (Ave, N1 Avco) =120.0  [in}
= min( 8d, , he ) = 8.0 [in]

5 of 10
Code Reference
ACI 318-11
D.5.4.2 (D-17)
D.5.4.1
D.3.3.4.4

D.6.1.2 (b) (D-29)

D.6.1.3

D.6.24

D.6.24

D.6.2.1

D.6.2.1 (D-32)
D.6.2.1

D.6.2.2
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0.2
o= (] | 750
V2 = 944/f, cb? = 6.36
Vb = m|n( Vb1 1Vb2) = 6.36
Eccentricity effects Weev = 1.0 shear acts through center of group
Edge effects Weay = min[ (0.7+0.3c,/1.5¢4), 1.0 ] = 0.90
Concrete cracking Y., = concrete is cracked =1.20
Member thickness Why = max[ (sqrt(1.5¢c4/ h,), 1.0] =1.00
AVc
Conc shear breakout Voogt = &y T‘Pec,v Yoo You Pov Vo =550
resistance e
Mode 3 is used for checking Vebgr = Vebgt x1.0 = 5.50
Mode 2 Failure cone at back anchors
Vi
3 .
ok N Cal
i” N ~
r 1 (@] \\ O
g / \C/ AN
L(L‘)) / c
- , e . V2
~— /
= / Cs% M /*‘ Vi/2
& O / 3
C S C3 f /
de 2 C1 i S1 i C3
= 7
£ de
Bolt edge distance Ca1 = Cq + Sy =11.0
Limiting c,1 when anchors are influenced by 3 or more edges = No
Bolt edge distance - adjusted Ca1 = cal needs NOT to be adjusted =110
C = 5.0
1.5¢,1 = 16.5
Aye = [min(cy,1.5¢,1) + S5 + min(cy,1.5¢c,1)] X = 264.0
min(1.5¢,4, hy)
Aveo = 4.5, = 544.5
Ay = min (Aye, N2 Ayeo ) = 264.0
le = min( 8d,, he) =8.0
| 0.2
Vyy = de Jd, } /1\/{ iy = 24.48
Vb2 = 944/f, cb? = 20.77
Vb = mln( Vb’l ,ng) = 20.77

(kips]

[kips]
[kips]

[kips]

[kips]

(in]
(in]
[in]
(in]

fin?]

fin?]

[in?]

(in]

[kips]

[kips]
[kips]

6 of 10
Code Reference
ACI 318-11
D.6.2.2 (D-33)

D.6.2.2 (D-34)
D.6.2.2
D.6.2.5
D.6.2.6
D.6.2.7
D.6.2.8

D.6.2.1 (D-31)

ACI 318-11

D.6.24

D.6.24

D.6.2.1

D.6.2.1 (D-32)
D.6.2.1

D.6.2.2

D.6.2.2 (D-33)

D.6.2.2 (D-34)
D.6.2.2
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7 of 10
Code Reference
ACI 318-11
Eccentricity effects Weev = 1.0 shear acts through center of group D.6.2.5
Edge effects Weay = min[ (0.7+0.3c,/1.5¢C,1), 1.0] =0.79 D.6.2.6
Concrete cracking Y., = concrete is cracked =1.20 D.6.2.7
Member thickness Why = max[ (sqrt(1.5¢c,1/ hy) , 1.0 ] =1.00 D.6.2.8
Conc shear breakout Vebgz = & :\i‘{'ec,v Yoo You Pov Vo =717 [kips] D.6.2.1 (D-31)
resistance e
Min shear breakout resistance dv.c Vepg = Min (Vepgt s Vepgz ) =550 [kips]
shear perpendicular to edge
ratio = 4.55 <V NG
Conc. Shear Breakout Resistance - Parallel To Edge
S S S
Vu/4 V/4 Vu/2 Vu/2
-t b — + b= — -  + —
- ¢~ < + A — - Ra <~
YRR/ ! I V/2 Vu/2/7
Ci ‘ S ‘ C3 Ci ‘ S ‘ C3 Ci ‘ S ‘ C3
I I I I I I
MODE 1 MODE 2 MODE 3
Mode 1 Shear taken evenly by all anchor bolts, strength check against 0.5 x V,,
ACI 318-11
Bolt edge distance Ca1 = Min(cy, Cy) =50 [in]
Limiting c,1 when anchors are influenced by 3 or more edges = No D.6.2.4
Bolt edge distance - adjusted Ca1 = cal needs NOT to be adjusted =5.0 [in] D.6.2.4
1.5c,4 = =75 [in]
Aye = [min(cy,1.5¢,1) + s4 + min(cz,1.5¢c,1)] x = 120.0 [in2] D.6.2.1
min(1.5¢c,q, h,)
Avco = 4.5C,? = 1125 [in?] D.6.2.1 (D-32)
Ayve = min (Ave, Npg Aveo ) =120.0 [in?] D.6.2.1
le = min( 8d,, hes) =8.0 [in] D.6.2.2
| 0.2
Vo = Hdej Ja, } PN =750  [kips] D.6.2.2(D-33)
Vba = 944/f, cb? = 6.36 [kips] D.6.2.2 (D-34)
Vp = min( Vpq, Vo) = 6.36 [kips] D.6.2.2
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Eccentricity effects
Edge effects
Concrete cracking

Member thickness

Conc shear breakout

resistance - parallel to edge

Bolt edge distance

Bolt edge distance - adjusted

Eccentricity effects
Edge effects
Concrete cracking

Member thickness

Conc shear breakout

resistance - parallel to edge

Bolt edge distance

Bolt edge distance - adjusted

LI"ec.v
l'I'Jed,v

Lph,v

Vcbg-p1

Ca1

Ca1
1 .5Cy44
AVc

A\/co
AVc

LIJec,v
l'I"'ed,v
Weu
LIJh,v

Vcbg-p2

Ca1

Ca1
1.5¢,1
Ave

= 1.0 shear acts through center of group

= concrete is cracked
= max[ (sqrt(1.5¢c,; / hy), 1.0]

AVc ¥

Vco

=2X 4, Weiv You v Vo

ec,V

Mode 2 Shear taken evenly by back anchor bolts, strength check against 0.5 x V,,

= min(cy , C4)

Limiting c,1 when anchors are influenced by 3 or more edges

= cal needs NOT to be adjusted

= [min((s4+c4,1.5C,41) + min(cs,1.5¢,¢)] X
min(1.5¢c,q, h,)
= 4.5,/

= min (Ave, Npg Aveo )

= min( 8d, , he)

I 0.2
- HJ] ﬁ} Wt el
= 921, ol

= min( Vpy, V2 )

= 1.0 shear acts through center of group

= concrete is cracked
= max[ (sqrt(1.5¢c,; / hy), 1.0]

A\/c ¥

= 2 X ¢V,C A

LI"ed,V \yc,\/ \yh,v Vb

ec,V
Veco

Mode 3 Shear taken evenly by front anchor bolts, strength check against 0.5 x V,,

= min(c, , C4)

Limiting c,1 when anchors are influenced by 3 or more edges

= cal needs NOT to be adjusted

[min(c4,1.5¢c4) + min(sq+c3,1.5¢,1)] X

min(1.5¢c,q, hy)

1.00
1.20
=1.00

12.22

5.0
No
5.0

93.8

112.5
93.8

=7.50

6.36
6.36

1.00
1.20
1.00

=955

=5.0
= No
=50
=75
= 93.8

[kips]

(in]
(in]
[in]

[in?]

[in?]

fin?]

(in]

[kips]

[kips]
[kips]

(kips]

(in]

(in]
(in]

fin?]

8 of 10
Code Reference
ACI 318-11
D.6.2.5
D.6.2.1 (c)
D.6.2.7
D.6.2.8

D.6.2.1 (D-31)
D.6.2.1 (c)

D.6.2.4
D.6.2.4

D.6.2.1

D.6.2.1 (D-32)
D.6.2.1

D.6.2.2

D.6.2.2 (D-33)

D.6.2.2 (D-34)
D.6.2.2
D.6.2.5
D.6.2.1(c)
D.6.2.7
D.6.2.8

D.6.2.1 (D-31)
D.6.2.1(c)

D.6.24
D.6.24

D.6.2.1
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90f 10
Code Reference
ACI 318-11

1125  [in]  D.6.2.1(D-32)

93.8 [n]  D.6.2.1

Avco = 4.5C,?

Ave = min (Aye, Npg Aveo )

le = min(8d,, he) = 8.0 [in] D.6.2.2
I 0.2
Vo1 = {7((;) \/I} /1\/{ cor
Vb2 = 9/“/{ cl?

Vp = min( Vs, Vpo )

7.50 [kips] D.6.2.2 (D-33)

6.36 [kips] D.6.2.2 (D-34)
6.36 [kips] D.6.2.2

Eccentricity effects Weev = 1.0 shear acts through center of group D.6.2.5
Edge effects Weay = = 1.00 D.6.2.1 (c)
Concrete cracking Y., = concrete is cracked =1.20 D.6.2.7
Member thickness Y,y = max[ (sqrt(1.5¢,¢ / hy), 1.0] =1.00 D.6.2.8
Conc shear breakout Vebgps = 2X @, :‘i‘{’wv Yeou You Py Vo, =955 [kips] D.6.2.1 (D-31)
resistance - parallel to edge e D.6.2.1 (c)
Min shear breakout resistance dv.cVebgp = MIN (Vengpt » Vepgpz s Vevgps ) X 2 side = 19.09 [kips]
shear parallel to edge
ratio = 1.31 <V, NG
Conc. Pryout Shear Resistance
kep = 2.0 D.6.3.1
Factored shear pryout resistance  ¢y.c Vepg = dv.c Kep Neng = 33.11 [kips] D.6.3.1 (D-41)
¢yc = 0.70 pryout strength is always Condition B D.4.3(c)
Seismic design strength reduction = x0.75 applicable = 24.83 [kips] D.3.3.4.4
ratio = 1.01 <V, NG
Govern Shear Resistance V, = min (¢Vsa, OVepg: ®Vengpr $Vopg ) = 5.50 [kips]
Tension Shear Interaction
Check if N,>0.2¢ N, and V,>0.2¢ V, Yes D.71&D.7.2
No/ ¢ N, + Vil V, = 6.05 D.7.3 (D-42)
ratio = 5.04 > 1.2 NG
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Seismic Design

Tension Applicable
Steel and concrete-governed 1.2Ng, = 0.00
nominal strength Ny = 0.00

Ny / Min( Neog, Non, Neog ) = 0.00

Shear Applicable

[kips]
[kips]

Not Applicable - Check Option 1 D.3.3.4.3 (a) subsections 1~2

Nepg = 0.00
Nepg = 0.00

N,/ 1.2Ng, = 0.00
> 0.00

OK
[kips]
[kips]

NA

Seismic SDC>=C and E>0.2U , Option 4 is selected to satisfy additional seismic requirements as per D.3.3.4.3

OK

Seismic SDC>=C and E>0.2U , Option 3 is selected to satisfy additional seismic requirements as per D.3.3.5.3

10 of 10
Code Reference
ACI 318-11
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Example 03: Group Anchor Bolt + Anchor Reinft + Tension & Shear + ACI 318-11 Code

NUTZO KIPS

Vu=28KIPS

A

16"
5’
25"
20"

> > -
e
1 1
16"
Nu= 20 kips ( Tension ) Vy = 25 kips
Concrete fo'= 4 ksi Rebar f,=60 ksi
Pedestal size 16" x 16”
Anchor bolt F1554 Grade 36 1.0” dia Hex Head hef = 20” ha =25”
Anchor reinforcement Tension = 2-No 8 ver. bar

Shear > 2-layer, 2-leg No 4 hor. bar
Provide built-up grout pad

Seismic design category >= C Tension - Option 4 Shear - Option 3
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ANCHOR BOLT DESIGN

Assumptions

1. Concrete is cracked

A 0N

© N o O

Anchor Bolt Data

Factored tension for design

Factored shear

Factored shear for design
Concrete strength
Anchor bolt material

Anchor tensile strength

Anchor bolt diameter
Bolt sleeve diameter

Bolt sleeve height

Anchor bolt design based on

Anchor bolt embedment depth
Pedestal height
Pedestal width

Pedestal depth

Combined Tension and Shear

C1 ‘31‘ Cs3

Ver. Reinft For Tension

<

c

- < < Z

o

futa

. Condition A - supplementary reinforcement is provided
. Load combinations shall be per ACI 318-11 9.2

ACI 318-11 Building Code Requirements for Structural Concrete and Commentary Appendix D
PIP STE05121 Anchor Bolt Design Guide-2006

. Anchor reinft strength is used to replace concrete tension / shear breakout strength as per
ACI 318-11 Appendix D clause D.5.2.9 and D.6.2.9

. For tie reinft, only the top most 2 or 3 layers of ties (2" from TOC and 2x3" after) are effective

. Strut-and-Tie model is used to anlyze the shear transfer and to design the required tie reinft

. Anchor reinft used in structures with SDC>=C shall meet requirements specified in D.3.3.7

. Anchor bolt washer shall be tack welded to base plate for all anchor bolts to transfer shear

10of7

Code Abbreviation
ACl 318-11

PIP STE05121

Code Reference

ACI 318-11

D.5.2.6, D5.3.6, D.6.2.7
D.4.3 (c)

D.4.3

D.5.29&D.6.2.9

D.3.3.7
AISC Design Guide 1
section 3.5.3
set N, = 0 if it's compression
20.00 [kips] = 89.0 [kN]
25.00 [kips] =111.2 [kN]
25.00 [kips] V. =0 if shear key is provided
4.0 [ksi] =276 [MPa]
| F1554 Grade3s |
58 [ksi] = 400 [MPa] ACI 318-11
Anchor is ductile steel element DA
I 1 | [in] =254 [mm]  PIP STE05121
3.0 [in] Page A -1 Table 1
10.0 [in]
min required
20.0 [in] 12.0 OK Page A -1 Table 1
25.0 [in] 23.0 OK
16.0 [in]
16.0 [in]
<=min(0.5C1,0.3C2) <=min(0.5C1,0.3C2)
Q\_ﬁ_m . Q\—O_B« .
= o = S
S i I8 R N ol o NS
w o °© ° o ©
S S NP e N
35° Py 2 Y
| SN <R - A | I - E—.  {
C4 [S2) C2 C4 ‘ S2 C2
'be 'be

Hor. Ties For Shear - 4 Legs

Hor. Ties For Shear - 2 Legs
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min required 20of7

Bolt edge distance c4 c, =5.0 [in] 4.5 OK Code Reference
Bolt edge distance c, c; =5.0 [in] 4.5 OK PIP STE05121
Bolt edge distance c3 c; = 5.0 [in] 4.5 OK Page A -1 Table 1
Bolt edge distance c4 cs = 5.0 [in] 4.5 OK
Outermost bolt line spacing s¢ s; = 6.0 [in] 4.0 OK Page A -1 Table 1
Outermost bolt line spacing s> s; =6.0 [in] 4.0 OK
ACI 318-11
To be considered effective for resisting anchor tension, vertical reinforcing bars shall be located RD.5.2.9
within 0.5hgs from the outmost anchor's centerline.
Avg ver. bar center to anchor rod center distance dy = 4.0 [in]
No of ver. rebar that are effective for resisting anchor tension n, =2
Ver. bar size No. I 8 - H= 1.000 [in] dia single bar area A; = 0.79 [inz]
Ver. bar top anchorage option =| 180 Degree Hook or Hairpin ;I ?
To be considered effective for resisting anchor shear, hor. reinft shall be located RD.6.2.9
within min( 0.5¢4, 0.3c, ) from the outmost anchor's centerline min(0.5¢4, 0.3¢cy) = 1.5 [in]
No of tie leg that are effective to resist anchor shear Neg = 2 ?

No of tie layer that are effective to resist anchor shear

|4 vH= 0.500  [in] dia

For anchor reinft shear breakout strength calc I 100% hor. tie bars develop full yield strength

Niay =| 2 =2

single bar area A; = 0.20 [in?]

x|~

Hor. tie bar size No.

suggest

Rebar yield strength - ver. bar fy.v = 60 [ksi] 60
Rebar yield strength - hor. bar fy.n = 60 [ksi] 60
No of bolt carrying tension n =4
No of bolt carrying shear ng =4 5

. ‘r: ‘f Nbd N
For side-face blowout check use ] o ©
No of bolt along width edge Npw = 2 mbW@ ii
No of bolt along depth edge Mg = ©
Anchor head type =| Hex j ? <4 1 >2 1 <2
Anchor effective cross sect area Ase = 0.606 [in2] De
Bearing area of head Awg = 1163 [in’] Bolt No Input for Side—Face

Abrg [in?] not applicable Blowout Check Use

Bolt 1/8" (3mm) corrosion allowance =l No =| ?
Provide shear key ? =l No =| ? ACI 318-11
Provide built-up grout pad ? =| Yesw| ? D.6.1.3
Seismic design category SDC >=C =| Yesw ? D.3.3.1
Anchor bolt load E <= 0.2U Tensile =| No ﬂ ? Shear =| No j ? D.3.3.4.1&D.3.3.5.1
Anchor bolt satisfies option Tensile =| Option 4 "I ? Shear =| Option3 *| ? D.3.3.4.3&D.3.3.5.3
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Strength reduction factors

Anchor reinforcement 0s = 0.75
Anchor rod - ductile steel ¢rs = 0.75
Concrete - condition A ¢c = 0.75

CONCLUSION
Anchor Rod Embedment, Spacing and Edge Distance
Min Rquired Anchor Reinft. Development Length
Overall
Tension
Anchor Rod Tensile Resistance
Anchor Reinft Tensile Breakout Resistance
Anchor Pullout Resistance
Side Blowout Resistance
Shear
Anchor Rod Shear Resistance
Anchor Reinft Shear Breakout Resistance
Strut Bearing Strength
Tie Reinforcement
Conc. Pryout Not Govern When hy >= 12d,
Tension Shear Interaction

Tension Shear Interaction

Seismic Design

Tension Applicable

Shear Applicable

CACULATION

Anchor Rod Tensile $tsNsa = 05 N A fita

0.19

Resistance ratio

Anchor Reinft Tensile Breakout Resistance
Min tension development length lg = straight bar case not applicable
for ver. #8 bar lgn = 180 hook case applicable

Actual development lenngth l, = her- € (21in) - dy x tan35

Seismic SDC>=C and E>0.2U , Option 4 is selected to satisfy additional seismic requirements as per D.3.3.4.3

Seismic SDC>=C and E>0.2U , Option 3 is selected to satisfy additional seismic requirements as per D.3.3.5.3

3of7
Code Reference
ACI 318-11
D.5.29&D.6.2.9
¢ys = 0.65 D.4.3 (a)
dye = 0.75 D.4.3 (c)
OK
ratio = 0.53 OK 12.5.1
ratio = 0.81 OK
ratio = 0.19 OK
ratio = 0.28 OK
ratio = 0.26 OK
ratio = 0.27 OK
ratio = 0.57 OK
ratio = 0.59 OK
ratio = 0.69 OK
OK
ratio = 0.81 OK
OK D.3.34

OK D.3.3.5

= 10544 [kips] D.5.1.2 (D-2)

> N, oK

= 0.00 [in] 12.2.1,12.2.2,12.2.4
=13.28  [in] 12.5.2, 12.5.3(a)

= 1520  [in]

> 8.00 OK 12.5.1
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= <O.5hef
i 8in
©
Pl I
35°
—_—
s Nn
ratio
Anchor Pullout Resistance
Single bolt pullout resistance N,
¢ tc an
Seismic design strength reduction
ratio
Yoo
¢ t,c

Side Blowout Resistance
Failure Along Pedestal Width Edge

Failure Along Pedestal Depth Edge

along pedestal depth edge Npud
c
Check if side blowout applicable het

= s X fyy XNy XA X (Ig /g if 1, < 1g) =71.10

=0.28 > N,

= 8 Ay e = 37.22

= Qe WepNp = 104.20
= x0.75 applicable = 78.15

=0.26 > N,

= 1 for cracked conc

= 0.70 pullout strength is always Condition B

Tensile load carried by anchors close to edge which may cause side-face blowout

along pedestal width edge Npuw = Ny X Npy / 0y = 10.00
¢ =min(cq,C3) =50
Check if side blowout applicable hes = 20.0 [in]
> 2.5¢ side bowout is applicable
Check if edge anchors work as a Sy, = 6.0 [in] s=s, = 6.0
a group or work individually < 6¢c edge anchors work as a group
Single anchor SB resistance ¢t Ngp
Multiple anchors SB resistance Ot cNspgw =
work as a group - applicable
work individually - not applicable
Seismic design strength reduction
ratio

Tensile load carried by anchors close to edge which may cause side-face blowout

= 4. (160c (A, ) 4 JF, = 40.92
= (1+s/ 6¢) X ¢ Ngp = 49.11
= Npy X Grc Ny X [1+(co 0rcy)/ C] /4 = 0.00

= x0.75 applicable = 36.83
=0.27 > Nouw

= Ny X Npg / Ny = 10.00
=min(Cy Cy) =50

= 20.0 [in]

> 2.5¢ side bowout is applicable

(kips]

OK

[kips]
[kips]
[kips]

OK

[kips]
fin]

(in]

[kips]

[kips]

[kips]

[kips]
OK

[kips]
fin]

Code Reference
ACI 318-11

D.3.3.45&D.5.2.9
12.2.5

D.5.3.4 (D-14)
D.5.3.1 (D-13)
D.3.3.4.4

D.5.3.6
D.4.3(c)

RD.5.4.2

D.5.4.1

D.5.4.2
D.5.4.1 (D-16)

D.5.4.2 (D-17)
D.5.4.1
D.3.3.4.4

RD.5.4.2

D.5.4.1

40f 7
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50f 7
Code Reference
ACI 318-11
Check if edge anchors work as a Ss11 = 6.0 [in] s=s; = 6.0 [in]
a group or work individually < 6¢c edge anchors work as a group D.54.2
Single anchor SB resistance dte Nso = e (160c Apg ) Ay = 40.92 [kips] D.5.4.1 (D-16)
Multiple anchors SB resistance ¢t,cNspga =
work as a group - applicable = (1+s/ 6¢) X g Ngp = 49.11 [kips] D.5.4.2 (D-17)
work individually - not applicable = Npg X Ot Ngp X [1+(cq Or c3)/ c]/ 4 = 0.00 [kips] D.5.4.1
Seismic design strength reduction = x0.75 applicable = 36.83 [kips] D.3.3.4.4
ratio = 0.27 > Npud OK
Group side blowout resistance dtc Nsbg = e min[ NnSant , Mn( ] = 73.66 [Kips]
bw bd
Govern Tensile Resistance N; = min (¢ Nga, & Npy, ¢ Npn, ¢ Ngpg ) =71.10 [kips]

Note: Anchor bolt sleeve portion must be tape wrapped and grouted to resist shear

Anchor Rod Shear BusVsa = Oy Ns 0.6 Age g = 5483  [kips] D.6.1.2(b)(D-29)
Resistance
Reduction due to built-up grout pads = x 0.8, applicable = 43.86 [kips] D.6.1.3

ratio = 0.57 >V, OK

Anchor Reinft Shear Breakout Resistance

Strut-and-Tie model is used to anlyze the shear transfer and to design the required tie reinft

STM strength reduction factor ¢ = 0.75 9.3.2.6
dt
Vu/Z \/u/2 =
i— i 3 :
o4 > ve}
~ [@N]
Tt Tt - Tt Tt < 9
/ \
CS CS = | [}
© 35
/ \ —
z 0 @) Q Y

dh
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Tie Reinforcement

Govern Shear Resistance

Strut-and-Tie model geometry dy,
0
Strut compression force Cs
Strut Bearing Strength
Strut compressive strength fee
* Bearing of anchor bolt
Anchor bearing length le
Anchor bearing area Abrg
Anchor bearing resistance C:
* Bearing of ver reinft bar
Ver bar bearing area Abrg
Ver bar bearing resistance C:
ratio

Total number of hor tie bar n
Pull out resistance at hook Th
€h

Single tie bar tension resistance T,
Total tie bar tension resistance [ORV
ratio

Conc. Pryout Shear Resistance

12d,

2.250 [in]
45

0.5V, /sinB
0.85f';

min( 8d,, hgr )

le x dg

= ngXx ¢st X fce X Abrg

(I +1.5 x d; - do/2 -dy/2) x dy,
¢st X fce X Abrg
0.59

* Assume 100% of hor. tie bars can develop full yield strength.

nIeg (Ieg) X nIay (Iayer)

= q)t,c 09 fcl eh da

4.5d,

s X fy-h S As

1.0xnxTr
0.69

cast-in place headed anchors with hg > = 12d,, the pryout failure will not govern

12.0 fin]

min ( ¢v,svsa ’ ¢sVn)

dn
d

2.250
3.182
17.68

=8.0

81.60
>V,

11.8
30.02

* For tie reinft, only the top most 2 or 3 layers of ties (2" from TOC and 2x3" after) are effective

3.04
2.250

= 9.00

36.00

20.0
> 12d,

36.00

[in]
[in]
[kips]

[ksi]

fin]

[in”]

[kips]
OK

[in?]
[kips]
OK

* For enclosed tie, at hook location the tie cannot develop full yield strength f, . Use the pullout resistance in

tension of a single hooked bolt as per ACI 318-11 Eq. (D-15) as the max force can be developed at hook Ty,

(kips]
(in]

[kips]

[kips]
OK

The pryout failure is only critical for short and stiff anchors. It is reasonable to assume that for general

[in]
oK

[kips]

6 of 7
Code Reference
ACI 318-11

A3.2 (A-3)

D.6.2.2

ACI 318-11
D.5.3.5 (D-15)

D.3.3.54&D.6.2.9
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Code Reference
ACI 318-11
Tension Shear Interaction
Check if N,>0.2¢ N, and V,,>0.2¢ V,, Yes D.7.1&D.7.2
Ny/ ¢ N, + Vi /¢ V, =0.98 D.7.3 (D-42)
ratio = 0.81 <12 OK
Seismic Design
Tension Applicable OK
Steel nominal strength x 1.2 1.2Ng, = 0.00 [Kips]
Concrete-governed nominal Non = 0.00 [Kips] Ngog = 0.00 [kips]
strength
Ny / min( Ngn, Ngpg ) = 0.00 Ny/1.2Ngg = 0.00
> 0.00 NA

Not Applicable - Check Option 1 D.3.3.4.3 (a) subsections 1~2

Seismic SDC>=C and E>0.2U , Option 4 is selected to satisfy additional seismic requirements as per D.3.3.4.3

Shear Applicable OK

Seismic SDC>=C and E>0.2U , Option 3 is selected to satisfy additional seismic requirements as per D.3.3.5.3
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Example 04: Group Anchor Bolt + No Anchor Reinft + Tension Shear & Moment + ACI 318-11 Code

12.7" MPS

v Mu=25KIP—FT

Vu=28/KIPS
N + + -
39‘ i;o \—‘ r 2
o * * -
(@)
ES IS [aN]
0O ie)
N =
\ \
26"
Nu= 10 kips ( Compression ) Vy = 25 kips My= 25 kip-ft
Concrete fo'= 4 ksi
Pedestal size 26" x 26”
Anchor bolt F1554 Grade 36 1.25” dia Hex Head her= 20" h, =25”
Supplementary Reinforcement
Tension > Yes Shear > V., =14
Cracked concrete
Provide built-up grout pad
Seismic design category >=C Tension - Option 1 Shear - Option 3
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ANCHOR BOLT DESIGN

Anchor bolt design based on

Combined Tension, Shear and Moment

ACI 318-11 Building Code Requirements for Structural Concrete and Commentary Appendix D
PIP STE05121 Anchor Bolt Design Guide-2006

10f 10

Code Abbreviation
ACI 318-11
PIP STE05121

Code Reference

Assumptions ACI 318-11

1. Concrete is cracked D.5.2.6, D5.3.6, D.6.2.7
2. Condition A - supplementary reinforcement provided D.4.3 (c)

3. Load combinations shall be per ACI 318-11 9.2 D.4.3

4. Shear load acts through center of bolt group Wecy =1.0 D.6.2.5

5. For anchor group subject to moment, the anchor tensile load is designed using elastic analysis D.3.1

and there is no redistribution of the forces between highly stressed and less stressed anchors
6. For anchor tensile force calc in anchor group subject to moment, assume the compression
resultant is at the outside edge of the compression flange and base plate exhibits rigid-body
rotation. This simplified approach yields conservative output
7. Anchor bolt washer shall be tack welded to base plate for all anchor bolts to transfer shear AISC Design Guide 1

section 3.5.3
Anchor Bolt Data

Factored moment M, = 25.00 [kip-ft] = 33.9 [kNm]
Factored tension /compression Ny = -10.00 [kips]  in compression = -445 [kN]
Factored shear V, = 25.00 [Kips] =111.2 [kN]
Factored shear for bolt design V, = 25.00 [kips] V. = 0if shear key is provided

e

e

# —

S
.
-
So

e oo

#
Sy
Stb
d
e
Nuy

A

Si
2 BOLT LINE 5 BOLT LINE 4 BOLT LINE
No of bolt line for resisting moment =| 2 Bolt Line "l

No of bolt along outermost bolt line =2
2013-01-25 Rev 1.5.0
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No of bolt along side edge Ny = 2
min required
Outermost bolt line spacing s¢ s1 = 16.0 [in] 5.0 OK
Outermost bolt line spacing s» s, = 16.0 [in] 5.0 OK
Internal bolt line spacing sp4 Sp1 = 6.0 [in] 5.0 OK
Internal bolt line spacing sp» Sp2 = 0.0 [in] 5.0 OK
Max spacing between anchors in tension = 16.0 [in]
Column depth d =127 [in]
Concrete strength fo = 4.0 [ksi] 27.6
Anchor bolt material = I F1554 Grade 36 ;“
Anchor tensile strength fua = 58 [ksi] 400
Anchor is ductile steel element
Anchor bolt diameter d, =| 1.25 = [in] 31.8
Bolt sleeve diameter ds = 3.0 [in]
Bolt sleeve height hs = 10.0 [in]
min required
Anchor bolt embedment depth hes = 20.0 [in] 15.0 OK
Concrete thickness h, = 25.0 [in] 23.0 OK
Bolt edge distance c, ¢, =5.0 [in] 5.0 OK
Bolt edge distance c, c, =5.0 [in] 5.0 OK
Bolt edge distance c3 c; =50 [in] 5.0 OK
Bolt edge distance c, cy = 5.0 [in] 5.0 OK
c; > 1.5h for at least two edges to avoid reducing of hgs when N, > 0 No
Adjusted hg for design hes = 5.33 [in] 15.0 Warn
Ny
qE\M min(c;,1.5her) min(cs+sy,1.5her)
U
Vu [ .
P9 £
P AN //// fa) gg‘ hi
— \\\ e \E/
IS —— P £
I o
2 ] g
C1 l Sh l Cs 3 q %.)
T T . An —
d =
) Ci l St l Cs %
T T =
S
de

[MPa]

[MPa]

[mm]

20of 10

Code Reference

PIP STE05121
Page A -1 Table 1

ACI 318-11
D.1

PIP STE05121

Page A -1 Table 1

Page A -1 Table 1

Page A -1 Table 1

ACI 318-11
D.5.2.3
D.5.2.3

2013-01-25 Rev 1.5.0

Page 49 of 67



CivilBay

www.civilbay.com

Concrete Anchorage Design v1.5.0 User Manual

Dongxiao Wu P. Eng.

Number of bolt at bolt line 1 ng =2
Number of bolt at bolt line 2 n, =
Number of bolt carrying tension ng =

Oversized holes in base plate ? =

Anchor Rod Embedment, Spacing and Edge Distance

Overall

Tension

Anchor Rod Tensile Resistance
Conc. Tensile Breakout Resistance
Anchor Pullout Resistance

Side Blowout Resistance

Shear
Anchor Rod Shear Resistance
Conc. Shear Breakout Resistance - Perpendicular To Edge

Conc. Shear Breakout Resistance - Parallel To Edge

Conc. Pryout Shear Resistance

Total no of anchor bolt n =
Number of bolt carrying shear ng =
Anchor head type =| Hex j
Anchor effective cross sect area Ase = 0.969 [in2]
Bearing area of head Apg = 1.817  [in}
Aprg [in] not applicable

Bolt 1/8" (3mm) corrosion allowance No «| ?
Provide shear key ? No «=| ?
Supplementary reinforcement

For tension Yes * | Condition A

For shear Y.v =| 1.4 =| Condition A
Provide built-up grout pad ? Yes=| ?
Concrete cracking =| cracked *I ?
Seismic design category SDC >= C =| Yes | ?
Anchor bolt load E <= 0.2U Tensile =| No = ?
Anchor bolt satisfies option Tensile =| Option 1 ll ?
Strength reduction factors
Anchor reinforcement 0s = 0.75
Anchor rod - ductile steel ¢os = 0.75
Concrete dc = 0.75 Cdn-A
CONCLUSION

Shear
Shear

dvs
¢v,c

ratio

ratio
ratio
ratio

ratio

ratio
ratio
ratio

ratio

o]

0.65
0.75

241

0.20
1.34
0.27
0.28

0.36
1.56
1.12
1.09

Opton3 =| ? D.3.3.4.3&D.3.3.5.3

30of 10
Code Reference
ACI 318-11

D.4.3 (c)
D.6.2.7
D.6.1.3
D.5.2.6, D5.3.6, D.6.2.7

D.3.3.1
? D.3.3.4.1&D.3.3.51

D.5.2.9 & D.6.2.9
D.4.3 (a)
Cdn-A D.4.3 (c)

Warn

NG

OK
NG
OK
OK

OK
NG
NG
NG
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Tension Shear Interaction

Tension Shear Interaction
Seismic Design

Tension
Option 1 is NOT satisfied

Shear

CALCULATION

Anchor Tensile Force

Single bolt tensile force

Sum of bolt tensile force

Tensile bolts outer distance sy,

loaded in tension

Eccentricity modification factor

Anchor Rod Tensile

Resistance

Projected conc failure area

Min edge distance
Eccentricity effects
Edge effects

Concrete cracking

Concrete splitting

Conc. Tensile Breakout Resistance

Stb

e'N

l‘I'Jec,N

¢ ts Nsa

ratio

Ny

1.5hes

AN(:o
Ane
Crmin

l’I'Jec,N
qJed,N

Wen

chp,N

Applicable

Applicable

8.24 [kips] No of bolt for T4 nyy

0.00 [Kips] No of bolt for T, ny;

0.00 [kips] No of bolt for T3 ny3
=3 n; Ti

0.0 [in]

14 28
3hy

ratio = 2.41

= 0.00 fin]

1

‘i) t,s Ase futa
0.20

24 7 \Jf, 1S ifh, <11" or h, > 25"

16 A f. h%® if 11"<h,, < 25"

[sip+min(cq,1.5hgs)+min(cs,1.5h)]x
[so+min(c,,1.5hg)+min(cy,1.5h)]
9 he’

min (Anes Nt Anco )

min( ¢4, G, C3, C4 )

min[ (0.7+0.3¢yin/1.5hg), 1.0 ]
1.00 for cracked concrete

1.0 for cast-in anchor

>

2
0
0
16.48

Eccentricity e'y -- distance between resultant of tensile load and centroid of anchors

1.00

42.15
T,

18.70

8.00
338.0

256.0
338.0
5.0
1.00
0.89

NG ACI 318-11

NG D.3.34

Seismic SDC>=C and E>0.2U , Option 1 is selected to satisfy additional seismic requirements as per D.3.3.4.3

OK D.3.35

Seismic SDC>=C and E>0.2U , Option 3 is selected to satisfy additional seismic requirements as per D.3.3.5.3

[kips]

[kips]
OK

(kips]

(in]

[in?]

[in?]

fin?]

(in]

4 0of 10

Code Reference

Fig. RD.5.2.4 (b)

D.5.2.4 (D-8)

D.5.1.2 (D-2)

D.5.2.2 (D-6)
D.5.2.2 (D-7)

D.5.2.1 (D-5)
D.5.2.1

D.5.2.4 (D-8)
D.5.2.5
D.5.2.6
D.5.2.7
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Code Reference
ACI 318-11
Concrete breakout resistance Ote Nevg = 4, Ane Foon Yoan Yon Poour Ny = 16.43 [kips] D.5.2.1 (D-4)

Nco

Seismic design strength reduction x 0.75 applicable 12.32 [kips] D.3.3.4.4

ratio = 1.34 < N, NG
Anchor Pullout Resistance
Single bolt pullout resistance Ny = 8 Apg fe' = 58.14 [kips] D.5.3.4 (D-14)
¢t Non = e P Np = 40.70 [kips] D.5.3.1 (D-13)
Seismic design strength reduction = x0.75 applicable = 30.53 [kips] D.3.3.4.4
ratio = 0.27 > Ty OK
Wep = 1.00 for cracked concrete D.5.3.6
¢c = 0.70 pullout strength is always Condition B D.4.3(c)

Side Blowout Resistance
Failure Along Pedestal Width Edge

Tensile load carried by anchors close to edge which may cause side-face blowout

along pedestal width edge Nouw = N1 T4 = 16.48 [kips] RD.5.4.2
¢ =min(cy,C3) =50 [in]
Check if side blowout applicable hes = 20.0 [in]
> 2.5¢ side bowout is applicable D.5.4.1
Check if edge anchors work as a Sy = 16.0 [in] s=s; =16.0 [in]
a group or work individually < 6¢c edge anchors work as a group D.5.4.2
Single anchor SB resistance deNew = ¢, (160c,/A, ) 2 T, =5115  [kips] D.5.4.1 (D-16)

Multiple anchors SB resistance OtcNsbgw =

work as a group - applicable = (1+s/ 6¢) X ¢t Ngp = 78.43 [kips] D.5.4.2 (D-17)

work individually - not applicable = Npy X Orc Ny X [1+(co 0r )/ C] 1 4 = 0.00 [kips] D.5.4.1
Seismic design strength reduction = x0.75 applicable = 58.82 [kips] D.3.3.4.4

ratio = 0.28 > Npuw OK
: . Nsb r,w .
Group side blowout resistance dc Nepg = Grc —on, = 58.82 [kips]
Ny

Govern Tensile Resistance N; = min (¢ n¢Nga, ¢ Nepg, & NeNpn, ¢ Ngog) = 12.32 [kips]

Note: Anchor bolt sleeve portion must be tape wrapped and grouted to resist shear

Anchor Rod Shear Ous Vsa = 0 ysNs 0.6 Agg e = 8768  [kips] D.6.1.2 (b)(D-29)
Resistance
Reduction due to built-up grout pads = x 0.8, applicable = 70.14 [kips] D.6.1.3

ratio = 0.36 >V, OK
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Code Reference
Conc. Shear Breakout Resistance - Perpendicular To Edge
Mode 1 Failure cone at front anchors, strength check against 0.5 x V,,
Mode 3 Failure cone at front anchors, strength check against 1.0 x V,, , applicable when oversized holes are used in base plate
Vi
=
€
TN .
= * : © N ©
S / = Vu/2 Mode 3
- / ‘el | vwa Mode 1
— Vi I S A
é y Sl H:H &
ook P el e vt i S
= - V/4L2 Mode 1
O o
o sl o 8 /2 Mode 3 S
O - /
de = Ci ‘ S ‘ C3
< I I
£ de
ACl 318-11
Bolt edge distance Ca1 = =50 [in]
Limiting c,4 when anchors are influenced by 3 or more edges = No D.6.2.4
Bolt edge distance - adjusted Ca1 = cal needs NOT to be adjusted =5.0 [in] D.6.24
C = =5.0 [in]
1.5c4 = =75 [in]
Aye = [min(cy,1.5¢,¢) + 5, + min(cy,1.5¢4¢)1 X = 195.0 [in?] D.6.2.1
min(1.5¢c,1, h,)
Avco = 4.5C, =1125 [inj] D.6.2.1(D-32)
Ave = min (Aye, N1 Aveo) =195.0 [in?] D.6.2.1
le = min(8d,, he) =10.0 [in] D.6.2.2
| 0.2
Vo = Hdej Ja, } PSS =839  [kips] D.6.2.2 (D-33)
Vb2 = 944/f, cl? = 6.36 [kips] D.6.2.2 (D-34)
Vp = min(Vpy, Vi) = 6.36 [kips] D.6.2.2
Eccentricity effects Weev = 1.0 shear acts through center of group D.6.2.5
Edge effects Weay = min[ (0.7+0.3c,/1.5¢4), 1.0 ] =0.90 D.6.2.6
Concrete cracking Y., = concrete is cracked = 1.40 D.6.2.7
Member thickness Y., = max (sqrt(1.5¢, / h,), 1.0] =1.00 D.6.2.8
Conc shear breakout
resistance Veogt = @ :\i‘{'ec,v Yoou You Pov Vo =10.42 [kips] D.6.2.1 (D-31)
e Fig. RD.6.2.1 (b)
Mode 1 is used for checking Vebgr = Vebgt x2.0 = 20.85 [kips]  note
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Mode 2 Failure cone at back anchors

Vu
-
r 1
o /
O /
Lo /
_ /
s /
N
~— //
= /
Ci S1 C3
de

Bolt edge distance

Bolt edge distance - adjusted

Eccentricity effects
Edge effects
Concrete cracking
Member thickness
Conc shear breakout

resistance

Min shear breakout resistance

Ca1

Ca1

C2

1 .5031
AVc

\
Wecv
Wedy

Yoy
Why

Vcbgz

¢v,cvcbg

ratio

Limiting c,1 when anchors are influenced by 3 or more edges

S N
) N Cat
- | -
©) \\ @}
N N
= N
AN
2= Y aalvw/2
S H:H o
= e
— /
= Cy i St i C3
= T T
£ de
= =21.0
= Yes
= cal needs to be adjusted = 16.7
= 5.0
= 25.0
= [min(cy,1.5C,1) + S5 + min(cy4,1.5¢,1)] X = 650.0
min(1.5¢c,q, h,)
= 4.5¢,. = 1250.0
= min ( Ay, N2 Aveo ) = 650.0
= min( 8d, , her ) =10.0
| 0.2
= Hde j \/I} PN = 51.05
= 914/f, cl? = 38.73
= mln( Vb’l y ng ) = 38.73
= 1.0 shear acts through center of group
= min[ (0.7+0.3c,/1.5¢,¢), 1.0] =0.76
= concrete is cracked =140
= max] (sqrt(1.5¢c,1 / h,), 1.0] =1.00
AVc
= b 7 Yoou Yoav You Yov Vo = 16.07
' A\/co ' ' ' '
= min ( Vcbg1 , VCng ) = 16.07
= 1.56 <V,

fin]
fin]
fin]
fin]
fin?]
fin?]
[in?]
fin]
[kips]

[kips]

[kips]

[kips]

[kips]

NG

7 of 10

Code Reference

ACI 318-11
D.6.2.4
D.6.2.4
D.6.2.1
D.6.2.1 (D-32)
D.6.2.1
D.6.2.2
D.6.2.2 (D-33)
D.6.2.2 (D-34)
D.6.2.2
D.6.2.5
D.6.2.6
D.6.2.7

D.6.2.8

D.6.2.1 (D-31)
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Conc. Shear Breakout Resistance - Parallel To Edge

S S S
(SN LTS S U LT i WAL . —
= & = & = &
vﬂ/ /4 T * : V2 T vufz/7 M T
© / O S
Ci ‘ St C3 Ci ‘ St C3 Ci ‘ S C3
I I I I I I
MODE 1 MODE 2 MODE 3
Mode 1 Shear taken evenly by all anchor bolts, strength check against 0.5 x V,, Code Reference
ACI 318-11
Bolt edge distance Ca1 = Min(cy , Cy) =50 [in]
Limiting c,1 when anchors are influenced by 3 or more edges = No D.6.24
Bolt edge distance - adjusted Ca1 = cal needs NOT to be adjusted =5.0 [in] D.6.2.4
1.5¢c4 = =75 [in]
Ay = [min(cq,1.5¢C,) + 51+ min(c;,1.5¢,1)] X = 195.0 [in] D.6.2.1
min(1.5¢,1, hy)
Avco = 4.5C, =1125 [iny] D.6.2.1(D-32)
Ave = min (Ave, Nbg Aveo) =195.0 [in?] D.6.2.1
le = min( 8d,, he) =10.0 [in] D.6.2.2
0.2
Vy = H‘I’j Ja, } PSS =839  [kips] D.6.2.2(D-33)
Voz = 924f, olf =636  [kips] D.6.2.2(D-34)
Vp = min(Vpy, Vi) = 6.36 [kips] D.6.2.2
Eccentricity effects Weev = 1.0 shear acts through center of group D.6.2.5
Edge effects Weay = = 1.00 D.6.2.1 (c)
Concrete cracking Y., = concrete is cracked = 1.40 D.6.2.7
Member thickness Yhy = max[ (sqrt(1.5¢c,1 / hy), 1.0 ] =1.00 D.6.2.8
Conc shear breakout
resistance - parallel to edge Vebgpt = 2X @6 :\:’; Woou Yoov Pou Pov V, = 23.16 [kips] D.6.2.1 (D-31)
D.6.2.1 (c)
Mode 2 Shear taken evenly by back anchor bolts, strength check against 0.5 x V,,
Bolt edge distance Ca1 = Min(cy, Cy) =50 [in]
Limiting c,1 when anchors are influenced by 3 or more edges = No D.6.2.4
Bolt edge distance - adjusted Ca1 = cal needs NOT to be adjusted =50 [in] D.6.2.4
1.5c4 = =75 [in]
Ave = [min((s4*cq,1.5¢,1) + min(c3,1.5¢,¢)] X = 93.8 [in?] D.6.2.1
min(1.5c,1, h,)
Avco = 4.5C, =1125 [iny]  D.6.2.1(D-32)

8 of 10
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Eccentricity effects
Edge effects
Concrete cracking
Member thickness
Conc shear breakout

resistance - parallel to edge

Bolt edge distance

Bolt edge distance - adjusted

Eccentricity effects
Edge effects
Concrete cracking

Member thickness

Conc shear breakout

resistance - parallel to edge

Min shear breakout resistance

shear parallel to edge

Weoy
Weq,v
Yoy
Why

Vcbg-p2

min (Ave, Npg Aveo )
min( 8d, , het )

0.2
HU ﬁ} PN
021, cif

min( Vi, Viz )

1.0 shear acts through center of group

concrete is cracked
max[ (sqrt(1.5¢c,¢ / hy), 1.0]

A
2X P, ﬁwec,v Weav You Py Vo

Veco

Mode 3 Shear taken evenly by front anchor bolts, strength check against 0.5 x V,,

Ca1 = MIN(Cy , Cy)

Ca1
1.5¢,1
Ave

LIJec,v
l'I”'ed,v
Weu
LIJh,v

Vcbg-p3

¢v,cvcbg-p

ratio

Limiting c,1 when anchors are influenced by 3 or more edges

cal needs NOT to be adjusted

[min(c4,1.5¢c4) + min(sq+c3,1.5¢,1)] X
min(1.5¢c,q, h,)

4.5C,>

min ( Ave, Npg Aveo )

min( 8d,, het)

0.2
Héj \/di} PN
021, cif

min( Vg, V2 )

1.0 shear acts through center of group

concrete is cracked
max([ (sqrt(1.5¢c4¢ / hy), 1.0]

A
2X s ﬁwec,v Weav You Py Vo

Veco

min ( Vcbg-p1 , Vcbg-pZ , Vcbg-p3 ) X 2 side

1.12

93.8
10.0

8.39

6.36
6.36

1.00
1.40
1.00

11.14

5.0
No
5.0
7.5
93.8

112.5

93.8

10.0

8.39

6.36
6.36

1.00

1.40

1.00

11.14

22.27

[in?]

[in]

[kips]

[kips]
[kips]

(kips]

fin]
fin]
fin]
fin?]
fin?]
[in?]
fin]

[kips]

[kips]
[kips]

[kips]

[kips]

NG

9 of 10
Code Reference
ACI 318-11
D.6.2.1
D.6.2.2

D.6.2.2 (D-33)

D.6.2.2 (D-34)
D.6.2.2
D.6.2.5
D.6.2.1 (c)
D.6.2.7
D.6.2.8

D.6.2.1 (D-31)
D.6.2.1 (c)

D.6.24
D.6.24

D.6.2.1

D.6.2.1 (D-32)
D.6.2.1
D.6.2.2

D.6.2.2 (D-33)

D.6.2.2 (D-34)
D.6.2.2
D.6.2.5
D.6.2.1(c)
D.6.2.7
D.6.2.8

D.6.2.1 (D-31)
D.6.2.1(c)
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Conc. Pryout Shear Resistance

Option 1 is NOT satisfied

Shear

Applicable

kep = 2.0
Factored shear pryout resistance ¢y Vepg = dv.c Kep Nebg = 30.67
¢yc =0.70 pryout strength is always Condition B
Seismic design strength reduction = x0.75 applicable = 23.00
ratio = 1.09 <V,
Govern Shear Resistance V; = min (¢Vsa, OVepg: ®Vengpr $Vopg ) = 16.07
Tension Shear Interaction
Check if N, >0.2¢ N, and V,>0.2¢ V, Yes
Ny/ & Ny + Vil ¢V, =2.89
ratio = 2.41 > 1.2
Seismic Design
Tension Applicable
Steel nominal strength x 1.2 1.2niNg, = 134.88  [Kips] Neog = 21.91
Concrete-governed nominal n¢Npn = 116.29  [kips] Ngpg = 104.58
strength
Ny / min( Ngpg, Non, Ngpg ) = 0.75 Ny/1.2Ngg = 0.12
< 0.75

Seismic SDC>=C and E>0.2U , Option 1 is selected to satisfy additional seismic requirements as per D.3.3.4.3

Seismic SDC>=C and E>0.2U , Option 3 is selected to satisfy additional seismic requirements as per D.3.3.5.3

10 of 10
Code Reference
ACI 318-11
D.6.3.1
[kips] D.6.3.1 (D-41)
D.4.3(c)
[kips] D.3.3.4.4
NG
[kips]
D.71&D.7.2
D.7.3 (D-42)
NG
NG
[kips]
[kips]
NG

OK
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Example 05: Group Anchor Bolt + Anchor Reinft + Tension Shear & Moment + ACI 318-11 Code

v Mu=25KIP—FT

Vu=25KIPS
A - * -
39‘ :S \—‘ a v
— * * :
(@)
= IS [aN]
o O
[N} | |
1 1
26"
Nu= 10 kips ( Compression ) Vy = 25 kips My= 25 kip-ft
Concrete fo'= 4 ksi Rebar f,=60 ksi
Pedestal size 26" x 26”
Anchor bolt F1554 Grade 36 1.25” dia Hex Head het= 20" ha =25”
Anchor reinforcement Tension = 4-No 8 ver. bar

Shear > 2-layer, 2-leg No 4 hor. bar
Provide built-up grout pad

Seismic design category >= C Tension - Option 1 Shear - Option 3
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ANCHOR BOLT DESIGN Combined Tension, Shear and Moment

Anchor bolt design based on

ACI 318-11 Building Code Requirements for Structural Concrete and Commentary Appendix D
PIP STE05121 Anchor Bolt Design Guide-2006

Assumptions

1. Concrete is cracked

2. Condition A - supplementary reinforcement is provided

3. Load combinations shall be per ACI 318-11 9.2

4. Anchor reinft strength is used to replace concrete tension / shear breakout strength as per
ACI 318-11 Appendix D clause D.5.2.9 and D.6.2.9

5. For tie reinft, only the top most 2 or 3 layers of ties (2" from TOC and 2x3" after) are effective

6. Strut-and-Tie model is used to anlyze the shear transfer and to design the required tie reinft

7. For anchor group subject to moment, the anchor tensile load is designed using elastic analysis
and there is no redistribution of the forces between highly stressed and less stressed anchors

8. For anchor tensile force calc in anchor group subject to moment, assume the compression
resultant is at the outside edge of the compression flange and base plate exhibits rigid-body

rotation. This simplified approach yields conservative output

9. Anchor reinft used in structures with SDC>=C shall meet requirements specified in D.3.3.7

10. Anchor bolt washer shall be tack welded to base plate for all anchor bolts to transfer shear

Anchor Bolt Data

Factored moment M, = 25.00 [kip-ft] = 33.9 [kNm]
Factored tension /compression Ny, = -10.00 [kips]  in compression = -445 [kN]
Factored shear V, = 25.00 [kips] =111.2 [kN]
Factored shear for design Vu = 25.00 [kips] V. =0 if shear key is provided

<

10f8

Code Abbreviation
ACl 318-11

PIP STE05121

Code Reference

ACI 318-11

D.5.2.6, D5.3.6, D.6.2.7
D.4.3 (c)

D.4.3

D.5.29&D.6.2.9

D.3.1

D.3.3.7

AISC Design Guide 1

section 3.5.3

. o e e o]
- .

S2

v e oo

)
#
+
S2
-
ry

. -
Si

2 BOLT LINE S BOLT LINE 4 BOLT LINE
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20f 8
Code Reference
No of bolt line for resisting moment =| 2 Bolt Line ll
No of bolt along outermost bolt line =2
min required PIP STE05121
Outermost bolt line spacing s¢ s1 = 16.0 [in] 5.0 OK Page A -1 Table 1
Outermost bolt line spacing s; s, = 16.0 [in] 5.0 OK
Internal bolt line spacing sp4 Sp1 = 5.0 [in] 5.0 OK
Internal bolt line spacing sp» sp2 = 0.0 [in] 5.0 OK
Column depth d =127 [in]
Concrete strength fo = 4.0 [ksi] =276 [MPa]
Anchor bolt material =| F1554 Grade 36 ;“
Anchor tensile strength fua = 58 [ksi] = 400 [MPa] ACI 318-11
Anchor is ductile steel element DA
Anchor bolt diameter da =| 125 =| [in] =31.8 [mm]  PIP STE05121
Bolt sleeve diameter ds = 3.0 [in] Page A -1 Table 1
Bolt sleeve height hs = 10.0 [in]
min required
Anchor bolt embedment depth hes = 20.0 [in] 15.0 OK Page A -1 Table 1
Pedestal height h =25.0 [in] 23.0 OK
Pedestal width b, = 26.0 [in]
Pedestal depth d. = 26.0 [in]
Bolt edge distance c4 c, = 5.0 [in] 5.0 OK Page A -1 Table 1
Bolt edge distance c, c, = 5.0 [in] 5.0 OK
Bolt edge distance c3 c; = 5.0 [in] 5.0 OK
Bolt edge distance c4 cs = 5.0 [in] 5.0 OK
4%& <=min(0.5C1,0.3C2) <=min(0.5C1,0.3C2)
m—a—a ﬁ—a
S < S ] S
—K < L] i . Al ——k o | o —K
o © o © ° ° o ©
R N /o—«\ o —K /.—«\ — N
AN e o 35° S V3 S
- e ) o ), %] o o
Cq ‘Sz‘ C2 Cs4 (S2| C2 C4 ‘Sz C2
I I I I
b bc be
Ver. Reinft For Tension Hor. Ties For Shear - 4 Legs Hor. Ties For Shear - 2 Legs
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30f8
N/“?\\ Code Reference
T Mo
[V
= d
r 1
- <
& S o R Y
AN S Ll o« 4VU7
= ° cg— +H:H¢
o
dm
C1 ‘ S+ ‘ Cs Ci S1 Cs
de do
ACl 318-11
To be considered effective for resisting anchor tension, vertical reinforcing bars shall be located RD.5.2.9
within 0.5hg from the outmost anchor's centerline.
Avg ver. bar center to anchor rod center distance dy = 5.0 [in]
No of ver. rebar that are effective for resisting anchor tension n, =4
Ver. bar size No. I 8 LH: 1.000 [in] dia single bar area A; = 0.79 [in]
Ver. bar top anchorage option =| 180 Degree Hook or Hairpin j ?
Ver. bar to anchor rod c/c dist
To be considered effective for resisting anchor shear, hor. reinft shall be located RD.6.2.9
within min( 0.5¢4, 0.3c, ) from the outmost anchor's centerline min(0.5¢c4, 0.3c,) = 1.5 [in]
No of tie leg that are effective to resist anchor shear Neg = 2 ?
No of tie layer that are effective to resist anchor shear Niay =| 2 |7
Hor. tie bar size No. I 4 L]‘ 0.500 [in] dia single bar area A; = 0.20 [in]
For anchor reinft shear breakout strength calc | 100% hor. tie bars develop full yield strength ;l ?
suggest
Rebar yield strength - ver. bar fyv = 60 [ksi] 60
Rebar yield strength - hor. bar fy.n = 60 [ksi] 60 15
Total no of anchor bolt n=4 ° \r:\[nbd —r
No of bolt carrying tension n =2 ;?\_,/} | jf ©
No of bolt carrying shear ng =4 Mow - -
For side-face blowout check use N
No of bolt along width edge Npw = 2 c ‘82‘ o
I o, I
Anchor head type =| Hex l“ ?
Anchor effective cross sect area Ase = 0.969 [in?] Bolt No Input for Side-Face
Bearing area of head Apg = 1.817  [in? Blowout Check Use
Abrg [in?] not applicable
Bolt 1/8" (3mm) corrosion allowance =l No =| ?
Provide shear key ? =| No =| ? ACI 318-11
Provide built-up grout pad ? =| Yesw| ? D.6.1.3
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4 0of 8
Code Reference
ACI 318-11
Seismic design category SDC >=C Yes ™ ? D.3.3.1
Anchor bolt load E <= 0.2U Tensile No ﬂ ? Shear No j ? D.3.3.4.1&D.3.3.5.1

Anchor bolt satisfies option Tensile =| Option 1 "I ? Shear Option3 =| ? D.3.3.4.3&D.3.3.5.3

Strength reduction factors

Anchor reinforcement os = 0.75 D.5.29&D.6.2.9
Anchor rod - ductile steel ¢os = 0.75 ¢dys = 0.65 D.4.3 (a)
Concrete - condition A ¢rc = 0.75 ¢yc = 0.75 D.4.3 (c)
CONCLUSION
Anchor Rod Embedment, Spacing and Edge Distance OK
Min Rquired Anchor Reinft. Development Length ratio = 0.55 OK 12.5.1
Overall ratio = 0.81 OK
Tension
Anchor Rod Tensile Resistance ratio = 0.20 OK
Anchor Reinft Tensile Breakout Resistance ratio = 0.12 OK
Anchor Pullout Resistance ratio = 0.27 OK
Side Blowout Resistance ratio = 0.28 OK
Shear
Anchor Rod Shear Resistance ratio = 0.36 OK
Anchor Reinft Shear Breakout Resistance
Strut Bearing Strength ratio = 0.51 OK
Tie Reinforcement ratio = 0.69 OK
Conc. Pryout Not Govern When hy >= 12d, OK
Tension Shear Interaction
Tension Shear Interaction ratio = 0.81 OK

Seismic Design
Tension Applicable NG D.3.34
Option 1 is NOT satisfied

Seismic SDC>=C and E>0.2U , Option 1 is selected to satisfy additional seismic requirements as per D.3.3.4.3

Shear Applicable OK D.3.3.5

Seismic SDC>=C and E>0.2U , Option 3 is selected to satisfy additional seismic requirements as per D.3.3.5.3
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50f8
Code Reference
CACULATION ACI 318-11

Anchor Tensile Force

Single bolt tensile force T, = 8.24 [Kips] No of bolt for Tynyy; = 2
T, =0.00 [Kips] No of bolt for T, ny, = 0
T3 = 0.00 [Kips] No of bolt for T3ny; = 0
Sum of bolt tensile force Ny = 2nT; = 16.48 [kips]
Anchor Rod Tensile OtsNsa = 0t Asefuta = 4215 [kips] D.5.1.2 (D-2)
Resistance ratio = 0.20 > Ty OK

Anchor Reinft Tensile Breakout Resistance

Min tension development length lq = straight bar case not applicable = 0.00 [in] 12.2.1,12.2.2,12.24
for ver. #8 bar lgn = 180 hook case applicable = 13.28 [in] 12.5.2, 12.5.3(a)
Actual development lenngth l. = het- ¢ (2in) - dg x tan35 = 14.50 [in]
_ <0.5het > 8.00 OK 12.51
i 8in
©,
&l =
I35
_
ACI 318-11
ds Ny = s X oy XNy X Ag X (I / 1g i 15 < 1g) = 14220 [kips] D.3.3.45&D.5.29
12.2.5
ratio = 0.12 > N, OK

Anchor Pullout Resistance

Single bolt pullout resistance N, = 8 Apg e = 58.14 [kips] D.5.3.4 (D-14)
Nepr = ¢ tc Non = ¢ 16 PopNp = 40.70 [kips] D.5.3.1 (D-13)
Seismic design strength reduction = x0.75 applicable = 30.53 [kips] D.3.3.4.4
ratio = 0.27 > Ty OK
W.p = 1 for cracked conc D.5.3.6
¢c = 0.70 pullout strength is always Condition B D.4.3 (c)

Side Blowout Resistance
Failure Along Pedestal Width Edge

Tensile load carried by anchors close to edge which may cause side-face blowout
along pedestal width edge Nbuw = N1q T4 = 16.48 [kips] RD.5.4.2
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c
Check if side blowout applicable hes
Check if edge anchors work as a Soo
a group or work individually
Single anchor SB resistance drc Ngp
Multiple anchors SB resistance dt,cNsbg,w

work as a group - applicable

work individually - not applicable
Seismic design strength reduction

ratio

Group side blowout resistance dt,c Nspg
Govern Tensile Resistance N

=5

Anchor Rod Shear

Resistance

(I) v,s Vsa

Reduction due to built-up grout pads

ratio

STM strength reduction factor Dt
\/u/Z Vu/2
Tt Tt i— - l Tt Tt
/ \
Cs Cs
/ \
z 0 @) Q »,

Anchor Reinft Shear Breakout Resistance

Note: Anchor bolt sleeve portion must be tape wrapped and grouted to resist shear

Strut-and-Tie model is used to anlyze the shear transfer and to design the required tie reinft

Code Reference

= min (cy, C3) =50 [in] ACI 318-11
= 20.0 [in]
> 2.5¢ side bowout is applicable D.5.4.1
= 16.0 [in] s=s, = 16.0 [in]
< 6¢c edge anchors work as a group D.54.2
= 4, (160 /A, ) 2 JF, = 5115  [kips] D.5.4.1(D-16)
= (1+s/ 6¢) X ¢y Ngp = 78.43 [kips] D.5.4.2 (D-17)
= Npw X Orc Ny X [1+(Co 0rcy)/ C] /1 4 = 0.00 [kips] D.5.4.1
= x0.75 applicable = 58.82 [kips] D.3.3.4.4
=0.28 > Npuw OK
Nsb r,w .
= G —2n, = 58.82  [kips]
T
= min (¢ g Nsa, & No, ¢ N Npn, & Nspg) = 58.82  [kips]
= ¢ysNns 0.6 Asefia = 87.68 [kips] D.6.1.2 (b) (D-29)
= x 0.8, applicable = 70.14 [kips] D.6.1.3
= 0.36 >V, OK
= 0.75 9.3.26
dt
o
iy =
G & oo
S 4
d
e 35
|

dh
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Strut compression force

Strut Bearing Strength

Strut compressive strength

* Bearing of anchor bolt
Anchor bearing length
Anchor bearing area

Anchor bearing resistance

* Bearing of ver reinft bar
Ver bar bearing area

Ver bar bearing resistance

Tie Reinforcement

Total number of hor tie bar

Pull out resistance at hook

Govern Shear Resistance

Strut-and-Tie model geometry

Single tie bar tension resistance

Total tie bar tension resistance

Conc. Pryout Shear Resistance

ratio

¢sVin
ratio

2.250 [in]
45
0.5V,/sinB
0.85 f';

min( 8d, , her )

= lyxd,

ng X ¢st X fce X Abrg

(le 1.5 x dy - d/2 -dy/2) x dy
¢st X fce X Abrg

0.51

* Assume 100% of hor. tie bars can develop full yield strength.

Nieg (l€g) X Nygy (layer)
q)t,c 09 fcl eh da
45d,

s X fy-h S As

1.0xnxTr
0.69

cast-in place headed anchors with hg > = 12d,, the pryout failure will not govern
12d, = 15.0 [in]

Vr = min ( ¢v,svsar ¢svn)

dn

Pes

2250  [in]
3.182  [in]
17.68  [Kips]
3.4 [ksi]
10.0 [in]
12.5 [in?]
127.50  [kips]
Vu OK
13.6 [in?]
34.80  [kips]
Cs OK

* For tie reinft, only the top most 2 or 3 layers of ties (2" from TOC and 2x3" after) are effective
* For enclosed tie, at hook location the tie cannot develop full yield strength f, . Use the pullout resistance in

tension of a single hooked bolt as per ACI 318-11 Eq. (D-15) as the max force can be developed at hook Ty,

3.04 [kips]
2.250  [in]

9.00 [kips]
36.00  [Kips]
V, oK

The pryout failure is only critical for short and stiff anchors. It is reasonable to assume that for general

20.0 [in]
12d, oK
36.00 [kips]

70of 8
Code Reference
ACI 318-11

A.3.2 (A-3)

D.6.2.2

ACI 318-11

D.5.3.5 (D-15)

D.3.3.54&D.6.2.9
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Tension Shear Interaction
Check if N,>0.2¢ N, and V,,>0.2¢ V, Yes
Nuo/ & N, + Vy/ oV,
ratio = 0.81

Seismic Design

Tension Applicable
Steel nominal strength x 1.2 1.2n¢Ng; = 134.88  [Kips]
Concrete-governed nominal neNp, = 116.29  [kips]

strength

Ny / min( Ny, Nepg ) = 0.16

Option 1 is NOT satisfied

Shear Applicable

Nsbg

N,/ 1.2Ng,

A

Seismic SDC>=C and E>0.2U , Option 1 is selected to satisfy additional seismic requirements as per D.3.3.4.3

Seismic SDC>=C and E>0.2U , Option 3 is selected to satisfy additional seismic requirements as per D.3.3.5.3

8of 8

Code Reference

ACI 318-11

D.71&D.7.2
0.97 D.7.3 (D-42)
1.2 OK

NG

104.58  [kips]
0.12
0.16 NG

OK
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6. Design of Anchor Reinforcement in Concrete Pedestals by Widianto, Chandu Patel, and Jerry Owen
7. CSA A23.3-04 (R2010) - Design of Concrete Structures
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9. PIP STE05121 Anchor Bolt Design Guide-2006
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