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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 2010-2012, 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 two folders, one US Code folder, and another one Canadian Code folder. Each folder contains
seven compiled Excel files in EXE format.

User can double click these EXE files and open them just as normal Excel files.

The 14-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 14 days. Any time during or after trial period the user can go to www.civilbay.com to
purchase a license.

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 Contact author button on the pop-up dialog box.

Trial Version of Application

You may evaluate this trial version for 14 days.
After expiration of trial period you must register
or remove the application from your computer.

Please contact your vendar
to get registration instructions.

Trial expires on 11/23/2011
Cortact authar Cloze

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 v1.2.7 Modules

= 01 US Code ACI 318-08

02-01-01 Headed Anchor Bolt ACI 318-08.exe
- Headed anchor bolt design using ACI 318-08 code

02-01-01 Headed Welded Stud ACI 318-08.exe
- Headed welded stud design using ACI 318-08 code

02-02-01 Base Plate (LRFD) & Anchor Bolt (ACI 318-08) Design With Anchor Reinft - PIN.exe
- One input to design both base plate and anchor bolt using ACI 318-08 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.

02-02-02 Base Plate (LRFD) & Anchor Bolt (ACI 318-08) Design No Anchor Reinft - PIN.exe
- One input to design both base plate and anchor bolt using ACI 318-08 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.

02-02-03 Base Plate (LRFD) & Anchor Bolt (ACI 318-08) Design With Anchor Reinft - MC.exe
- One input to design both base plate and anchor bolt using ACI 318-08 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.

02-02-04 Base Plate (LRFD) & Anchor Bolt (ACI 318-08) Design No Anchor Reinft - MC.exe
- One input to design both base plate and anchor bolt using ACI 318-08 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.

02-03-01 Shear Key ACI 349-06.exe
-> Shear lug design using ACI 349-06 code
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= 02 US Code ACI318M-08 SI Unit

02-01-03 Headed Anchor Bolt ACI 318M-08 Sl Unit.exe
- Headed anchor bolt design using ACI 318M-08 code in SI metric unit

02-01-03 Headed Welded Stud ACI 318M-08 SI Unit.exe
- Headed welded stud design using ACI 318M-08 code in Sl metric unit

= (03 Canadian Code

02-01-02 Headed Anchor Bolt CSA A23.3-04.exe
- Headed anchor bolt design using CSA A23.3-04 code

02-01-02 Headed Welded Stud CSA A23.3-04.exe
- Headed welded stud design using CSA A23.3-04 code

02-02-05 Base Plate & Anchor Bolt (CSA A23.3-04) Design With Anchor Reinft - PIN.exe
- One input to design both base plate and anchor bolt using CSA A23.3-04 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.

02-02-06 Base Plate & Anchor Bolt (CSA A23.3-04) Design No Anchor Reinft - PIN.exe
- One input to design both base plate and anchor bolt using CSA A23.3-04 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.

02-02-07 Base Plate & Anchor Bolt (CSA A23.3-04) Design With Anchor Reinft - MC.exe
- One input to design both base plate and anchor bolt using CSA A23.3-04 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.

02-02-08 Base Plate & Anchor Bolt (CSA A23.3-04) Design No Anchor Reinft - MC.exe
-> One input to design both base plate and anchor bolt using CSA A23.3-04 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.

02-03-02 Shear Key ACI 349M-06.exe
- Shear lug design using ACI 349M-06 code (metric unit)
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3.0 REVISION HISTORY

Date Version Revision Details

= Bug fixed in 3 edges her adjustment routine as per ACI 318-08 D.5.2.3

= Bug fixed in 3 edges ca1 adjustment routine as per ACI 318-08 D.6.2.4

= User now has the option of defining different rebar yield strength for
vertical and horizontal anchor reinforcement

2011-12-30 1.2.7

= User now has the option to set uncracked concrete for increased ¥ value
as per ACI 318-08 D.5.2.6, D5.3.6 and D.6.2.7

= Anchor bolt and anchor stud design as per ACI 318M-08 in SI metric unit

is added

Spreadsheet running speed is greatly improved and the latency between data
2011-12-22 1.25 entries is eliminated.

The spreadsheet now runs the same speed as native Excel file.

User now can select 180 degree hook or hairpin as vertical tensile anchor
reinforcement top anchorage option and reduce the required anchor bolt
embedment depth her

In previous versions the vertical tensile anchor reinforcement top anchorage can
2011-12-16 1.21 be only straight bar. In order to provide enough development length on both sides
of the concrete breakout failure plane, the anchor bolt embedment depth her has
to be very deep to provide enough straight bar development length lg. if 180
degree hook or hairpin is used, the required development length l4n is much less

compared to I and thus reduce the required anchor bolt embedment depth hes

2011-12-12 1.2.0 Bug in anchor bolt side face blowout check fixed
2011-12-09 1.0.1 Bug in anchor bolt side face blowout check fixed
2011-11-12 1.0.0 First released
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4.0 DESIGN EXAMPLES

Example 01: Anchor Bolt + Anchor Reinft + Tension & Shear + ACI 318-08 Code

N UTZO KIPS
\
- V=29 KIPS
) = .
| e + & =
:8 © H:H [is}
= (@]
S| e . 2
5 6" 5
\ e \
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= 55" ha
Seismic design category >= C
Anchor reinforcement Tension > 8-No 8 ver. bar

Shear > 2-layer, 4-leg No 4 hor. bar

Provide built-up grout pad

2011-12-30 Rev 1.2.7
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10f6

ANCHOR BOLT DESIGN Combined Tension and Shear

Anchor bolt design based on Code Abbreviation

ACI 318-08 Building Code Requirements for Structural Concrete and Commentary Appendix D ACI 318-08

PIP STE05121 Anchor Bolt Design Guide-2006 PIP STE05121
Code Reference

Assumptions ACI 318-08

1. Concrete is cracked

2. Condition A - supplementary reinforcement is provided D.4.4 (c)

3. Load combinations shall be as per ACI 318-08 Chapter 9 or ASCE 7-05 Chapter 2 D.44

4. Anchor reinft strength is used to replace concrete tension / shear breakout strength as per

ACI318-08 Appendix D clause D.5.2.9 and D.6.2.9 D.5.29&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. 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

set N, = 0 if it's compression

Factored tension for design N, = 20.0 [kips] = 89.0 [kN]
Factored shear V, = 25.0 [kips] =111.2 [kN]
Factored shear for design V, = 25.0 [kips] V., =0 if shear key is provided
Concrete strength fo = 4.0 [ksi] =276 [MPa]
Anchor bolt material =| F1554 Grade 36 g
Anchor tensile strength fua = 58 [ksi] = 400 [MPa] ACI 318-08
Anchor is ductile steel element DA
Anchor bolt diameter d, =| 1 ll [in] =254 [mm]  PIP STEO5121
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 = 55.0 [in] 12.0 OK Page A -1 Table 1
Pedestal height h =60.0 [in] 58.0 OK
Pedestal width b, = 16.0 [in]
Pedestal depth d. = 16.0 [in]
<=min(0.5C1,0.3C2) <=min(0.5C1,0.3C2)
. I N S .
o = (&) = o
e R T e i ! Al o | o e
»n © » T °© °© »n ©
e i | ) —F e
5 G 5 ,ﬁ N 5
e o J I e o @ J
C4 (S2| C2 Cq ‘ S2 C2
'be 'be
Ver. Reinft For Tension Hor. Ties For Shear - 4 Legs Hor. Ties For Shear - 2 Legs
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min required 20f6
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] 45 OK Page A -1 Table 1
Bolt edge distance c4 cy = 5.0 [in] 4.5 OK
Outermost bolt line spacing s4 s1 = 6.0 [in] 4.0 OK Page A -1 Table 1
Outermost bolt line spacing s; s; = 6.0 [in] 4.0 OK
ACI 318-08
To be considered effective for resisting anchor tension, ver reinforcing bars shall be located RD.5.2.9
within 0.5h, from the outmost anchor's centerline. In this design 0.5h; value is limited to 8 in.
0.5hg = 8.0 [in]
No of ver. rebar that are effective for resisting anchor tension n, =8
Ver. bar size No. I 8§ - I= 1.000 [in] dia single bar area A; = 0.79 [in]
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, 0.3¢,) = 1.5 [in]
No of tie leg that are effective to resist anchor shear Neg = 4 ?
No of tie layer that are effective to resist anchor shear Niay =| 2 "I ?
Hor. tie bar size No. I 4 - I: 0.500 [injdia  single bar area A; = 0.20 [in?]
For anchor reinft shear breakout strength calc I 100% hor. tie bars develop full yield strength ;l ?
suggest
Rebar yield strength f, = 60 [ksi] 60 = 414 [MPa]
No of bolt carrying tension n =4 S
No of bolt carrying shear ng =4 ° ‘r:‘fmbd N
b o ©
For side-face blowout check use ﬂbw@ T
No of bolt along width edge Npw = 2 o
No of bolt along depth edge Npg = 2
C4 ‘ S2 ‘ C2
(I
Anchor head type =| Hex | ? De
Anchor effective cross sect area Ase = 0.606 [in?] Bolt No Input for Side—Face
Bearing area of head Apg = 1163 [in} Blowout Check Use
Abrg [in]  notapplicable
Bolt 1/8" (3mm) corrosion allowance =| No L| ?
Provide shear key ? =| No L| ? ACl 318-08
Seismic design category >= C =| Yes=| ? D.3.3.3
Provide built-up grout pad ? = Yesl| ? D.6.1.3
Strength reduction factors
Anchor reinforcement ds = 0.75 D.5.29&D.6.2.9
Anchor rod - ductile steel ds = 0.75 ¢oys = 0.65 D.4.4(a)
Concrete - condition A ¢ = 0.75 ¢,c = 0.75 D.4.4(c)
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CONCLUSION
Abchor 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
Ductility

Tension  Non-ductile

Seismic Design Requirement

CACULATION
Anchor Rod Tensile s Nsa = O s Nt Ase futa
Resistance ratio = 0.19

Anchor Reinft Tensile Breakout Resistance
Min tension development length ly =

for ver. #8 bar

Actual development lenngth R

<O.5hef
8in

c=2in

Nef
la

35

Seismic design strength reduction

0.09

ratio

hes- € (2 in) - 8 in x tan35

Nip = s Xy xny X Ag X (I / g if I < 1g)

x 0.75 applicable

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

Shear

>

0.25
0.70

0.19

0.09

0.26

0.27

0.57

0.59

0.46

0.70

Ductile

SDC>= C, ACI318-08 D.3.3.5 or D.3.3.6 must be satisfied for non-ductile design

105.4

47.4

47.4
12.0

284.2
213.1

30f6
Code Reference
OK ACI 318-08
OK 1221
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
ACI 318-08

NG D.3.34

ACI 318-08

[kips] D.5.1.2 (D-3)

OK

[in] 12.21,12.2.2,12.24

[in]

oK 12.2.1
ACI 318-08
[kips] 12.2.5
[kips] D.3.3.3
oK

2011-12-30 Rev 1.2.7
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Anchor Pullout Resistance

Single bolt pullout resistance Np
Nepr = ¢ t.c Npn

Seismic design strength reduction
ratio
LPC:P
L

Side Blowout Resistance
Failure Along Pedestal Width Edge

Failure Along Pedestal Depth Edge

along pedestal depth edge Nbud
c
Check if side blowout applicable hes
Check if edge anchors work as a Sq1
a group or work individually
Single anchor SB resistance Orc Ngp
Multiple anchors SB resistance &tcNspgd =
work as a group - applicable
work individually - not applicable
Seismic design strength reduction
ratio
Group side blowout resistance dt.c Nsbg
Govern Tensile Resistance N,

=8 Ay fe

=0 MmWepNp

x 0.75 applicable
= 0.26

= 1 for cracked conc

=0.70

along pedestal width edge Npww = Ny X Npy, / 0y =10.0
c =min(cy, C3) =5.0
Check if side blowout applicable het = 55.0 [in]
> 2.5¢c 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 I (1 80C,[A,, ) 24Jf = 40.9
Multiple anchors SB resistance &t cNspgw =
work as a group - applicable = (1+s/ 6¢) X g ¢ Ngp = 49.1
work individually - not applicable = Npy X Pt Ngp X [1+(co 0r C4)/ €] / 4 = 0.0
Seismic design strength reduction = x0.75 applicable = 36.8
ratio = 0.27 > Npuw
= Ny X Npg / Ny = 10.0
=min (Cy Cq) =5.0
= 55.0 [in]
> 2.5¢c side bowout is applicable
=6.0 [in] s=s; =6.0
< 6c edge anchors work as a group
= ¢, (160c A, ) 2 JF. = 40.9
= (1+s/ 6C) X ¢t Ngp = 49.1
= Npg X ¢ Nep X [1+(cq Or c3)/ c] / 4 = 0.0
= x0.75 applicable = 36.8
=0.27 > Npyg
= ¢, min NSb&n_ Mn( J =737
Ny Nyg
= ¢y min (Ng, Np,, Nep, Nepg ) = 73.7

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

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

37.2
104.2
78.2
N,

pullout strength is always Condition B

[kips]
[kips]
[kips]

oK

[kips]

[in]

[in]

[kips]

[kips]

[kips]

[kips]
OK

[kips]

[in]

[in]

[kips]

[kips]

[kips]

[kips]
OK

[kips]

[kips]

Code Reference
ACI 318-08
D.5.3.4 (D-15)
D.5.3.1 (D-14)
D.3.3.3

D.5.3.6
D.4.4(c)

RD.5.4.2

D.5.4.1

D.5.4.2
D.5.4.1 (D-17)

D.5.4.2 (D-18)

D.5.4.1
D.3.3.3

RD.5.4.2

D.5.4.1

D.5.4.2
D.5.4.1 (D-17)

D.5.4.2 (D-18)
D.5.4.1
D.3.33

4 of 6
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5 of 6
Note: Anchor bolt sleeve portion must be tape wrapped and grouted to resist shear Code Reference
ACI 318-08
Anchor Rod Shear dvsVsa = ¢ ysNs 0.6 A fia = 54.8 [kips] D.6.1.2 (b) (D-20)
Resistance
Reduction due to built-up grout pads = x 0.8, applicable = 43.9 [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
Vo/2 /2 =
l i o 3
o =< O
d [QN
Tt Tt @-—-& Tt Tt < A
/ \
Cs Cs _ b R
ke 35
/ \ =
s 0 O Q »
dn
Strut-and-Tie model geometry d, = 2.250 [in] d, = 2.250 [in]
0 =45 d; = 3.182 [in]
Strut compression force C; = 0.5V,/sinb =17.7 [kips]
ACI 318-08
Strut Bearing Strength
Strut compressive strength fee = 0.85f1 =34 [ksi] A.3.2 (A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min( 8d,, he) =8.0 [in] D.6.2.2
Anchor bearing area Abrg = lexd, = 8.0 [in]
Anchor bearing resistance Cr = Ny X st X foe X Aprg = 81.6 [Kips]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Apg = (Ie+1.5 x d;- d,/2 -dy/2) x dy =11.8 [in?]
Ver bar bearing resistance Cr = st X foe X Aprg = 30.0 [kips]
ratio = 0.59 > Cq OK
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Tie Reinforcement Code Reference
* 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 ACI318-08 Eq. (D-16) as the max force can be developed at hook T},

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

Total number of hor tie bar n = Nigg(leg) x ni (layer) =8
ACI 318-08
Pull out resistance at hook Ty = ¢ 09f e,d, = 3.0 [kips] D.5.3.5 (D-16)
e, =4.5dy = 2.250 [in]
Single tie bar tension resistance Tr = dsx Ty xAg =9.0 [kips]
Total tie bar tension resistance Vi, =1.0xnxTr =720 [kips]
Seismic design strength reduction = x0.75 applicable =54.0 [kips] D.3.3.3
ratio = 0.46 >V, OK
Conc. Pryout Shear Resistance
The pryout failure is only critical for short and stiff anchors. It is reasonable to assume that for general
cast-in place headed anchors with hg; > = 12d,, the pryout failure will not govern
12d, = 12.0 [in] hes = 55.0 [in]
> 12d, OK
Govern Shear Resistance V, = min (¢ysVsa, Vi) =439 [kips]
Tension Shear Interaction
Check if N, >0.2¢ N, and V,>0.2¢ V, Yes D.7.1&D.7.2
No/ o N, +Vy/ oV, = 0.84 D.7.3 (D-32)

ratio = 0.70 <1.2 OK

Ductility Tension
¢t,s Nsa = 105.4 [kipS]
min [ Ny, , ¢ ( an: Nsbg )] =737 [Kips]

Non-ductile

\%

Ductility Shear
dvs Vsa = 43.9 [kips]
< Vg = 54.0 [Kips]

Ductile
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Example 02: Anchor Bolt + Anchor Reinft + Tension & Shear + CSA A23.3-04 Code

NuT89 kN

\
Ve=11].2kN

I A

127

406

152
1524

1397

+— - +

s

127 J 152 127
7 1
406

Ny= 89 kN ( Tension ) Vu=111.2 kN
Concrete fo=27.6 MPa Rebar f,=414 MPa
Pedestal size 406mm x 406mm
Anchor bolt F1554 Grade 36 1.0” dia Hex Head her= 1397mm
Seismic design Ie F2S4(0.2) >= 0.35
Anchor reinforcement Tension 2> 8-25M ver. bar

Shear > 2-layer, 4-leg 15M hor. bar

Provide built-up grout pad

2011-12-30 Rev 1.2.7
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ANCHOR BOLT DESIGN Combined Tension and Shear
Anchor bolt design based on Code Abbreviation
CSA-A23.3-04 (R2010) Design of Concrete Structures Annex D A23.3-04 (R2010)
ACI 318M-08 Metric Building Code Requirements for Structural Concrete and Commentary ACI318 M-08
PIP STE05121 Anchor Bolt Design Guide-2006 PIP STE05121
Assumptions Code Reference
1. Concrete is cracked A23.3-04 (R2010)
2. Condition A - supplementary reinforcement is provided D.5.4 (c)
3. Anchor reinft strength is used to replace concrete tension / shear breakout strength as per ACI318 M-08
ACI318 M-08 Appendix D clause D.5.2.9 and D.6.2.9 D.5.29&D.6.2.9

4. For tie reinft, only the top most 2 or 3 layers of ties (50mm from TOC and 2x75mm after) are effective

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

6. 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

Input Data

set N, = 0 if it's compression

Factored tension for design N, = 89.0 [kN] = 20.0 [kips]
Factored shear Vy = 111.2 [kN] =25.0 [kips]
Factored shear for design V, = 111.2 [kN] V, = 0 if shear key is provided
Concrete strength fo =28 [MPa] =4.0 [ksi]
Anchor bolt material =| F1554 Grade 36 gl
Anchor tensile strength fua = 58 [ksi] = 400 [MPa] A23.3-04 (R2010)
Anchor is ductile steel element D.2
Anchor bolt diameter da =| 1 ¥ | [in] =254 [mm]  PIP STE05121
Bolt sleeve diameter ds = 76 [mm] Page A -1 Table 1
Bolt sleeve height hs = 254 [mm]
min required
Anchor bolt embedment depth hes = 1397 [mm] 305 OK Page A -1 Table 1
Pedestal height h = 1524 [mm] 1473 OK
Pedestal width b, = 406 [mm]
Pedestal depth d. = 406 [mm]
<ﬁt <=min(05C1,03C2) <=min(05C1,03C2)
/EIXQ \@ N cT | ]
e ~ o = [ = o
S 2 MBI ol 4 %
g [P & S . 1 & s
LE P [ S S SO e PN
o~ s % S ) s
e« o @ J o o @ J
C4 ‘Sz‘ C2 C4 S2), C2 C4 ‘Sz C2
'be. 'be 'be
Ver. Reinft For Tension Hor. Ties For Shear - 4 Legs Hor. Ties For Shear - 2 Legs
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min required 20f6
Bolt edge distance c, cy =127 [mm] 114 OK Code Reference
Bolt edge distance ¢, c, =127 [mm] 114 OK PIP STE05121
Bolt edge distance c3 Cc; = 127 [mm] 114 OK Page A -1 Table 1
Bolt edge distance c, cy =127 [mm] 114 OK
Outermost bolt line spacing s4 s = 152 [mm] 102 OK Page A -1 Table 1
Outermost bolt line spacing s; s, = 152 [mm] 102 OK
ACI318 M-08
To be considered effective for resisting anchor tension, ver reinforcing bars shall be located RD.5.2.9
within 0.5h, from the outmost anchor's centerline. In this design 0.5h¢ value is limited to 200mm.
0.5hs = 200 [mm]
No of ver. rebar that are effective for resisting anchor tension n, =8
Ver. bar size d,=| 25 = single bar area A; = 500 [mm?]
To be considered effective for resisting anchor shear, hor. reinft shall be located RD.6.2.9
within min( 0.5c4, 0.3c, ) from the outmost anchor's centerline min(0.5c4, 0.3c,) = 38 [mm]
No of tie leg that are effective to resist anchor shear Neg = 4 ?
No of tie layer that are effective to resist anchor shear Niay =| 2 'l ?
Hor. bar size dy, = I 15 vI single bar area A; = 200 [mm?]
For anchor reinft shear breakout strength calc IT)O% hor. tie bars develop full yield strength ;l ?
suggest
Rebar yield strength f, = 414 [MPa] 400 = 60.0 [ksi]
No of bolt carrying tension n =4 S
’ _ =y Nbo

No of bolt carrying shear ng =4 ° o —X
For side-face blowout check use L jf e
No of bolt along width edge Npw = 2 ”bw@ _
No of bolt along depth edge Npg = 2 -
Anchor head type =| Hex g ? o ‘ . ‘ -

Ase = 391 [mm?] o]
Bearing area of head Apg = 750 [mm?]

Abrg [mm?  not applicable Balt No Input for Side—Face
Bolt 1/8" (3mm) corrosion allowance = w ? Blowout Check Use
Provide shear key ? =l No =| ? A23.3-04 (R2010)
Seismic region where IgF,S,(0.2)>=0.35 = Yesl| ? D.4.3.5
Provide built-up grout pad ? =| Yes=| ? D.7.1.3
Strength reduction factors
Anchor reinforcement factor s = 0.75 D.7.2.9
Steel anchor resistance factor ¢ds = 0.85 8.4.3 (a)
Concrete resistance factor ¢, = 0.65 8.4.2
Resistance modification factors
Anchor rod - ductile steel Ris = 0.80 Rvs = 0.75 D.5.4(a)
Concrete - condition A Ric = 1.15 Ryc = 1.15 D.5.4(c)

2011-12-30 Rev 1.2.7 Page 18 of 157



www.civilbay.com

CivilBay

Concrete Anchorage Design v1.2.7 User Manual

Dongxiao Wu P. Eng.

CONCLUSION
Abchor 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,
Anchor Rod on Conc Bearing
Tension Shear Interaction
Tension Shear Interaction
Ductility
Tension  Non-ductile

Seismic Design Requirement

Anchor Reinft Tensile Breakout Resistance
Min tension development length ly =
for ver. 25M bar

Actual development lenngth R

<0.5
200

>

ef

30

C
mm

hef
o

—_—

Seismic design strength reduction

0.10

ratio

CACULATION
Anchor Rod Tensile Ngr = Ny Age ¢s futa Res
Resistance ratio = 0.21

he- ¢ (50mm) - 200mm x tan35

Neor = das X fy xny X Ag X (I / g i 15 < 1)

x 0.75 applicable

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

Shear

0.25
0.71

0.21
0.10
0.28
0.27

0.58

0.60
0.30

0.21

0.71

Ductile

425.3

Ny

887

1207
300

1242.0
931.5

Code Reference
OK  A23.3-04 (R2010)
OK 1221
OK

OK
OK
OK
OK

OK
OK
OK
OK

OK

OK

NG D.4.3.6

leFaSa(0.2)>=0.35, A23.3-04 D.4.3.7 or D.4.3.8 must be satisfied for non-ductile design

A23.3-04 (R2010)
[kN]  D.6.1.2 (D-3)
oK

[mm] 12.2.3
[mm]
oK 12.2.1
kN] 1225
[kN] D.4.35
oK

30of6
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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

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

Seismic design strength reduction

Group side blowout resistance

Govern Tensile Resistance

NCPI’

ratio

cp
Ric

8 Aprg dc fo' Ric

Ne ¥op Nor

x 0.75 applicable
0.28

1 for cracked conc

1.00

Nouw = Nu X Ny / Nt

[
h ef

S22

Nsbr,w

Nsbgr,w

ratio

Nbud
C
hef

S11

Nsbr,d

Nsbgr,d

ratio

Nsbgr

= . (N N
m,n[ Ssbarw

min (¢4, C3)
1397 [mm]
2.5¢

152 [mm]
6C

(1+s/ 6¢) X Ngpr.w
Now X Nsbrw X [1+(C2
x 0.75 applicable
0.27

= Ny X Npg / Ny
min (Cy, C4)
1397 [mm]
2.5¢c
152 [mm]
6c

(1 +s/ 6C) X ¢t.c Nsbr,d

Npa X Neprg X [1+(cq 0rc3)/ c] / 4

x 0.75 applicable
0.27

shgr,d

Ny,

w

min ( Nsrv Nrbrr Ncpr!

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

107.7
430.7
323.1
Ny

pullout strength is always Condition B

44.5
127

side bowout is applicable

S§=8; =

152

edge anchors work as a group

13.3¢\/Ayy 4. . Ry -

orc,)/cll4

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

181.7

217.9
0.0
163.5
Nouw

44.5
127

side bowout is applicable

S=81 =

152

edge anchors work as a group

13.3¢\/Ayy ¢. . Ry -

y

Nsbgr )

nbd

181.7
217.9
0.0

163.5

Nbud

326.9

323.1

4 of 6
Code Reference
A23.3-04 (R2010)
[kN] D.6.3.4 (D-16)
[kN] D.6.3.1 (D-15)
[kN] D435
OK
D.6.3.6
D.5.4(c)
ACI318 M-08
[kN] RD.5.4.2
[mm]
A23.3-04 (R2010)
D.6.4.1
[mm]
D.6.4.2
[kN]  D.6.4.1(D-18)
[kN] D.6.4.2 (D-19)
[kN]  D.6.4.1
[kN] D.4.3.5
OK
ACI318 M-08
[kN] RD.5.4.2
[mm]
A23.3-04 (R2010)
D.6.4.1
[mm]
D.6.4.2
[kN]  D.6.4.1(D-18)
[kN] D.6.4.2 (D-19)
[kN]  D.6.4.1
[kN] D.4.3.5
OK
[kN]
[kN]
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50f6
Note: Anchor bolt sleeve portion must be tape wrapped and grouted to resist shear Code Reference
A23.3-04 (R2010)
Anchor Rod Shear Vo = Ng Age 05 0.6 o Ry s = 239.2 [kN] D.7.1.2 (b) (D-21)
Resistance
Reduction due to built-up grout pads = x 0.8, applicable =191.4 [kN] D.71.3
ratio = 0.58 >V, OK
Anchor Reinft Shear Breakout Resistance ACI318 M-08
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
N
Vo/2 /2 -
L | o 2 =
Tt Tt —a Tt Tt < -
/7 \
Cs Cs ~ \ R
o 35
<4 /9 Qo ® ) .
dn
Strut-and-Tie model geometry d, = 57 [mm] d, = 57 [mm]
8 =45 dp = 81 [mm]
Strut compression force C;, = 0.5V,/sinb =786 [kN]
ACI318 M-08
Strut Bearing Strength
Strut compressive strength fee = 0.85f1 =235 [MPa] A.3.2 (A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min( 8d,, he) = 203 [mm] D.6.2.2
Anchor bearing area Apg = loxd, = 5161 [mm?]
Anchor bearing resistance Cr = Ny X st X foe X Aprg = 363.3 [KN]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Apg = (lo+1.5 x dy- do/2 -dp/2) x dp = 7473 [mm?]
Ver bar bearing resistance Cr = st X foe X Aprg =131.5 [kN]
ratio = 0.60 > Cq OK

2011-12-30 Rev 1.2.7
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Tie Reinforcement Code Reference
* 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 J-bolt as per A23.3-04 Annex D Eq. (D-17) as the max force can be developed at hook T,

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

Total number of hor tie bar n = Nigg(leg) x ni (layer) =8
A23.3-04 (R2010)
Pull out resistance at hook Ty = 0.9 ¢ ;' en dyp Rie =16.3 [kN] D.6.3.5 (D-17)
e, =45d, = 68 [mm]

Single tie bar tension resistance Tr = dasx Ty X Ag = 62.1 [kN]
Total tie bar tension resistance Vipr = 1.0xnxTr = 496.8 [kN]
Seismic design strength reduction = x0.75 applicable = 372.6 [kN] D.4.3.5

ratio = 0.30 >V, OK

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

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

12d, = 305 [mm] hes = 1397 [mm]
> 12d, OK
CSA S16-09
Anchor Rod on Conc Bearing B, = ngx 1.4 x ¢ x min(8d,, her) x dy x f' = 518.5 [kN] 25.3.3.2
ratio = 0.21 >V, OK
Govern Shear Resistance V, = min ( Vg, Vi, Br) =191.4 [kN]
A23.3-04 (R2010)
Tension Shear Interaction
Check if N;>0.2 N, and V,>0.2 V, Yes D.8.2&D.8.3
NN, + Vy/V, = 0.86 D.8.4 (D-35)
ratio = 0.71 <12 OK
Ductility Tension
Ng, = 4253  [kN]
> min ( Ny, Nepr, Nebgr ) = 323.1 [kN]
Non-ductile
Ductility Shear
Vg = 1914 [kN]
< min (Vy, By = 372.6 [kN]
Ductile
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Example 03: Anchor Bolt + Anchor Reinft + Tension Shear & Moment + ACI 318-08 Code

12.7"
:LO
+— - +
Q| e ﬁu
+— - -
:LO
5 16" 5
] ]
26
M, = 35 kip-ft N.= 10 kips (Compression)
Concrete fo'= 4 ksi Rebar
Pedestal size 26" x 26”

Anchor bolt

F1554 Grade 36 1.25” dia

Seismic design category < C

Anchor reinforcement

Shear >

Provide built-up grout pad

2011-12-30 Rev 1.2.7

MPS

v My=35KIP-FT
_|[Vu=25KIPS
|4 i . al
o
ES Lo
O
V. = 25 kips
fy = 60 ksi
Hex Head het= 55” ha =60”

Tension = 2-No 8 ver. bar

2-layer, 2-leg No 4 hor. bar

Dongxiao Wu P. Eng.
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[¢)]

F
F
F
F

2
3.
4

ANCHOR BOLT DESIGN Combined Tension, Shear and Moment

Anchor bolt design based on

ACI 318-08 Building Code Requirements for Structural Concrete and Commentary Appendix D
PIP STE05121 Anchor Bolt Design Guide-2006

Assumptions
1.

Concrete is cracked

. Condition A - supplementary reinforcement is provided

Load combinations shall be as per ACI 318-08 Chapter 9 or ASCE 7-05 Chapter 2

. Anchor reinft strength is used to replace concrete tension / shear breakout strength as per
ACI318-08 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

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

. 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

. Shear carried by only half of total anchor bolts due to oversized holes in column base plate

Anchor Bolt Data

actored moment M, = 35.0 [kip-ft] =475

actored tension /compression N, = -10.0 [kips]  in compression = -44.5
actored shear V, = 25.0 [kips] =111.2
actored shear for design V, =25.0 [kips] V., =0 if shear key is provided

[kNm]
[kN]
[kN]

1of7

Code Abbreviation
ACI 318-08

PIP STE05121
Code Reference
ACI 318-08

D.4.4 (c)
D.4.4

D.5.29&D.6.2.9

D.3.1

AISC Design Guide 1

section 3.5.3

52
-
Py
52
-
Py
S2
-

— e o e e o] e

s

2 BOLT LINE 5 BOLT LINE 4 BOLT LINE

20

11-12-30 Rev 1.2.7

Page 24 of 157



CivilB ay www.civilbay.com

Concrete Anchorage Design v1.2.7 User Manual Dongxiao Wu P. Eng.
20f7
Code Reference
No of bolt line for resisting moment =| 2 Bolt Line vl
No of bolt along outermost bolt line =2
min required PIP STE05121
Outermost bolt line spacing s4 s1 = 16.0 [in] 5.0 OK Page A -1 Table 1
Outermost bolt line spacing s, sy = 16.0 [in] 5.0 OK
Internal bolt line spacing spq sp1 = 10.5 [in] 5.0 OK
Internal bolt line spacing sp» Sp2 = 0.0 [in] 5.0 OK
Column depth d =127 [in]
Concrete strength fe = 4.0 [ksi] =276 [MPa]
Anchor bolt material =| F1554 Grade 36 g
Anchor tensile strength fua = 58 [ksi] = 400 [MPa] ACI 318-08
Anchor is ductile steel element DA
Anchor bolt diameter dq =| 125 =| [in] =318 [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 = 55.0 [in] 15.0 OK Page A -1 Table 1
Pedestal height h = 60.0 [in] 58.0 OK
Pedestal width b, = 26.0 [in]
Pedestal depth d; = 26.0 [in]
Bolt edge distance c4 ci =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
<=min(0.5C1,0.3C2) <=min(0.5C1,0.3C2)
S 2 3 ] S
— S [} i . Al —k e | ° —K
o © o © ° ° o ©
N s | o—| S N /—4\ —
S 35° S LY 35° &
X v I %o 9
C4 ‘ S2 C2 C4 1 S2 C2
be be
Ver. Reinft For Tension Hor. Ties For Shear - 4 Legs Hor. Ties For Shear - 2 Legs
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%\\ Code Reference
‘ Mu
VU
= d
r 1
- <
g \\\\ /// ii * -
N ;/ & o o~ - Vu
< “ ?— ¢H:H¢
&)
dm
C1 ‘ S1 ‘ Cs C1 S1 Cs
de de
ACI 318-08
To be considered effective for resisting anchor tension, ver reinforcing bars shall be located RD.5.2.9
within 0.5h,; from the outmost anchor's centerline. In this design 0.5h; value is limited to 8 in.
0.5hg = 8.0 [in]
No of ver. rebar that are effective for resisting anchor tension n, =2
Ver. bar size No. I 8 "I: 1.000 [inldia  single bar area A, = 0.79 [in%]
To be considered effective for resisting anchor shear, hor. reinft shall be located RD.6.2.9
within min( 0.5c4, 0.3c, ) from the outmost anchor's centerline min(0.5¢c4, 0.3¢,) = 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 YI ?
Hor. tie bar size No. I 4 - l= 0.500 [in] dia single bar area A; = 0.20 [inz]
For anchor reinft shear breakout strength calc I 100% hor. tie bars develop full yield strength ll ?
suggest
Rebar yield strength f, =60 [ksi] 60 =414 [MPa]
Total no of anchor bolt n=4 S
~ ~Nbd
No of bolt carrying tension n =2 i ‘r.‘f —X
No of bolt carrying shear ng =2 | i, ©
For side-face blowout check use mbW@ _
No of bolt along width edge Npyw = 2 -
Anchor head type =| Hex i‘ ? = 1 Zz 1 =
Anchor effective cross sect area Ase = 0.969 [in] -
Bearing area of head Avrg = 1.817 fin’] Bolt No Input for Side—Face
Abrg [in?] not applicable Blowout Check Use
Bolt 1/8" (3mm) corrosion allowance =| No L| ?
Provide shear key ? =l No =| ? ACI 318-08
Seismic design category >= C =| No L| ? D.3.3.3
Provide built-up grout pad ? =| Yes=| ? D.6.1.3
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Strength reduction factors
Anchor reinforcement
Anchor rod - ductile steel

Concrete - condition A

Seismic Design Requirement

CACULATION
Anchor Tensile Force

Single bolt tensile force

Sum of bolt tensile force

Anchor Rod Tensile

Resistance

for ver. #8 bar

Actual development lenngth

Min tension development length

b5 = 0.75
ds = 0.75 dys = 0.65
o = 0.75 v = 0.75

CONCLUSION
Abchor Rod Embedment, Spacing and Edge Distance
Min Rquired Anchor Reinft. Development Length ratio = 0.25
Overall ratio = 0.89
Tension
Anchor Rod Tensile Resistance ratio = 0.29
Anchor Reinft Tensile Breakout Resistance ratio = 0.35
Anchor Pullout Resistance ratio = 0.31
Side Blowout Resistance ratio = 0.32
Shear
Anchor Rod Shear Resistance ratio = 0.71
Anchor Reinft Shear Breakout Resistance

Strut Bearing Strength ratio = 0.51

Tie Reinforcement ratio = 0.69
Conc. Pryout Not Govern When hg >= 12d,
Tension Shear Interaction
Tension Shear Interaction ratio = 0.89
Ductility

Tension  Non-ductile Shear  Ductile

SDC< C, ACI318-08 D.3.3 ductility requirement is NOT required

Anchor Reinft Tensile Breakout Resistance

T1 = 1242 [kips] No of bolt for Ty nyy = 2
T, =0.00 [kips] No of bolt for Tonr, = 0
T3 = 0.00 [kips] No of bolt for T3nz = 0
Ny = ZnT; =248
¢t,s Nsa = ¢t,s Asefuta =422
ratio = 0.29 > Ty
lg = = 47.4
|, = her-c (21in) - 8in x tan35 =474
> 12.0

OK
OK

OK
OK
OK
OK
OK
OK
OK
OK

OK

OK

OK

[kips]

[kips]

OK

[in]

[in]
OK

40f7
Code Reference
ACI 318-08
D.5.29&D.6.2.9
D.4.4(a)
D.4.4(c)

12.21

ACI 318-08
D.3.34

ACI 318-08

D.5.1.2 (D-3)

12.21,12.2.2,12.2.4

12.21
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50f7
<= <0.5hef Code Reference
3 8 in
© g
= e
35°
—_— ACI 318-08

Neor = &g Xy XNy X Ag X (I / 1y if 15 < 1) 71.0 [kips] 12.2.5
x 1.0 not applicable 71.0 [kips] D.3.3.3

ratio = 0.35 >Ny L

Seismic design strength reduction

Anchor Pullout Resistance

Single bolt pullout resistance N, = 8 Aygfe
Ncpr =¢ t,c an =¢ t,c Wc,p Np

58.1 [kips] D.5.3.4 (D-15)
40.7 [kips] D.5.3.1 (D-14)

Seismic design strength reduction = x 1.0 not applicable = 40.7 [kips] D.3.3.3
ratio = 0.31 > Ty OK
W.p = 1 for cracked conc D.5.3.6
¢c = 0.70 pullout strength is always Condition B D.4.4(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 Npww = N1 T4 =248 [kips] RD.5.4.2
¢ =min(cq,C3) = 5.0 [in]
Check if side blowout applicable hes = 55.0 [in]
> 2.5¢c 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 010 Nep = ¢, (160, /A, ) 4 JF, =512  [kips] D.5.4.1(D-17)

Multiple anchors SB resistance Ot cNepgw =

work as a group - applicable (1+s/ 6€) X ¢ Ngp 78.4 [kips] D.5.4.2 (D-18)

work individually - not applicable = Npw X ot Ngp X [1+(co 0rcy)/ ]/ 4 = 0.0 [kips] D.5.4.1
Seismic design strength reduction = x 1.0 not applicable =784 [kips] D.3.3.3
ratio = 0.32 > Npuw OK
B H Nsb r,w .
Group side blowout resistance & Nspg = dre —2n, =784 [kips]
Ny
Govern Tensile Resistance N, = ¢y min (ngNg, N, N Nog, Nepg ) =71.0 [kips]
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Note: Anchor bolt sleeve portion must be tape wrapped and grouted to resist shear Code Reference
ACI 318-08
Anchor Rod Shear $vs Vsa = ¢ vsNs 0.6 Age fipa = 43.8 [kips] D.6.1.2 (b) (D-20)
Resistance
Reduction due to built-up grout pads = x 0.8, applicable = 35.1 [kips] D.6.1.3
ratio = 0.71 >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
\/u/Z \/u/Z -
l i o S
<4 >< 00
- N
Tt Tt @-—-& Tt Tt < 5
/ \
Cs Cs _ b o
Ee) Sle)
/ \ =
s 0 @) O, ¥ - =
dn
Strut-and-Tie model geometry d, = 2.250 [in] d, = 2.250 [in]
0 =45 d; = 3.182 [in]
Strut compression force C;, = 0.5V,/sinb =17.7 [kips]
ACI 318-08
Strut Bearing Strength
Strut compressive strength fee = 0.85f1 =34 [ksi] A.3.2 (A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min( 8d,, he) =10.0 [in] D.6.2.2
Anchor bearing area Aprg = lox d, =125 [in]
Anchor bearing resistance Cr = Ny X st X foe X Aprg = 63.8 [Kips]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Apg = (I +1.5 x d;- d,/2 -dy/2) x dy = 13.6 [in?]
Ver bar bearing resistance Cr = st X foe X Aprg = 348 [kips]
ratio = 0.51 > Cq OK
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Tie Reinforcement

Total number of hor tie bar

Pull out resistance at hook

Single tie bar tension resistance

Total tie bar tension resistance

Seismic design strength reduction

Conc. Pryout Shear Resistance

Govern Shear Resistance

Tension Shear Interaction

Ductility Tension

Ductility Shear

Check if Ny >0.2¢ N, and V,>0.2¢ V,

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

=]
I

= Nigg (leg) x Niay (layer)
Th = ¢t,c 0.9 fc' €n da
e, =454d,

o
1

= ¢ x Ty X Ag

Vip =1.0xnxTr

x 1.0 not applicable
ratio = 0.69

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

12d, = 15.0 [in]

Vr = min ( ¢V,sVsa1 Vl'b)

Yes
N/ o N, +V,/ oV,
ratio = 0.89
Ors Nsg = 42.2 [kips]
>y Min ( Ny, Npn, Neog )
Non-ductile
dvs Vsa = 35.1 [kips]
< Vp
Ductile

hef

\%

* 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 ACI318-08 Eq. (D-16) as the max force can be developed at hook T},

3.0
2.250

9.0

36.0
36.0

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

55.0
12d,
35.1

1.06
1.2

40.7

36.0

70of7
Code Reference
ACl 318-08
[kips] D.5.3.5 (D-16)
[in]
[kips]
[kips]
[kips] D.3.3.3
OK
[in]
OK
[kips]
D.71&D.7.2
D.7.3 (D-32)
OK
[kips]
[kips]
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Dongxiao Wu P. Eng.

323 %5 kN
v My =47.4 kNm
™~
N
* Vu=111.2kN
SR . -
3 S uﬁ 2 2
w <
N > * =
N R
- N | i
-
127 406 127
660
My =47.4 kNm  N,=-44.5 kN (Compression) Vu=111.2 kN
Concrete fo=27.6 MPa Rebar f,=414 MPa
Pedestal size 660mm x 660mm
Anchor bolt F1554 Grade 36 1.25” dia Hex Head hef= 1397mm ha =1524mm

Seismic design Ie F2S4(0.2) < 0.35

Anchor reinforcement Tension 2> 2-25M ver. bar

Shear > 2-layer, 2-leg 15M hor. bar

Provide built-up grout pad
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ANCHOR BOLT DESIGN Combined Tension, Shear and Moment

Anchor bolt design based on

CSA-A23.3-04 (R2010) Design of Concrete Structures Annex D

ACI 318M-08 Metric Building Code Requirements for Structural Concrete and Commentary
PIP STE05121 Anchor Bolt Design Guide-2006

Assumptions

1. Concrete is cracked

2. Condition A - supplementary reinforcement is provided

3. Anchor reinft strength is used to replace concrete tension / shear breakout strength as per
ACI318 M-08 Appendix D clause D.5.2.9 and D.6.2.9

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

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

6. 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

7. 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

8. Shear carried by only half of total anchor bolts due to oversized holes in column base plate

Anchor Bolt Data

Factored moment M, = 474 [kNm] = 35.0
Factored tension /compression N, = -445 [kN] in compression =-10.0
Factored shear Vy = 111.2 [kN] =250
Factored shear for design Vy =111.2 [kN] V, = 0 if shear key is provided

1of7

Code Abbreviation
A23.3-04 (R2010)
ACI318 M-08

PIP STE05121

Code Reference

A23.3-04 (R2010)
D.5.4 (c)

ACI318 M-08
D.5.2.9&D.6.2.9

A23.3-04 (R2010)
D.4.1

AISC Design Guide 1

section 3.5.3

kip-ft]
[kips]
[kips]

o e o o fe e
-

Sz
3
+
S2
3
Y
Sz

2 BOLT LINE 5 BOLT LINE 4 BOLT LINE
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Code Reference
No of bolt line for resisting moment =| 2 Bolt Line vl
No of bolt along outermost bolt line =2
min required
Outermost bolt line spacing s¢ s, = 406 [mm] 127 OK PIP STE05121
Outermost bolt line spacing s» s, = 406 [mm] 127 OK Page A -1 Table 1
Internal bolt line spacing spq Sp1 = 267 [mm] 127 OK
Internal bolt line spacing sp» Sp2 = 0 [mm] 127 OK
Column depth d = 323 [mm]
Concrete strength fo =28 [MPa] =4.0 [ksi]
Anchor bolt material =| F1554 Grade 36 g
Anchor tensile strength fua = 58 [ksi] = 400 [MPa] A23.3-04 (R2010)
Anchor is ductile steel element D.2
Anchor bolt diameter d, =| 1.25 =| [in] =318 [mm]  PIP STE05121
Bolt sleeve diameter ds = 76 [mm] Page A -1 Table 1
Bolt sleeve height hy = 254 [mm]
min required
Anchor bolt embedment depth hes = 1397 [mm] 381 OK Page A -1 Table 1
Pedestal height h = 1524 [mm] 1473 OK
Pedestal width b, = 660 [mm]
Pedestal depth d. = 660 [mm]
Bolt edge distance ¢, cy =127 [mm] 127 OK Page A -1 Table 1
Bolt edge distance c, C, =127 [mm] 127 OK
Bolt edge distance c3 c3 =127 [mm] 127 OK
Bolt edge distance c, Cy = 127 [mm] 127 OK
<@T <=min(0.5C1,0.3C2) <=min(0.5C1.0.3C2)
T 9 } D\ m ﬁ_b
N [ 5 BT |
&) |
/ L * \| — K ¥ — K L J * —r
Q | e S o S ° o & S
] . —K N Jd| /K /—4\ —
\\ // 5 o 5 3 35° 5
e — b J J o o
ACI318-08
C4 1821 C2 C2 Cs 182 C2
be b
Ver. Reinft For Tension Hor. Ties For Shear - 4 Legs Hor. Ties For Shear - 2 Legs
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Hor. bar size

Rebar yield strength

Total no of anchor bolt

No of bolt carrying tension

No of bolt carrying shear

For side-face blowout check use
No of bolt along width edge

Anchor head type

Bearing area of head

Provide shear key ?

Provide built-up grout pad ?

Bolt 1/8" (3mm) corrosion allowance

No of tie layer that are effective to resist anchor shear
= 15 -
I 100% hor. tie bars develop full yield strength ll ?

dp

For anchor reinft shear breakout strength calc

fy

N

Ng

Now

Ase
Ab rg
Ab rg

Seismic region where IgF,S,(0.2)>=0.35

‘ My
[V
- d
r 1
N Ve <
= N p ° g1
AN e N
N e
e ! Ol H:H <Y
o »w
<= e . e
1)
dm
C+1 ‘ S+ ‘ Cs C S+ Cs3
‘ T
de de
To be considered effective for resisting anchor tension, ver reinforcing bars shall be located
within 0.5hg from the outmost anchor's centerline. In this design 0.5h¢ value is limited to 200mm.
0.5hs = 200 [mm]
No of ver. rebar that are effective for resisting anchor tension n, =2
Ver. bar size dy = I 25 vI single bar area A; = 500 [mm?]
To be considered effective for resisting anchor shear, hor. reinft shall be located
within min( 0.5c4, 0.3c, ) from the outmost anchor's centerline min(0.5c4, 0.3¢,) = 38 [mm]
No of tie leg that are effective to resist anchor shear Neg = 2 ?

Niay =| 2 YI ’7

single bar area A, = 200 [mm?]

:

3of7

Code Reference

ACI318 M-08
RD.5.2.9

RD.6.2.9

suggest
= 414 [MPa] 400 = 60.0 [ksi]
= 8
_ . ‘r:‘fmbd ol
- D o ©
ﬂbwj -
3}
=2
C4 ‘SZ‘ C2
=| Hex | ? .
=625 [mm?]
= 1172 [mm?] Bolt No Input for Side—Face
[mm?  not applicable Blowout Check Use
=l No L| ? A23.3-04 (R2010)
=l No =| 7
=[N =] 2 D.4.3.5
=| Yes=| ? D.7.1.3
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Code Reference
Strength reduction factors A23.3-04 (R2010)
Anchor reinforcement factor b0as = 0.75 D.7.2.9
Steel anchor resistance factor ¢0s = 0.85 8.4.3 (a)
Concrete resistance factor ¢, = 0.65 8.4.2

Resistance modification factors

Anchor rod - ductile steel Ris = 0.80 Rys = 0.75 D.5.4(a)
Concrete - condition A Ric = 1.15 Ryc = 1.15 D.5.4(c)
CONCLUSION
Abchor Rod Embedment, Spacing and Edge Distance OK
Min Rquired Anchor Reinft. Development Length ratio = 0.25 OK 12.21
Overall ratio = 0.90 OK
Tension
Anchor Rod Tensile Resistance ratio = 0.32 OK
Anchor Reinft Tensile Breakout Resistance ratio = 0.36 OK
Anchor Pullout Resistance ratio = 0.33 OK
Side Blowout Resistance ratio = 0.32 OK
Shear
Anchor Rod Shear Resistance ratio = 0.73 OK
Anchor Reinft Shear Breakout Resistance
Strut Bearing Strength ratio = 0.52 OK
Tie Reinforcement ratio = 0.45 OK
Conc. Pryout Not Govern When hy >= 12d, OK
Anchor Rod on Conc Bearing ratio = 0.27 OK
Tension Shear Interaction
Tension Shear Interaction ratio = 0.90 OK
Ductility A23.3-04 (R2010)
Tension  Non-ductile Shear Ductile
Seismic Design Requirement OK D.4.3.6

leFaSa(0.2)<0.35, A23.3-04 D.4.3.3 ductility requirement is NOT required

CACULATION
Anchor Tensile Force
Single bolt tensile force T, =552 [kN] No of bolt for Tynry = 2
T, = 0.0 [kN] No of bolt for Tonr, = 0
T3 = 0.0 [kN] No of bolt for T3ny; = 0
Sum of bolt tensile force Ny =2nT; = 110.3 [kN]
Anchor Rod Tensile Ngr = Age ds futa Res = 170.0 [kN] D.6.1.2 (D-3)
Resistance ratio = 0.32 > Ty OK

Anchor Reinft Tensile Breakout Resistance
Min tension development length ly = = 887 [mm] 12.2.3
for ver. 25M bar
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Actual development lenngth

<0.5het

200
E

c=50

Nef
la

_—

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

Group side blowout resistance

Govern Tensile Resistance

la

Nrbr

ratio

pr

Ncpr =

ratio

c.p
Rie

Nbuw

Nsbr,w

Nsbgr,w

ratio

Nsbgr =

= hgs- ¢ (50mm) - 200mm x tan35

= das X Ty XNy X Ag X (I3 / 14 if 15 <1g)

x 1.0 not applicable
= 0.36

= 8 Aurg 0 fe' Ric

¥ ep Nor

= x 1.0 not applicable
=0.33

= 1 for cracked conc
=1.00

= 1207
> 300

310.5
310.5

168.2
168.2
168.2
> Ty

pullout strength is always Condition B

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

= N7 T1 = 110.3
=min(cy, C3) =127
= 1397 [mm]
> 2.5c side bowout is applicable
= 406 [mm] s=s, = 406
< 6¢c edge anchors work as a group
= 13.3c,[A,, 4 f. Ry, = 227.1
= (1+s/ 6€) X Ngpr.w = 348.1
= Npw X Ngprw X [1+(co 0r c4)/ ] 1 4 = 0.0
= x 1.0 not applicable = 348.1
=0.32 > Nbuw
Nsbgr W

= =n =

n, 348.1
= min (n¢ Ng;, Nip, 1y Ncprv Nsbgr ) = 310.5

[mm]

OK

[kN]
[kN]
OK

[kN]

[kN]

[kN]
OK

[kN]

[mm]

[mm]

[kN]

[kN]

[kN]

[kN]

OK

[kN]

[kN]

50f7
Code Reference
A23.3-04 (R2010)
12.2.1

12.2.5
D.4.3.5

D.6.3.4 (D-16)
D.6.3.1 (D-15)
D.4.35

D.6.3.6

D.5.4(c)

ACI318 M-08

RD.5.4.2

A23.3-04 (R2010)
D.6.4.1

D.6.4.2
D.6.4.1 (D-18)

D.6.4.2 (D-19)
D.6.4.1
D.4.35
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6 of 7
Note: Anchor bolt sleeve portion must be tape wrapped and grouted to resist shear Code Reference
A23.3-04 (R2010)
Anchor Rod Shear Vo = Ng Age 05 0.6 o Ry s =191.2 [kN] D.7.1.2 (b) (D-21)
Resistance
Reduction due to built-up grout pads = x 0.8, applicable = 153.0 [kN] D.71.3
ratio = 0.73 >V, OK
Anchor Reinft Shear Breakout Resistance ACI318 M-08
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
Vo/2 /2 =
WP %
Tt Tt - Tt Tt < A
/ \
Cs Cs _ o
© 35
< /9 QO [® \b
dn
Strut-and-Tie model geometry d, = 57 [mm] d, = 57 [mm]
0 =45 d; = 81 [mm]
Strut compression force C;, = 0.5V,/sinb =786 [kN]
ACI318 M-08
Strut Bearing Strength
Strut compressive strength fee = 0.85f1 =235 [MPa] A.3.2 (A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min( 8d,, he) = 254 [mm] D.6.2.2
Anchor bearing area Abrg = lexd, = 8065 [mm?]
Anchor bearing resistance Cr = Ny X st X foe X Aprg = 283.8 [KN]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Apg = (I +1.5 x d;- d,/2 -dy/2) x dy = 8664 [mm?]
Ver bar bearing resistance Cr = st X foe X Aprg = 152.4 [kN]
ratio = 0.52 > Cq OK
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7of7
Code Reference
Tie Reinforcement
* 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 J-bolt as per A23.3-04 Annex D Eq. (D-17) as the max force can be developed at hook T,

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

A23.3-04 (R2010)
Total number of hor tie bar n = Nigg(leg) x ni, (layer) =4
Pull out resistance at hook Th = 0.9 ¢ endy Ric =16.3 [kN] D.6.3.5 (D-17)
e, = 4.54d, =68 [mm]

Single tie bar tension resistance Tr = das X fy X Ag = 62.1 [kN]
Total tie bar tension resistance Vipr = 1.0xnxTr = 2484 [kN]
Seismic design strength reduction = x 1.0 not applicable = 2484 [kN] D.4.3.5

ratio = 0.45 >V, OK

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

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

12d, = 381 [mm] het = 1397 [mm]
> 12d, OK CSA S16-09
Anchor Rod on Conc Bearing B, = ngx 1.4 X ¢ x Min(8d,, her) x dy x f' = 4051 [kN] 25.3.3.2
ratio = 0.27 <V, OK
Govern Shear Resistance V, = min (Vg, Vi, By = 153.0 [kN]
Tension Shear Interaction A23.3-04 (R2010)
Check if N;>0.2 N, and V,,>0.2 V, Yes D.8.2&D.8.3
NN, + Vy/V, = 1.08 D.8.4 (D-35)
ratio = 0.90 <12 OK
Ductility Tension Ng = 170.0 [kN]
> min ( Ny, Nepr, Nebgr ) = 168.2 [kN]
Non-ductile
Ductility Shear Vg = 153.0 [kN]
< min (Vy, By = 248.4 [kN]
Ductile
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Example 11: Anchor Bolt + No Anchor Reinft + Tension & Shear + ACI 318-08 Code

This example taken from Example 8 on page 71 of ACI 355.3R-11 Guide for Design of Anchorage to Concrete: Examples
Using ACI 318 Appendix D

[2in.
21n.
AN R

| 400000 L g i,
i €
I |
[din | TR

(a}

0.75in. » 12in. x 12 in.
base plate with
oversized holes

~— 1.5 in. non-shrink, #4 @ 12 in. slab
rmir. 3000 psi grout edge reinforcement

12,000 Ib

#5 continuous

perimeter bar _‘II 4000 b

T T / I."F
 Cug e ope e P | E——— X E—— =)
12in. /
i — Hairpins each way ‘!
(see example text) f
241n. &l L {
L] L] L]
(®) #5 continuous 1 -#4 @ 12 in. slab
perimeter bar - i’ edge reinforcement
]
o [ f;ﬂ_T ; 'ril-i-M d?ﬁl“ﬂ
- G 7] ] |
Iy ‘\ -a i ;
Ei SN E s e
»
& 0+ s llers | <
H ‘\ . Hairpins each way E £ ; E
. ,,3‘(‘/ (see example text) ! | E
L, E [ |
[ ]
] ‘\ E 8 i
i %o i E 1 E
: A | i — A4 i
(c} (d)
Ny = 12 kips (tension), V=4 Kips, fo = 3 ksi
Anchor bolt d;=3/4 in ASTM F1554 Grade 55 hef =12 in ha=24 in Anchor head - Hex
Supplementary reinforcement Tension - Condition B Shear > Condition A W,y =1.2
Provide built-up grout pad Seismic is not a consideration

Field welded plate washers to base plate at each anchor
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ANCHOR BOLT DESIGN

Anchor bolt design based on

Anchor Bolt Data

Combined Tension and Shear

ACI 318-08 Building Code Requirements for Structural Concrete and Commentary Appendix D
PIP STE05121 Anchor Bolt Design Guide-2006

set N, = 0 if it's compression

f
O
N
wn
.
O
&
o

Factored tension for design N, = 12.0 [kips] = 53.4 [kN]
Factored shear V, = 4.0 [kips] =17.8 [kN]
Factored shear for design V, =40 [kips] V., =0 if shear key is provided
Concrete strength fe = 3.0 [ksi] = 20.7 [MPa]
Anchor bolt material I F1554 Grade 55 ;I
Anchor tensile strength fua = 75 [ksi] = 517 [MPa]
Anchor is ductile steel element
Anchor bolt diameter d, =| 0.75 =| [in] =191 [mm]
Bolt sleeve diameter ds =20 [in]
Bolt sleeve height hs = 7.0 [in]
min required
Anchor bolt embedment depth het = 12.0 [in] 9.0 OK
Concrete thickness h, = 24.0 [in] 15.0 OK
Bolt edge distance c, c1 =4.0 [in] 4.5 Warn
Bolt edge distance ¢, c, =4.0 [in] 45 Warn
Bolt edge distance c; c; = 100.0 [in] 4.5 OK
Bolt edge distance c, ¢, = 100.0 [in] 4.5 OK
¢; > 1.5h; for at least two edges to avoid reducing of hg; when N, > 0 Yes
Adjusted hg for design hes = 12.00 [in] 9.0 OK
Outermost bolt line spacing s¢ s1 =8.0 [in] 3.0 OK
Outermost bolt line spacing so s, = 8.0 [in] 3.0 OK
ﬂﬂ min(c,1 .6hef)<081@m'n(oz, 1.5her)
[
]
e \\\\ //// S An g
e +° LA S
S8 I 1 5
> + 4 —
e ls C3 S £
T —
de =
=
=

1of7

Code Abbreviation
ACI 318-08
PIP STE05121

Code Reference

ACI 318-08

D.1

PIP STE05121
Page A -1 Table 1

Page A -1 Table 1

Page A -1 Table 1

ACI 318-08
D.523

D.5.2.3

PIP STE05121
Page A -1 Table 1
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20of 7
Number of bolt at bolt line 1 ng =2
Number of bolt at bolt line 2 n, =2
Number of bolt carrying tension n =4 - Nbd S
Oversized holes in base plate ? =| No =| ? ¢ m 7(;7 s
Number of bolt carrying shear ng =4 @ N
For side-face blowout check use o - P
No of bolt along width edge Npyw = 2
No of bolt along depth edge Ny = 2 Cca ‘ . ‘ s
I be I
Anchor head type =| Hex g ?
Anchor effective cross sect area Ase = 0.334 [in?] Bolt No Input for Side—Face
Bearing area of head Agg = 0.654  [in] Blowout Check Use
Avrg [in]  notapplicable

Bolt 1/8" (3mm) corrosion allowance No =| ? Code Reference
Provide shear key ? No =| ? ACI 318-08
Seismic design category >= C No = | ? D.3.3.3
Supplementary reinforcement

For tension No = | Condition B D.4.4 (c)

For shear Y.v =| 1.2 *| Condition A ? D.6.2.7
Provide built-up grout pad ? Yes=| ? D.6.1.3
Strength reduction factors
Anchor reinforcement ¢os = 0.75 D.5.2.9&D.6.2.9
Anchor rod - ductile steel ds = 0.75 ¢ys = 0.65 D.4.4 (a)
Concrete dc = 0.70 Cdn-B ¢y = 0.75 Cdn-A D.4.4 (c)
Assumptions
1. Concrete is cracked
2. Condition B - no supplementary reinforcement provided D.4.4 (c)
3. Load combinations shall be per ACI 318-08 Chapter 9 or ASCE 7-05 Chapter 2 D.4.4
4. Tensile load acts through center of bolt group W,y =1.0 D.5.2.4
5. Shear load acts through center of bolt group ¥y =1.0 D.6.2.5
6. 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
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CONCLUSION

Abchor Rod Embedment, Spacing and Edge Distance

Overall ratio
Tension

Anchor Rod Tensile Resistance ratio
Conc. Tensile Breakout Resistance ratio
Anchor Pullout Resistance ratio
Side Blowout Resistance ratio
Shear

Anchor Rod Shear Resistance ratio
Conc. Shear Breakout Resistance ratio
Conc. Pryout Shear Resistance ratio

Tension Shear Interaction

Tension Shear Interaction ratio

Ductility
Tension  Non-ductile Shear

Seismic Design Requirement

CALCULATION
Anchor Rod Tensile OtsNsa = 0 ts N Ase futa
Resistance ratio = 0.16

Conc. Tensile Breakout Resistance
N, =24 4 f. hL® if h, <11" or h, > 25"

16 1 \/? h3/® if 11"<h, < 25"

Projected conc failure area 1.5hgs

Anc [s4+min(c4,1.5hg)+min(cs,1.5hg)]x

[so+min(Cy,1.5hgs)+min(Cy,1.5h)]
ANco = 9 hef2

ANc = min (Ach Nt ANco)

Min edge distance Cmin = MIN( Cy, Cz, C3, C4 )
Eccentricity effects Ween = 1.0 for no eccentric load
Edge effects Wean = min[ (0.7+0.3¢in/1.5h¢), 1.0 ]
Concrete cracking W.n = 1.0 for cracked concrete
Concrete splitting Wepn = 1.0 for cast-in anchor

SDC< C, ACI318-08 D.3.3 ductility requirement is NOT required

Warn

0.83 OK
0.16 OK
0.58 OK
0.27 OK
0.23 OK
0.13 OK
0.41 oK
0.10 OK
0.83 OK
Non-ductile

OK
75.2 [kips]
N, oK
55.1 [kips]
18.00  [in]
900.0  [in?
1296.0  [in}
900.0  [in?
4.0 [in]
0.77

D.3.34

Code Reference
ACI 318-08

D.5.1.2

D.5.2.2
D.5.2.2

D.5.2.1
D.5.2.1

D.5.2.4
D.5.25
D.5.2.6
D.5.2.7

3of7

(D-3)

(D-7)
(D-8)

(D-6)
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Code Reference
ACI 318-08
A
Concrete breakout resistance dtc Neog = D ﬁqjec,w Wean Pen Poon Np =205 [kips] D.5.2.1 (D-5)
Nco
Seismic design strength reduction = x 1.0 not applicable = 20.5 [kips] D.3.3.3
ratio = 0.58 > Ny OK
Anchor Pullout Resistance
Single bolt pullout resistance Ny = 8 Apg fe' =157 [kips] D.5.3.4 (D-15)

0 reNon = &0 M WopN, 43.9 [kips] D.5.3.1 (D-14)

Seismic design strength reduction = x 1.0 not applicable = 43.9 [kips] D.3.3.3
ratio = 0.27 > N, OK
Wep = 1 for cracked conc D.5.3.6
¢ = 0.70 pullout strength is always Condition B D.4.4(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 Npww = Ny X gy, / 0y =6.0 [kips] RD.5.4.2
c =min(cy,C3) =4.0 [in]
Check if side blowout applicable hes = 12.0 [in]
> 2.5¢c side bowout is applicable D.5.4.1
Check if edge anchors work as a Sy, = 8.0 [in] s=s, = 8.0 [in]
a group or work individually < 6¢c edge anchors work as a group D.5.4.2
Single anchor SB resistance drc Nop = ¢y (1600 Apyg ) A \/E =19.8 [kips] D.5.4.1 (D-17)

Multiple anchors SB resistance &t cNspgw =

work as a group - applicable = (1+s/ 6¢C) X dyc Ngp

26.5 [kips] D.5.4.2 (D-18)
0.0 [kips] D.5.4.1

x 1.0 not applicable 26.5 [kips] D.3.3.3

0.23 > Npuw OK

work individually - not applicable Npw X Grc Ngp X [1+(Co 0r Cq)/ €] / 4

Seismic design strength reduction

ratio

Failure Along Pedestal Depth Edge

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

along pedestal depth edge Npug = Ny X Npg / ng = 6.0 [kips] RD.5.4.2
c =min(cy Cy) =4.0 [in]
Check if side blowout applicable hes = 12.0 [in]
> 2.5¢c side bowout is applicable D.5.4.1
Check if edge anchors work as a s11 = 8.0 [in] s=sy =8.0 [in]
a group or work individually < 6¢c edge anchors work as a group D.5.4.2
Single anchor SB resistance drc Nop = ¢y (1600 Apyg ) A \/E =19.8 [kips] D.5.4.1 (D-17)

Multiple anchors SB resistance &t cNspgd =

work as a group - applicable = (1+s/ 6¢C) X dyc Ngp

26.5 [kips] D.5.4.2 (D-18)
0.0 [kips] D.5.4.1

x 1.0 not applicable 26.5 [kips] D.3.3.3

ratio = 0.23 > Npug OK

work individually - not applicable Npa X ¢t c Ngp X [1+(cq Orc3)/ c] / 4

Seismic design strength reduction
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Anchor Rod Shear

Resistance

Group side blowout resistance

Govern Tensile Resistance

¢l,c Nsbg

N;

sbg,w sbg,d

Pro min[

N N
—¥p, —n,
r.]bw nbd

min [¢t,s Nsa! ¢t.c (Ncbgv anv Nsbg)]

¢V,S Vsa = ¢ v,s nS 0'6 Ase futa

Reduction due to built-up grout pads

ratio

Conc. Shear Breakout Resistance

Vu

-

x 0.8 , applicable
0.13

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

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

=529

= 20.5

= 39.1

=313

[kips]

[kips]

[kips]

[kips]
OK

O
©
tyﬁ . )
- = ! O N S
< J/ = Vu/2 Mode 3
— / = Vu/ 4N Mode 1
- / K | % ¢
o / (s} o~ o
e // Ol n H:H (%)
~— o |- 4
; - Vu/4l Mode 1
O ~
o lsi] o s v/u//é Mode 3 S
T T -
de L C l S l Cs
= T
£ de
Bolt edge distance cy = =4.0 [in]
Limiting ¢,y when anchors are influenced by 3 or more edges = No
Bolt edge distance - adjusted c; = cal needs NOT to be adjusted =4.0 [in]
Cy = =40 [in]
1.5¢c4 = = 6.0 [in]
Ay. = [min(cy,1.5¢4) + s, + min(c,,1.5¢4)] x = 108.0 [in?]
min(1.5¢c4, hy)
Avco = 4.5 =720 [in’]
Ave = min (Aye, Ny Aygo) =108.0  [in}
le = min(8d,, he) = 6.0 [in]
| 0.2
v, = Hdej ﬁ} NS = 4.0 [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] = 0.90
Concrete cracking Wey = =1.20
Member thickness W, = max[ (sqrt(1.5¢c4 / h,), 1.0] =1.00

Code Reference
ACl 318-08

D.6.1.2 (b) (D-20)

D.6.1.3

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

D.6.2.4

D.6.2.4

D.6.2.1

D.6.2.1 (D-23)
D.6.2.1

D.6.2.2

D.6.2.2 (D-24)

D.6.2.5

D.6.2.6

D.6.2.7
D.6.2.8

50f7
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6 of 7
Code Reference
Conc shear breakout ACI 318-08
A
resistance Vegt = &y ﬁTec,V Woou Pou v Vs =49 [kips] D.6.2.1 (D-22)
Vco
Mode 1 is used for checking Vebgr = Vobgt x 2.0 = 9.8 [kips]

Mode 2 Failure cone at back anchors

Vu
-
3 N
0 N Cal
T N
: ! ) AN S
= - N N
O / = N
f / Eﬁ% + \kviu/z
E Ao e —] 5
N /
= / = MRV,
- Q // 3
C1 l S i Cs f /
T T =
de < o sl o
< T T
c de Code Reference
ACI 318-08
Bolt edge distance Ca1 = Cq + 84 =120 [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 =12.0 [in] D.6.24
cy = 4.0 [in]
1.5c4 = 18.0 [in]

Ave = [Min(cz,1.5C41) + S5 + Min(cy,1.5C41)] X
min(1.5¢,4, hy)
Aveo = 4-50312

Ave = min (Ave, N2 Aveo)

540.0  [in? D.6.2.1

648.0  [inY]  D.6.2.1(D-23)
5400 [in]  D.6.2.1

le = min( 8d,, ht) = 6.0 [in] D.6.2.2
| 0.2
V, = Hdej \/E} z\/f cls = 20.9 [kips] D.6.2.2 (D-24)
Eccentricity effects Weev = 1.0 shear acts through center of group D.6.2.5
Edge effects Wegy = min[ (0.7+0.3¢,/1.5¢,¢), 1.0] = 0.77 D.6.2.6
Concrete cracking Yoy = =1.20 D.6.2.7
Member thickness W, = max] (sqrt(1.5¢c,1 / hy), 1.01] = 1.00 D.6.2.8
Conc shear breakout
A
resistance Vebge = &y ﬁ‘l’eo.v Yeuv You Yoy Vo =12.0 [kips] D.6.2.1 (D-22)
Vco
Min shear breakout resistance Veog = MiN (Vengt » Vopge ) =98 [kips]
Seismic design strength reduction = x 1.0 not applicable =938 [kips] D.3.3.3
ratio = 0.41 >V, OK
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Conc. Pryout Shear Resistance
kep = 2.0

Factored shear pryout resistance ¢y ¢ Vopg = v,c Kep Neog

Seismic design strength reduction x 1.0 not applicable

ratio = 0.10

Govern Shear Resistance

<
I

min [ ¢v,svsav ¢’v,c (Vcbgv chg ) ]

Tension Shear Interaction
Check if Ny >0.2¢ N, and V,>0.2¢ V,, Yes
Nu/ ¢ Ny + Vil oV,
ratio = 0.83

Ductility Tension
¢t,s Nsa =752 [klpS]
¢t,c min (Ncbg, an‘ Nsbg)
Non-ductile

\

Ductility Shear
dys Vsa = 31.3 [kips]
> ¢v,c min (Vcbg: chg )

Non-ductile

>

411

dyve = 0.70 pryout strength is always Condition B

41.1
Vy

9.8

0.99
1.2

20.5

9.8

[kips]

[kips]
oK

[kips]

OK

[kips]

[kips]

7of7
Code Reference
ACI 318-08
D.6.3
D.6.3 (D-31)
D.4.4(c)

D.3.3.3

D.7.1 & D.7.2
D.7.3 (D-32)
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Example 12: Anchor Bolt + No Anchor Reinft + Tension & Shear + CSA A23.3-04 Code

This example taken from Example 8 on page 71 of ACI 355.3R-11 Guide for Design of Anchorage to Concrete: Examples
Using ACI 318 Appendix D

[2in.
21n.
AN R

| 400000 L g i,
i €
I |
[din | TR

(a}

0.75in. » 12in. x 12 in.
base plate with
oversized holes

~— 1.5 in. non-shrink, #4 @ 12 in. slab
rmir. 3000 psi grout edge reinforcement

12,000 Ib

#5 continuous

perimeter bar _‘II 4000 b

I 1 /
ﬁ / .ll
H 1§ DN T—n S—— P | E——— X E—— =
; {
12in.
— Hairpins each way ‘!
(see example text) f
241n. &l L {
L] L] L]
(®) #5 continuous 1 -#4 @ 12 in. slab
perimeter bar - i’ edge reinforcement
]
o [ m_T ; 'ril-i-M d?ﬁl“ﬂ
g e/ | |
Iy ‘\ -a ¥
PN et
I b i
:l . \f g L E ] E E —
H ‘\ . Hairpins each way E £ ; E
. ,,3‘(‘/ (see example text) ! | E
N E | E
] ‘\ E 8 i
i %o i E 1 E
H A | i - A4 i
(c} (d)
Ny = 53.4 kN (tension), V,=17.8 kN, f¢ =20.7 MPa
Anchor bolt d;=3/4 in ASTM F1554 Grade 55 hesf =305mm hy;=610mm Anchor head - Hex
Supplementary reinforcement Tension - Condition B Shear > Condition A W,y =1.2
Provide built-up grout pad Seismic is not a consideration

Field welded plate washers to base plate at each anchor
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ANCHOR BOLT DESIGN

Anchor bolt design based on

Anchor Bolt Data

Combined Tension and Shear

CSA-A23.3-04 (R2010) Design of Concrete Structures Annex D
PIP STE05121 Anchor Bolt Design Guide-2006

set N, = 0 if it's compression

[kips]
[kips]

[ksi]

[MPa]

[mm]

Factored tension for design N, = 534 [kN] =120
Factored shear V, =17.8 [kN] =40
Factored shear for design V, =178 [kN] V, = 0 if shear key is provided
Concrete strength fo =21 [MPa] =3.0
Anchor bolt material =| F1554 Grade 55 L“
Anchor tensile strength fua = 75 [ksi] = 517
Anchor is ductile steel element
Anchor bolt diameter d, =| 0.75 VI [in] =191
Bolt sleeve diameter ds = 51 [mm]
Bolt sleeve height hs = 178 [mm]
min required

Anchor bolt embedment depth hes = 305 [mm] 229 OK
Concrete thickness h, = 610 [mm] 381 OK
Bolt edge distance c4 cy =102 [mm] 114 Warn
Bolt edge distance ¢, c, = 102 [mm] 114 Warn
Bolt edge distance c3 c; = 2540 [mm] 114 OK
Bolt edge distance c, c, = 2540 [mm] 114 OK
¢; > 1.5h; for at least two edges to avoid reducing of hg; when N, > 0 Yes
Adjusted hg for design hes = 305 [mm] 229 OK
Outermost bolt line spacing s4 s; = 203 [mm] 76 OK
Outermost bolt line spacing s» s, = 203 [mm] 76 OK

A‘ - m‘n(cﬂbhef)CDSw@m'm(cJ,W‘5hef>

[
S Y : S A
-~ SO ~ A A
= - - + .+
SR v
Ci l St l S
T T
de

f
Q
Z2—
N
Z2—
O
o
N

min(cy,1.5net) | s2 |min(cs, 1 Bher)

1of7

Code Abbreviation
A23.3-04 (R2010)
PIP STE05121

Code Reference

A23.3-04 (R2010)
D.2

PIP STE05121
Page A -1 Table 1

Page A -1 Table 1

Page A -1 Table 1

A23.3-04 (R2010)
D.6.2.3

D.6.2.3

PIP STE05121
Page A -1 Table 1
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Number of bolt at bolt line 1 ng =2

Number of bolt at bolt line 2 n, =2 S

Number of bolt carrying tension n =4 ° ‘r:‘f e -

Oversized holes in base plate ? =| No = | ? ﬁ l, bo

Number of bolt carrying shear ng =4 Mow - _

For side-face blowout check use -

No of bolt along width edge Npw = 2 s ‘ < ‘ o
No of bolt along depth edge Npg = 2 I be !
Anchor head type =| Hex EI ?
Ase =215 [mm?] Bolt No Input for Side—Face
Bearing area of head Apg = 422 [mm?] Blowout Check Use
Abrg [mm?] not applicable
Bolt 1/8" (3mm) corrosion allowance =| No L| ? Code Reference
Provide shear key ? =l No =| 7 A23.3-04 (R2010)
Seismic region where IcF,S,(0.2)>=0.35  =| No ¥ 2 D.4.3.5
Supplementary reinforcement
For tension =| No =| Condition B D.5.4 (c)
For shear Y.v =| 1.2 =| Condition A ? D.7.2.7
Provide built-up grout pad ? =| Yes=| ? D.71.3

Strength reduction factors

Anchor reinforcement factor s = 0.75 D.7.2.9
Steel anchor resistance factor ¢s = 0.85 8.4.3 (a)
Concrete resistance factor o, = 0.65 8.4.2
Resistance modification factors

Anchor rod - ductile steel Ris = 0.80 Rys = 0.75 D.5.4(a)
Concrete Ric = 1.00 Cdn-B Ryc = 1.15 Cdn-A D.5.4(c)
Assumptions

1. Concrete is cracked

2. Condition B for tension - no supplementary reinforcement provided D.5.4 (c)
3. Tensile load acts through center of bolt group Wecn =1.0 D.6.2.4
4. Shear load acts through center of bolt group Wecy =1.0 D.7.2.5
5. 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
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CONCLUSION
Abchor Rod Embedment, Spacing and Edge Distance Warn
Overall ratio = 0.86 OK
Tension
Anchor Rod Tensile Resistance ratio = 0.18 OK
Conc. Tensile Breakout Resistance ratio = 0.62 OK
Anchor Pullout Resistance ratio = 0.29 OK
Side Blowout Resistance ratio = 0.24 OK
Shear
Anchor Rod Shear Resistance ratio = 0.13 OK
Conc. Shear Breakout Resistance ratio = 0.41 OK
Conc. Pryout Shear Resistance ratio = 0.10 OK
Anchor Rod on Conc Bearing ratio = 0.08 OK
Tension Shear Interaction
Tension Shear Interaction ratio = 0.86 OK
Ductility
Tension  Non-ductile Shear  Non-ductile

Seismic Design Requirement OK
leFaSa(0.2)<0.35, A23.3-04 D.4.3.3 ductility requirement is NOT required
CALCULATION
Anchor Rod Tensile Ngr = Ny Age ¢ futa Ris = 3031 [kN]
Resistance ratio = 0.18 > Ny OK
Conc. Tensile Breakout Resistance

Ny, =10 ¢ \/f7 hi® R, if hy <275 or hy > 625

3.9 ¢, |f, h3R,,if 275 <h,, <625
=160.5  [kN]

Projected conc failure area 1.5hg = = 458 [mm]

Ane = [s1tmin(cy,1.5her)+tmin(cs, 1.5he)]x = 5.8E+05 [mm?]

[so+min(c,,1.5hgs)+min(cy,1.5h¢)]

Anco = 9 hef = 8.4E+05 [mm?]

Ane = min (Aner Nt Anco ) = 58E+05 [mm?
Min edge distance Cmin = MiN( 4, Cy, C3, C4 ) =102 [mm]
Eccentricity effects Ween = 1.0 for no eccentric load
Edge effects Wean = min[ (0.7+0.3Cmin/1.5h¢y), 1.0 ] = 0.77
Concrete cracking W.n = 1.0 for cracked concrete
Concrete splitting Wepn = 1.0 for cast-in anchor

D.4.3.6

Code Reference
A23.3-04 (R2010)

D.6.1.2

D.6.2.2
D.6.2.2

D.6.2.1
D.6.2.1

D.6.2.4
D.6.2.5
D.6.2.6
D.6.2.7

3of7

(D-3)

(D-7)
(D-8)

(D-6)
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40f7
Code Reference
A23.3-04 (R2010)
A
Concrete breakout resistance Nepgr = 7% Peorn Pean Pon oo Nor = 85.5 [kN]  D.6.2.1 (D-5)
Nco
Seismic design strength reduction = x 1.0 not applicable = 85.5 [kN] D.4.3.5
ratio = 0.62 > Ny OK
Anchor Pullout Resistance
Single bolt pullout resistance Npr = 8 Aprg 0 ' Ric = 46.1 [kN] D.6.3.4 (D-16)

Nepr = N Wop Noy 1843 [kN]  D.6.3.1 (D-15)

Seismic design strength reduction = x 1.0 not applicable = 184.3 [kN] D.4.3.5
ratio = 0.29 > N, OK
Wep = 1 for cracked conc D.6.3.6
Ric = 1.00 pullout strength is always Condition B D.5.4(c)

Side Blowout Resistance
Failure Along Pedestal Width Edge

Tensile load carried by anchors close to edge which may cause side-face blowout ACI318 M-08
along pedestal width edge Npww = Ny X gy, / 0y = 26.7 [kN] RD.5.4.2
c =min(cy,C3) =102 [mm]
Check if side blowout applicable hes = 305 [mm] A23.3-04 (R2010)
> 2.5¢c side bowout is applicable D.6.4.1
Check if edge anchors work as a Sy, = 203 [mm] s=s, = 203 [mm]
a group or work individually < 6¢c edge anchors work as a group D.6.4.2
Single anchor SB resistance Neprw = 13.30% &, \/ﬁ Ric = 83.0 [kN] D.6.4.1 (D-18)
Multiple anchors SB resistance Nebgrw =

(1+s/ 6¢) X Ngpr.w

work as a group - applicable 110.5 [kN] D.6.4.2 (D-19)

work individually - not applicable = Npw X Ngprw X [1#(Co 0r c4)/ ] 1 4 = 0.0 [kN] D.6.4.1
Seismic design strength reduction = x 1.0 not applicable =110.5 [kN] D.4.3.5
ratio = 0.24 > Nouw OK
Failure Along Pedestal Depth Edge
Tensile load carried by anchors close to edge which may cause side-face blowout ACI318 M-08
along pedestal depth edge Nbug = Ny X npg / ng = 26.7 [kN] RD.5.4.2
c =min(cy Cy) =102 [mm]
Check if side blowout applicable hes = 305 [mm] A23.3-04 (R2010)
> 2.5¢c side bowout is applicable D.6.4.1
Check if edge anchors work as a sq11 = 203 [mm] s=sy = 203 [mm]
a group or work individually < 6¢c edge anchors work as a group D.6.4.2
Single anchor SB resistance Nspra = 13.30% &, \/ﬁ Ric = 83.0 [kN] D.6.4.1 (D-18)
Multiple anchors SB resistance Nebgra =
work as a group - applicable = (1+s/ 6¢) X ¢ c Ngpr = 110.5 [kN] D.6.4.2 (D-19)
work individually - not applicable = Npg X Ngpr g X [1+(cq Or c3)/ c] / 4 = 0.0 [kN] D.6.4.1
Seismic design strength reduction = x 1.0 not applicable =110.5 [kN] D.4.3.5
ratio = 0.24 > Npug OK
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Anchor Rod Shear

Resistance

Group side blowout resistance

Govern Tensile Resistance

Reduction due to built-up grout pads

Conc. Shear Breakout Resistance

Nsbgr

N;

min ( Nsrv Nrbrv Ncpr! Nsbgr )

Vsr = Ng Ase ¢s 0.6 futa Rv.s

ratio

x 0.8 , applicable
0.13

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

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

2211

= 85.5

170.5

136.4

[kN]

[kN]

[kN]

[kN]
OK

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

-

=
2
tyﬁ . }
- = : O N S
S Y = Vu/2 Mode 3
_ ,/ c Vo/4[x Mode 1
- / K | % &
o / (s} ~ o~
e // Ol n H:H (%)
~— o |- 4
; - Vu/4l2 Mode 1
O ~
o lsi] o s v/u//é Mode 3 S
T T —
de L C l S l Cs
= T
£ de
Bolt edge distance cy = =102 [mm]
Limiting ¢,y when anchors are influenced by 3 or more edges = No
Bolt edge distance - adjusted c; = cal needs NOT to be adjusted = 102 [mm]
C, = =102 [mm]
1.5¢;, = = 153 [mm]
Ay. = [min(cy,1.5¢4) + s, + min(c,,1.5¢4)] x = 7.0E+04 [mm?
min(1.5¢4, h,)
Aveo = 4.5¢,° = 47E+04 [mm?]
Ave = min (Ave, N3 Avgo) = 7.0E+04 [mm?|
le = min(8d,, he) =152 [mm]
| 0.2
Vir = o.ss[diJ Jd, ¢\/f7 c*R,, =135 [kN]
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 Wey = =1.20
Member thickness W, = max[ (sqrt(1.5¢c4 / h,), 1.0] =1.00

50f7
Code Reference
A23.3-04 (R2010)

D.7.1.2 (b) (D-21)

D.71.3

A23.3-04 (R2010)

D.7.2.4

D.7.2.4

D.7.2.1

D.7.2.1 (D-24)
D.7.2.1

D.3

D.7.2.2 (D-25)

D.7.25

D.7.2.6

D.7.2.7
D.7.2.8
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Conc shear breakout

A
resistance Vergrt = =Yooy Peav Pou Pov Vir =219
Vco
Mode 1 is used for checking Vebgrt = Vgt x2.0 = 43.8
Mode 2 Failure cone at back anchors
Vu
-
3 N
0 N Col
t” N <~
: ! ) AN S
= ~ N
S / < N
= / gL + a2
= / 3 & % A
N /
= / CS% * /” Vu; 2
- Q // S
Ca l S i Cs f /
T T =
de < o s o
= T T
£ de
Bolt edge distance Ca1 = Cq + 84 = 305
Limiting c,4 when anchors are influenced by 3 or more edges = No
Bolt edge distance - adjusted Ca1 = cal needs NOT to be adjusted = 305
Cy = 102
1.5c41 = 458
Aye = [min(c,,1.5¢C41) + s, + min(cy,1.5¢,¢)] X = 3.5E+05
min(1.5¢,4, h,)
Aveo = 4.5c,° = 4.2E+05
Ave = min (Ave, N2 Aveo) = 3.5E+05
le = min(8d,, het) = 152
| 0.2
Vi = o.ss[dij V& afE oBR,, = 70.0
Eccentricity effects Weev = 1.0 shear acts through center of group
Edge effects Wegy = min[ (0.7+0.3¢,/1.5¢,¢), 1.0] =0.77
Concrete cracking Yoy = =1.20
Member thickness W, = max] (sqrt(1.5¢c,1 / hy), 1.01] = 1.00
Conc shear breakout
A
resistance Verge =~ Peev Peav Pov Prv Vir = 537
Vco
Min shear breakout resistance Voogr = MiN ( Veogrr » Vobgra ) = 43.8
Seismic design strength reduction = x 1.0 not applicable =43.8
ratio = 0.41 >V,

[kN]

[kN]

[mm]
[mm]
[mm]
[mm]

[mm?]

[mm?]

[mm?]
[mm]

[kN]

[kN]

[kN]

[kN]
OK

60of7
Code Reference
A23.3-04 (R2010)
D.7.2.1 (D-23)

A23.3-04 (R2010)

D.7.2.4

D.7.2.4

D.7.2.1

D.7.2.1 (D-24)
D.7.2.1

D.3
D.7.2.2 (D-25)
D.7.25
D.7.2.6
D.7.2.7

D.7.2.8

D.7.2.1 (D-23)

D.4.3.5
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Code Reference
Conc. Pryout Shear Resistance A23.3-04 (R2010)
kep = 2.0 D.7.3
Factored shear pryout resistance Vepgr = Kop Noogr =171.0 [kN] D.7.3 (D-32)
Ryc = 1.00 pryout strength is always Condition B D.5.4(c)
Seismic design strength reduction = x 1.0 not applicable =171.0 [kN] D.4.3.5
ratio = 0.10 >V, OK
CSA S16-09
Anchor Rod on Conc Bearing B, = ng X 1.4 X ¢c x min(8d,, her) X dg x f' = 2219 [kN] 25.3.3.2
ratio = 0.08 >V, OK
Govern Shear Resistance V; = min ( Vg, Veogn Vepgrs Br) = 43.8 [kN]
A23.3-04 (R2010)
Tension Shear Interaction
Check if N, >0.2 N, and V,>0.2 V, Yes D.8.2&D.8.3
Nu/N; + V/V, = 1.03 D.8.4 (D-35)
ratio = 0.86 <12 OK
Ductility Tension
Ng: = 3031 [kN]
> min (Neogr, Nepr, Nsbgr) = 85.5 [kN]
Non-ductile
Ductility Shear
Vg = 1364 [kN]
> min (Vobgr, Vepgr Br) = 43.8 [kN]
Non-ductile
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Example 13: Anchor Bolt + No Anchor Reinft + Tension Shear & Moment + ACI 318-08 Code

MPS
v

Mu=25KIP-FT
197 - Vu="10|KIPS
7 . % . V|
. o+ o e
- <
© ﬂ%* o
oy <>
+— LR R = S
i@ 8]
6 16"
M, = 25 kip-ft Ny= 10 kips (Compression) V, =10 kips
Concrete fo'= 5 ksi
Anchor bolt F1554 Grade 36 1.25” dia Heavy Hex Head hef= 16" ha =20”
Oversized holes in base plate
Seismic design category < C
Supplementary reinforcement Tension > Condition A

Shear = Condition A Yev =1.2
Provide built-up grout pad
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ANCHOR BOLT DESIGN Combined Tension, Shear and Moment
Anchor bolt design based on
ACI 318-08 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 provided

3. Load combinations shall be per ACI 318-08 Chapter 9 or ASCE 7-05 Chapter 2

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

5. 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

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. Shear carried by only half of total anchor bolts due to oversized holes in column base plate

Anchor Bolt Data

Factored moment M, = 25.0 [kip-ft] = 33.9
Factored tension /compression N, = -10.0 [kips]  in compression = -44.5
Factored shear V, =10.0 [kips] =445
Factored shear for bolt design Vy = 10.0 [kips] V., =0 if shear key is provided

[kNm]
[kN]
[kN]

1of7

Code Abbreviation
ACI 318-08
PIP STE05121

Code Reference
ACI 318-08
D.4.4 (c)

D.4.4

D.6.2.5

D.3.1

AISC Design Guide 1

section 3.5.3

* o

S2
#
+
S2

..

..

2 BOLT LINE S BOLT LINE
No of bolt line for resisting moment =| 3 Bolt Line ll

No of bolt along outermost bolt line =3

4 BOLT LINE
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Outermost bolt line spacing s4
Outermost bolt line spacing sp

Internal bolt line spacing spq

Internal bolt line spacing sp»

Column depth

Concrete strength

Anchor bolt material

Anchor tensile strength

Anchor bolt diameter
Bolt sleeve diameter

Bolt sleeve height

Anchor bolt embedment depth

Concrete thickness

Bolt edge distance c,
Bolt edge distance ¢,
Bolt edge distance c;

Bolt edge distance c,

Adjusted hg for design

$1
S2

Sp1

Sp2

futa

Cq

h ef

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

hef
/
\

he

min required
= 16.0 [in] 5.0 OK
=16.0 [in] 5.0 OK
= 8.0 [in] 5.0 OK
= 0.0 [in] 5.0 OK
=127 [in]
=5.0 [ksi] 34.5
=| F1554 Grade36 ¥
= 58 [ksi] 400
Anchor is ductile steel element
=| 125 = [in] 31.8
= 3.0 [in]
=10.0 [in]
min required
=16.0 [in] 15.0 OK
=20.0 [in] 19.0 OK
=6.0 [in] 5.0 OK
= 6.0 [in] 5.0 OK
= 100.0 [in] 5.0 OK
= 100.0 [in] 5.0 OK
Yes
= 16.00 [in] 15.0 OK
min(e;, 1.5her) min(cs+sy,1.5her)
T E
5 3
—— /{r g% £
O (/;H K (%)
S 2
Cn A :
C1 l S l Cs \zf
T T =
IS
dc

[MPa]

[MPa]

[mm]

20f7
Code Reference
PIP STE05121
Page A -1 Table 1

ACI 318-08
D.1

PIP STE05121

Page A -1 Table 1

Page A -1 Table 1

Page A -1 Table 1

ACI 318-08
D.5.2.3
D.5.2.3
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Number of bolt at bolt line 1
Number of bolt at bolt line 2
Number of bolt carrying tension
Oversized holes in base plate ?
Total no of anchor bolt

Number of bolt carrying shear

Anchor head type
Anchor effective cross sect area

Bearing area of head

Bolt 1/8" (3mm) corrosion allowance
Provide shear key ?
Seismic design category >= C
Supplementary reinforcement

For tension

For shear

Provide built-up grout pad ?

Strength reduction factors
Anchor reinforcement
Anchor rod - ductile steel

Concrete

CONCLUSION

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

Conc. Pryout Shear Resistance
Tension Shear Interaction
Tension Shear Interaction

Ductility

Seismic Design Requirement

nq
ny

N

s
s
¢t,c

Tension

i

| Heavy Hex
0.969  [in?
2237 [in?

[in%] not applicable

Z
o

pzd
(e]
4[4

?
?
?

Z
o

Yes *| Condition A
1.2 = | Condition A

H

Yes*| ?

0.75
0.75
0.75 Cdn-A

Abchor Rod Embedment, Spacing and Edge Distance

Ductile

ratio

ratio
ratio
ratio

ratio

ratio

ratio

ratio

ratio

Shear

0.65

0.75 Cdn-A D.4.4 (c)

OK
0.81 OK
0.12 OK
0.39 OK
0.08 OK
0.13 OK
0.14 OK
0.58 OK
0.11 OK
0.81 OK
Non-ductile

OK

SDC< C, ACI318-08 D.3.3 ductility requirement is NOT required

3of7

Code Reference

ACI 318-08
D.3.3.3

D.4.4 (c)

D.6.2.7
D.6.1.3

D.5.2.9 & D.6.2.9
D.4.4 (a)

ACI 318-08

D.3.3.4
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CALCULATION
Anchor Tensile Force
Single bolt tensile force Ty = 4.86 [Kips] No of bolt for Tynyy = 3
T, = 215 [kips] No of bolt for Tony, =
T3 = 0.00 [kips] No of bolt for T3nr; = 0
Sum of bolt tensile force Ny =2nT; =189
Tensile bolts outer distance sy, Sip = 8.0 [in]
Eccentricity e'y -- distance between resultant of tensile load and centroid of anchors
loaded in tension e'y = 1.38 [in]
Eccentricity modification factor WeeN = # = 0.95
)
Anchor Rod Tensile dtsNsa = O ts Asefuta =422
Resistance ratio = 0.12 > Ty
Conc. Tensile Breakout Resistance
N, =24 4 \/{hgf if h, <11" or h, >25" = 1149
16 4 \/E h3/® if 11"<hy < 25"
Projected conc failure area 1.5hg = = 24.00
Ane = [Sgprmin(cq,1.5heg)+min(cs,1.5he)]x = 1748.0
[so+min(c,,1.5hgs)+min(cy,1.5hg)]
Anco = 9 hef = 2304.0
Ane = min (Ane Nt Anco ) = 1748.0
Min edge distance Cmin = Min( ¢4, Cy, C3, Cy4 ) = 6.0
Eccentricity effects Ween = = 0.95
Edge effects Wean = min[ (0.7+0.3Cin/1.5h¢s), 1.0 ] =0.78
Concrete cracking Wcn = 1.0 for cracked concrete
Concrete splitting Wepon = 1.0 for cast-in anchor
Concrete breakout resistance dtc Noog = B AAN° Ween Pean Pon Poon Ny = 47.9
Nco
Seismic design strength reduction = x 1.0 not applicable =479
ratio = 0.39 > Ny
Anchor Pullout Resistance
Single bolt pullout resistance Ny = 8 Apg fe' = 89.5
1oNpn = § oo WopN, = 626
Seismic design strength reduction = x 1.0 not applicable = 62.6
ratio = 0.08 > Ty
W = 1 for cracked conc
¢ = 0.70 pullout strength is always Condition B

[kips]

[kips]
OK

[kips]

[in]

[in?]

[in?]
[in?]

[in]

[kips]

[kips]
oK

[kips]
[kips]
[kips]

OK

40of 7
Code Reference
ACI 318-08

Fig. RD.5.2.4 (b)

D.5.2.4 (D-9)

D.5.1.2 (D-3)

D.5.2.2 (D-7)
D.5.2.2 (D-8)

D.5.2.1 (D-6)
D.5.2.1

D.5.2.4 (D-9)
D525
D.5.2.6
D.5.2.7

D.5.2.1 (D-5)

D.3.3.3

D.5.3.4 (D-15)
D.5.3.1 (D-14)
D.3.3.3

D.5.3.6
D.4.4(c)
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Side Blowout Resistance
Failure Along Pedestal Width Edge

Conc. Shear Breakout Resistance

Vu

-

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

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

along pedestal width edge Nouww = N1 T4 = 14.6
¢ =min(cy,C3) =6.0
Check if side blowout applicable hes = 16.0 [in]
> 2.5¢ side bowout is applicable
Check if edge anchors work as a Sy, = 8.0 [in] s=s, = 16.0
a group or work individually < 6c edge anchors work as a group
Single anchor SB resistance dc Nsp = ¢, (1600 Ay ) A \/C =76.1
Multiple anchors SB resistance & cNspgw =
work as a group - applicable = (1+s/ 6C) X g ¢ Ngp = 110.0
work individually - not applicable = Npyw X Ot Ngp X [1+(cy 0r c4)/ ]/ 4 = 0.0
Seismic design strength reduction = x 1.0 not applicable = 110.0
ratio = 0.13 > Npuw
Group side blowout resistance dtc Nsog = e N::ﬂn‘ = 183.3
™
Govern Tensile Resistance N; = min [ ¢ys N¢ Nga, Orc (Noog: Ne Npn, Nepg) 1 = 47.9
Note: Anchor bolt sleeve portion must be tape wrapped and grouted to resist shear
Anchor Rod Shear dvsVsa = 0ysNg 0.6 Ao fiyn = 87.7
Resistance
Reduction due to built-up grout pads = x 0.8, applicable =70.1
ratio = 0.14 >V,

min(ha,1.5¢1)

Ci lSwi Cs
T T

&)
LR
tyf . )
O AN O
= Vu/2 Mode
e VU/44 . Mode
S| 8 —] 3
| - 4
_ Vu/4l” Mode
8 V2 Mode S
- /
L C1 lSw l Cs
< T T
= de

[kips]

[in]

[in]

[kips]

[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

50f7
Code Reference

ACI 318-08

RD.5.4.2

D.5.4.1

D.5.4.2
D.5.4.1 (D-17)

D.5.4.2 (D-18)

D.5.4.1
D.3.3.3

D.6.1.2 (b) (D-20)

D.6.1.3
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Bolt edge distance Ca1 = = 6.0
Limiting ¢,y when anchors are influenced by 3 or more edges = No
Bolt edge distance - adjusted Ca1 = cal needs NOT to be adjusted = 6.0
Cy = = 6.0
1.5c41 = =9.0
Aye = [min(cy,1.5¢,1) + s, + min(c,,1.5¢,1)] X = 279.0
min(1.5C,q, hy)
Aveo = 4.5C," = 162.0
Ave = min (Ave, N3 Aygo) = 279.0
le = min(8d,, he) =10.0
| 0.2
V, = Hdej \/I} PN = 123
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 Wey = =1.20
Member thickness W, = max[ (sqrt(1.5¢c4 / h,), 1.0] =1.00
Conc shear breakout
A
resistance V0b91 = ¢v‘c ﬁTeC,V Pouv Vo Frv Vi =17.2
Vco
Mode 3 is used for checking Vebgr = Vgt x 1.0 =17.2
Mode 2 Failure cone at back anchors
Vu
-
3 N
) M Caf
- \ .
- ] AN O
= , ~— \
O / < N
= 2 I P L
= / S| — &
~— /
= / = MR
& Q // 3
Ci S1 i Cs f /
/’\ o~
de < ci |si] o
< T T
€ de
Bolt edge distance Ca1 = =220
Limiting c,4 when anchors are influenced by 3 or more edges = No
Bolt edge distance - adjusted Ca1 = cal needs NOT to be adjusted =220
Cy = 6.0
1.5c41 = 33.0

[in]
[in]
[in]
[in]

[in?]

[in?]

[in?]

[in]

[kips]

[kips]

[kips]

[in]

[in]
[in]
[in]

Code Reference
ACI 318-08
D.6.2.4

D.6.2.4

D.6.2.1

D.6.2.1 (D-23)
D.6.2.1

D.6.2.2
D.6.2.2 (D-24)
D.6.25
D.6.2.6
D.6.2.7
D.6.2.8
D.6.2.1 (D-22)

Fig. RD.6.2.1 (b)

note

ACI 318-08

D.6.2.4
D.6.2.4

6 of 7
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AV<:
AV<:o
AVc
le
Vb
Eccentricity effects Weew
Edge effects Wed.v
Concrete cracking Yev
Member thickness Why
Conc shear breakout
resistance Vebg2
Min shear breakout resistance Vobg
Seismic design strength reduction
ratio
Conc. Pryout Shear Resistance
Kep
Factored shear pryout resistance ¢y ¢ Vepg
q) v,C
Seismic design strength reduction
ratio
Govern Shear Resistance V,
Tension Shear Interaction
Check if N,>0.2¢ N, and V,>0.2¢ V,,
ratio
Ductility Tension
¢’t,s Nsa
Ductility Shear
¢v,s Vsa

= [min(c,,1.5¢C4) + s, + mMin(cy,1.5¢c,1)] X = 1100.0
min(1.5¢,4, h,)
= 4.5c,° = 2178.0
= min (Ave, N2 Aveo) = 1100.0
= min(8d,, her ) = 10.0
| 0.2
- H;j Ja, } A = 86.6
= 1.0 shear acts through center of group
= min[ (0.7+0.3¢cy/1.5¢,4), 1.0] = 0.75
= =1.20
= max[ (sqrt(1.5¢c,1 / hy) , 1.0] =1.28
AVc
= b T Yeou Yeav You Py Vo = 38.1
AVco
= min (Vgog1 » Vepgz ) =17.2
= x 1.0 not applicable =17.2
= 0.58 >V,
=20
= ¢v,c kcp Ncbg = 89.5
= 0.70 pryout strength is always Condition B
= x 1.0 not applicable = 89.5
=0.11 >V,
= min [ ¢v,svsa‘ ¢’v,c (Vcbg‘ chg )] =17.2
Yes
Ny/ o Ny +Vy/ oV, = 0.98
= 0.81 <12
=422 [kips]
< ¢t,c min (Ncbg: Npm Nsbg) =479
Ductile
=701 [kips]
> ¢v,c min (Vcbg: chg ) =17.2
Non-ductile

[in]
[in?]
[in]

[in]

[kips]

[kips]

[kips]

[kips]
OK

[kips]

[kips]
OK

[kips]

OK

[kips]

[kips]

7of7
Code Reference
ACI 318-08
D.6.2.1

D.6.2.1 (D-23)
D.6.2.1
D.6.2.2

D.6.2.2 (D-24)

D.6.2.5
D.6.2.6
D.6.2.7
D.6.2.8

D.6.2.1 (D-22)

D.3.3.3

D.6.3
D.6.3 (D-31)
D.4.4(c)
D.3.33

D.7.1&D.7.2
D.7.3 (D-32)

2011-12-30 Rev 1.2.7

Page 62 of 157



CivilB ay www.civilbay.com

Concrete Anchorage Design v1.2.7 User Manual

Dongxiao Wu P. Eng.

Example 14: Anchor Bolt + No Anchor Reinft + Tension Shear & Moment + CSA A23.3-04 Code

/l/ v My=33.9 KNm
393 <[V u=445KN
sl Wioilie
o~ + e e
© L] <
+ -+ ©
g | ¢ L
>+ 4+ + - ok L
o Y
152 406

M, =33.9 kNm  N,=44.5 kN (Compression) V, =445 kN
Concrete f¢=34.5 MPa
Anchor bolt F1554 Grade 36 1.25” dia Heavy Hex Head hef= 406mm ha =508mm

Oversized holes in base plate
Seismic design Ig F2S4(0.2) < 0.35
Supplementary reinforcement Tension - Condition A
Shear = Condition A Yev =1.2

Provide built-up grout pad
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ANCHOR BOLT DESIGN Combined Tension, Shear and Moment

Anchor bolt design based on Code Abbreviation

CSA-A23.3-04 (R2010) Design of Concrete Structures Annex D A23.3-04 (R2010)

ACI 318M-08 Metric Building Code Requirements for Structural Concrete and Commentary ACI318 M-08

PIP STE05121 Anchor Bolt Design Guide-2006 PIP STE05121

Assumptions Code Reference

1. Concrete is cracked A23.3-04 (R2010)

2. Condition A for tension - supplementary reinforcement provided D.5.4 (c)

3. Shear load acts through center of bolt group e,y =1.0 D.7.2.5

4. For anchor group subject to moment, the anchor tensile load is designed using elastic analysis D.4.1

and there is no redistribution of the forces between highly stressed and less stressed anchors
5. 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
6. Shear carried by only half of total anchor bolts due to oversized holes in column base plate AISC Design Guide 1

section 3.5.3
Anchor Bolt Data

Factored moment M, = 33.9 [kNm] = 25.0 [kip-ft]
Factored tension /compression N, = -44.5 [kN] in compression =-10.0 [kips]
Factored shear V, =445 [kN] =10.0 [kips]
Factored shear for bolt design V, =445 [kN] V, = 0 if shear key is provided

e e e [ e e

S2
.
+
S2
-
+
S2
.
+

2 BOLT LINE S BOLT LINE 4 BOLT LINE
No of bolt line for resisting moment =| 3 Bolt Line ll
No of bolt along outermost bolt line =3
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min required
Outermost bolt line spacing s¢ s = 406 [mm] 127 OK
Outermost bolt line spacing s) s, = 406 [mm] 127 OK
Internal bolt line spacing spq Sp1 = 203 [mm] 127 OK
Internal bolt line spacing sp» Sp2 =0 [mm] 127 OK
Column depth d = 323 [mm]
Concrete strength fo =35 [MPa] 5.0
Anchor bolt material =| F1554 Grade 36 g
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 = 76 [mm]
Bolt sleeve height hs = 254 [mm]
min required
Anchor bolt embedment depth hes = 406 [mm] 381 OK
Concrete thickness h, =508 [mm] 482 OK
Bolt edge distance c, cy =152 [mm] 127 OK
Bolt edge distance c, c, = 152 [mm] 127 OK
Bolt edge distance c; c; = 2540 [mm] 127 OK
Bolt edge distance c, c, = 2540 [mm] 127 OK
c; > 1.5h; for at least two edges to avoid reducing of hgs when N, > 0 Yes
Adjusted hg for design hes = 406 [mm] 381 OK
Ny
min(c1,1.5her) min(cs+si,1.5ner)
Mu i
Vu .
?Y E
© AN - (j (j
< \\\ e \9/
e S Py =
al & )
n q
ci st Cs 8 2
# # At A, i
qd <
- C1 l S1 l Cs \%
T T =
1S
de

[ksi]

[MPa]

[mm]

20f7
Code Reference
PIP STE05121
Page A -1 Table 1

A23.3-04 (R2010)
D.2

PIP STE05121

Page A -1 Table 1

Page A -1 Table 1

Page A -1 Table 1

A23.3-04 (R2010)
D.6.2.3
D.6.2.3
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Number of bolt at bolt line 1 ng =3

Number of bolt at bolt line 2 n, =3

Total no of anchor bolt n=28

Number of bolt carrying tension n=5

Number of bolt carrying shear ng =4

Oversized holes in base plate ? =| Yes=| ?

Anchor head type =| Heavy Hex
Ase = 625 [mmz]

Bearing area of head Apg = 1443 [mm?]
Abrg [mm?]

Bolt 1/8" (3mm) corrosion allowance =| No L| ?

Provide shear key ? =l No =| ?

Seismic region where IgF,S,(0.2)>=0.35 =| No L| ?

Supplementary reinforcement

For tension =| Yes= | Condition A
For shear W.v =| 1.2 =| Condition A

Provide built-up grout pad ? =| Yes=| ?

Strength reduction factors

Anchor reinforcement factor das = 0.75

Steel anchor resistance factor ¢s = 0.85

Concrete resistance factor o, = 0.65

Resistance modification factors

Anchor rod - ductile steel Ris = 0.80

Concrete Ric = 1.15 Cdn-A

CONCLUSION
Abchor 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
Conc. Pryout Shear Resistance
Anchor Rod on Conc Bearing
Tension Shear Interaction
Tension Shear Interaction
Ductility
Tension  Ductile

Seismic Design Requirement

=i

not applicable

leFaSa(0.2)<0.35, A23.3-04 D.4.3.3 ductility requirement is NOT required

30f7
Code Reference
?
A23.3-04 (R2010)
D.4.3.5
D.5.4 (c)
? D.7.2.7
D.7.1.3
D.7.29
8.4.3 (a)
8.4.2
Rys = 0.75 D.5.4(a)
Ryc = 1.15 Cdn-A D.5.4(c)
OK
ratio = 0.81 OK
ratio = 0.13 OK
ratio = 0.39 OK
ratio = 0.08 OK
ratio = 0.13 OK
ratio = 0.15 OK
ratio = 0.58 OK
ratio = 0.12 OK
ratio = 0.04 OK
ratio = 0.81 OK
A23.3-04 (R2010)
Shear Non-ductile
OK D.4.36
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CALCULATION
Anchor Tensile Force
Single bolt tensile force Ty =216 [kN] No of bolt for Tynyy = 3
T, = 9.6 [kN] No of bolt for Tony, =
T3 = 0.0 [kN] No of bolt for T3nr; = 0
Sum of bolt tensile force Ny =2nT; = 83.9
Tensile bolts outer distance sy, Syp = 203 [mm]
Eccentricity e'y -- distance between resultant of tensile load and centroid of anchors
loaded in tension e'y =35 [mm]
Eccentricity modification factor WeeN = # = 0.95
o)
Anchor Rod Tensile Ngr = Age 05 futa Ris = 170.0
Resistance ratio = 0.13 > Ty
Conc. Tensile Breakout Resistance
Ny = 10 ¢, \/E hl® R if hy <275 or h, > 625
3.9 ¢, \/f7 h%3 R, if 275 <hy < 625
= 382.8
Projected conc failure area 1.5h¢s = 609
Ane = [Siptrmin(cq,1.5hgr)+min(cs,1.5hg)]x = 1.1E+06
[so+min(c,,1.5hgs)+min(cy,1.5hg)]
Anco = 9 hef = 1.5E+06
Ane = min (Ane Nt Anco ) = 1.1E+06
Min edge distance Cmin = Min( ¢4, Cy, C3, Cy4 ) = 152
Eccentricity effects Ween = 0.95
Edge effects Wean = min[ (0.7+0.3Cin/1.5h¢s), 1.0 ] =0.78
Concrete cracking Wcn = 1.0 for cracked concrete
Concrete splitting Wepon = 1.0 for cast-in anchor
Concrete breakout resistance Neogr = ASC Ween Pean Fon Feon N = 213.0
Seismic design strength reduction x 1.0 not applicable = 213.0
ratio = 0.39 > Ny
Anchor Pullout Resistance
Single bolt pullout resistance Npr = 8 Aprg 0 ' Ric = 261.2
Neor = WepNpr = 261.2
Seismic design strength reduction x 1.0 not applicable = 261.2
ratio = 0.08 > Ty
W = 1 for cracked conc
Ric = 1.00 pullout strength is always Condition B

[kN]

[kN]
OK

[kN]
[mm]

[mm?]

[mm?]
[mm?]

[mm]

[kN]

[kN]
OK

[kN]

[kN]

[kN]
OK

40of 7
Code Reference
A23.3-04 (R2010)

Figure D.8 (b)

D.6.2.4 (D-9)

D.6.1.2 (D-3)

D.6.2.2 (D-7)
D.6.2.2 (D-8)

D.6.2.1 (D-6)
D.6.2.1

D.6.2.4 (D-9)
D.6.25
D.6.2.6
D.6.2.7

D.6.2.1 (D-5)

D.4.3.5

D.6.3.4 (D-16)
D.6.3.1 (D-15)
D.4.35

D.6.3.6
D.5.4(c)
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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

Group side blowout resistance

Govern Tensile Resistance

Anchor Rod Shear
Resistance

Reduction due to built-up grout pads

Conc. Shear Breakout Resistance

Vu

-

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

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

Now = n71 T4 = 64.8
¢ =min(cy,C3) = 152
hee = 406 [mm]
> 2.5¢ side bowout is applicable
Sy = 203 [mm] s=8s, = 406
< 6c edge anchors work as a group
Neorw = 13.3¢\[A,q 4. /T R, = 339.6
Nspgrw =
= (1+s/ 6¢) X Ngpr = 490.3
= Npw X Ngprw X [1+(co 0r c4)/ ] 1 4 = 0.0
= x 1.0 not applicable = 490.3
ratio = 0.13 > Npuw
Nepgr = Nooor n, = 817.2
Ny
N; = min (n Ng;, Nigr, Nt Negr, Ngpgr ) = 213.0
Vo = Ng Age 0 0.6 fia Ry s = 3825
= x 0.8, applicable = 306.0
ratio = 0.15 >V,

N r 1
& /
9 /
— /
- / =]
o /
— /
~ /
=
&
C1 lSw i C3
T T
dc

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

[kN]

[mm]

[mm]

[kN]

[kN]

[kN]

[kN]

OK

[kN]

[kN]

[kN]

[kN]

OK

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

be

O

o

tyﬁ .

O N )

= Vo2 Mode 3

c Vu/4[N Mode 1
. R

3 ] S
K| ¢

_ V/4l” Mode 1

S Vu/Z Mode 3 S
= /

> Ci lSW l C3

= 7

£ de

50f7

Code Reference

ACI318 M-08
RD.5.4.2

A23.3-04 (R2010)
D.6.4.1

D.6.4.2
D.6.4.1 (D-18)

D.6.4.2 (D-19)

D.6.4.1
D.4.3.5

D.7.1.2 (b) (D-21)

D.71.3
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Bolt edge distance cy = =152 [mm]
Limiting ¢,y when anchors are influenced by 3 or more edges = No
Bolt edge distance - adjusted c; = cal needs NOT to be adjusted = 152 [mm]
C, = = 152 [mm]
1.5¢c, = = 229 [mm]
Ay. = [min(c,,1.5¢4) + s, + min(c,,1.5¢4)] x = 1.8E+05 [mmz]
min(1.5¢4, h,)
Aveo = 4.5012 = 1.0E+05 [mm2]
Ay = min (Ayg, Ny Aye) = 1.8E+05 [mm?|
le = min(8d,, het) = 254 [mm]
| 0.2
Vor = o.ss(dij Jd, ¢ﬁ c*R,, = 41.1 [kN]
Eccentricity effects WYeev = 1.0 shear acts through center of group
Edge effects Weay = mMin[ (0.7+0.3c,/1.5¢4), 1.0 ] = 0.90
Concrete cracking Yoy = =1.20
Member thickness W, = max] (sqrt(1.5¢4 / h,), 1.0] = 1.00
Conc shear breakout
A
resistance Vopgrt = AVC Yoo Yeou You v Vi =764 [kN]
Vco
Mode 3 is used for checking Vebgrr = Vobgt x 1.0 = 76.4 [kN]
Mode 2 Failure cone at back anchors
Vu
3 N
O M\ Caf
T - N
r ! ) AN S
= N N
S / < N
fﬁ / € . ea VY2
= Y S| 6 — &
~— /
= / CS% * /*‘ Vu; 2
& © // 3
Ca l S1 l C3 f /
T T P~
de < o si] o
< T T
€ de
Bolt edge distance Ca1 = Cq + 84 = 558 [mm]
Limiting c,4 when anchors are influenced by 3 or more edges = No
Bolt edge distance - adjusted Ca1 = cal needs NOT to be adjusted = 558 [mm]
Cp, = 152 [mm]
1.5c4 = 838 [mm]

60of7
Code Reference
A23.3-04 (R2010)
D.7.24
D.7.24

D.7.2.1

D.7.2.1 (D-24)

D.7.21

D.3

D.7.2.2 (D-25)

D.7.2.5

D.7.2.6

D.7.2.7
D.7.2.8

D.7.2.1 (D-23)

A23.3-04 (R2010)

D.7.2.4
D.7.24
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Eccentricity effects

Edge effects

Concrete cracking

Member thickness

Conc shear breakout

resistance

Min shear breakout resistance
Seismic design strength reduction
Conc. Pryout Shear Resistance

Factored shear pryout resistance

Seismic design strength reduction

Anchor Rod on Conc Bearing

Govern Shear Resistance

Tension Shear Interaction

Check if N, >0.2 N, and V,>0.2 V,

Ductility Tension

Ductility Shear

Vbr

LIJeC.V -

q"'ed,v
Weu

Vcbgr2

Vcbgr

ratio

ratio

= [min(c,,1.5C4) + S5 + Min(cy,1.5¢,1)] X

min(1.5¢,q, hy,)
4.50312

min (Ave, Ny Aveo)

71E+05 [mm?]

1.4E+06 [mm?
71E+05 [mm?

min( 8d, , her) = 254 [mm]
I 0.2
O.58[di] Jd, ¢F c*R,, = 2882  [kN]
1.0 shear acts through center of group
min[ (0.7+0.3c,/1.5¢c44), 1.0] = 0.75
=1.20
max[ (sqrt(1.5¢c,¢ / h,) , 1.01] =1.28
AVc
A Weev Yaav Yo Yoy Vor = 169.4 [kN]
Vco
= min (Vcbgr1 ’ Vcbgr2 ) =76.4 [kN]
x 1.0 not applicable =76.4 [kN]
0.58 >V, OK
2.0
Kep Nobgr = 3704 [kN]
1.00 pryout strength is always Condition B
x 1.0 not applicable = 3704 [kN]
0.12 >V, OK
= ng X 1.4 X . x Min(8d,, he) x dy X ' =1021.5 [kN]
0.04 >V, OK
min ( Vsrv Vcbgrv chgr ’ Br ) =76.4 [kN]
Yes
NJ/N; + V /V, = 0.98
0.81 <12 OK
170.0 [kN]
min (Ncbgrr Ncpr: Nsbgr) = 213.0 [kN]
Ductile
306.0 [kN]
min (Veogrs Vepgr Br) = 76.4 [kN]
Non-ductile

70of7
Code Reference
A23.3-04 (R2010)
D.7.2.1
D.7.2.1 (D-24)
D.7.21
D.3
D.7.2.2 (D-25)
D.7.25
D.7.2.6
D.7.2.7
D.7.2.8
D.7.2.1 (D-23)
D.4.3.5
D.7.3
D.7.3 (D-32)
D.5.4(c)
D.4.3.5
CSA S16-09
25.3.3.2
A23.3-04 (R2010)
D.8.2&D.8.3
D.8.4 (D-35)
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Example 21: Welded Stud + Anchor Reinft + Tension & Shear + ACI 318-08 Code

N uTQO KIPS
\
__|[Vu=25[KIPs
:LO -
KO # # 4 V|
B Lo
(@]
N # # (e}
.
5 6" 5
1 1
16"
Nu= 20 kips ( Tension ) V. = 25 kips
Concrete fo= 4 ksi Rebar f,=60 ksi
Pedestal size 16" x 16”
Anchor stud AWS D1.1 Grade B 1.0” dia hes = 55” ha =60”

Seismic design category >= C
Anchor reinforcement Tension = 8-No 8 ver. bar

Shear > 2-layer, 4-leg No 4 hor. bar

No built-up grout pad for embedded plate.

Note: The stud length used in this example may not be commercially available and it's for illustration purpose only.

Deep anchor stud embedment hes is required for anchor reinforcement to develop resistance on both sides of the
failure plane.
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10f6
STUD ANCHOR DESIGN Combined Tension and Shear
Anchor bolt design based on Code Abbreviation
ACI 318-08 Building Code Requirements for Structural Concrete and Commentary Appendix D ACI 318-08
PIP STE05121 Anchor Bolt Design Guide-2006 PIP STE05121
Code Reference
Assumptions ACI 318-08
1. Concrete is cracked
2. Condition A - supplementary reinforcement is provided D.4.4 (c)
3. Load combinations shall be as per ACI 318-08 Chapter 9 or ASCE 7-05 Chapter 2 D.4.4
4. Anchor reinft strength is used to replace concrete tension / shear breakout strength as per
ACI318-08 Appendix D clause D.5.2.9 and D.6.2.9 D.5.29&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
Input Data
set N, = 0 if it's compression
Factored tension N, = 20.0 [kips] = 89.0 [kN]
Factored shear V, = 25.0 [kips] =111.2 [kN]
Concrete strength fo = 4.0 [ksi] =276 [MPa]
Stud material =| AWS D1.1 Grade B |
Stud tensile strength futa = 65 [ksi] = 448 [MPa] ACI 318-08
Stud is ductile steel element D.1
Stud diameter d, =| 1 * | [in] =254 [mm]
Stud shank area Ase = 0.79 [in?] = 507 [mm?]
Stud head bearing area Apg = 1.29 [in?] = 831 [mm?]
min required PIP STE05121
Stud embedment depth hes = 55.0 [in] 12.0 OK Page A -1 Table 1
Pedestal height h =60.0 [in] 58.0 OK
Pedestal width b, = 16.0 [in]
Pedestal depth d. = 16.0 [in]
<ﬁt <=min(05C1,03C2) <=min(05C1,03C2)
/EIXQ \@ N cT | ]
// ~ [S) = (] = (&)
S 2 MBI %
g [P & S . 1 & s
LE P [ S S SO e PN
o~ s % S ) s
e« o @ J o o @ J
C4 ‘Sz‘ C2 C4 S2), C2 C4 ‘Sz C2
'be. 'be 'be
Ver. Reinft For Tension Hor. Ties For Shear - 4 Legs Hor. Ties For Shear - 2 Legs
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min required 20of6
Stud edge distance ¢, ¢y =5.0 [in] 4.5 OK Code Reference
Stud edge distance c, c, =5.0 [in] 45 OK PIP STE05121
Stud edge distance c; c; =5.0 [in] 45 OK Page A -1 Table 1
Stud edge distance c, cy = 5.0 [in] 4.5 OK
Outermost stud line spacing s s1 = 6.0 [in] 4.0 OK Page A -1 Table 1
Outermost stud line spacing sy s; = 6.0 [in] 4.0 OK
ACI 318-08
To be considered effective for resisting anchor tension, ver reinforcing bars shall be located RD.5.2.9

within 0.5h, from the outmost stud's centerline. In this design 0.5h, value is limited to 8 in.

0.5hg = 8.0 [in]
No of ver. rebar that are effective for resisting anchor tension n, =8
Ver. bar size No. I 8 'l: 1.000 [in] dia single bar area A; = 0.79 [in]
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 stud's centerline min(0.5¢c4, 0.3¢,) = 1.5 [in]
No of tie leg that are effective to resist anchor shear Neg = 4 ?
No of tie layer that are effective to resist anchor shear Niay =| 2 "I ?
Hor. tie bar size No. I 4 - I: 0.500 [injdia  single bar area A; = 0.20 [in?]
For anchor reinft shear breakout strength calc I 100% hor. tie bars develop full yield strength ;l ?

suggest
Rebar yield strength f, = 60 [ksi] 60 = 414 [MPa]
Total no of welded stud n =
Number of stud carrying tension n =4 S
. R Nbd
Number of stud carrying shear ng = ° o —X
D o o

mbW@ T

For side-face blowout check use

C1

No of stud along width edge Npw = 2
No of stud along depth edge Nyg = 5 ‘ - ‘ -
\ be \
Bolt No Input for Side—Face
Blowout Check Use
ACI 318-08

Seismic design category >= C = YesL| ? D.3.3.3
Provide built-up grout pad ? =l No =| ? D.6.1.3
Strength reduction factors
Anchor reinforcement 0s = 0.75 D.5.29 &D.6.2.9
Anchor rod - ductile steel ds = 0.75 ¢,s = 0.65 D.4.4(a)
Concrete - condition A drc = 0.75 oy = 0.75 D.4.4(c)
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CONCLUSION
Abchor Rod Embedment, Spacing and Edge Distance
Min Rquired Anchor Reinft. Development Length
Overall
Tension
Stud Tensile Resistance
Anchor Reinft Tensile Breakout Resistance
Stud Pullout Resistance
Side Blowout Resistance
Shear
Stud Shear Resistance
Anchor Reinft Shear Breakout Resistance
Strut Bearing Strength
Tie Reinforcement
Conc. Pryout Not Govern When hg >= 12d,
Tension Shear Interaction
Tension Shear Interaction
Ductility
Tension  Non-ductile

Seismic Design Requirement
CACULATION
Stud Tensile Resistance

¢ ts Nsa = ¢ ts Nt Ase futa
ratio = 0.13

Anchor Reinft Tensile Breakout Resistance

Min tension development length ly =

for ver. #8 bar

hes- € (2 in) - 8 in x tan35

Actual development lenngth R

<O.5hef
8in

c=2in

Nef
la

35

Nip = s Xy xny X Ag X (I / g i I < 1g)

Seismic design strength reduction x 0.75 applicable

0.09

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

Shear

>

OK
0.25 OK
0.60 OK
0.13 OK
0.09 OK
0.23 OK
0.26 OK
0.19 OK
0.59 OK
0.46 OK

OK
0.60 OK
Non-ductile

NG

153.2

47.4

47.4
12.0

284.2
213.1

SDC>= C, ACI318-08 D.3.3.5 or D.3.3.6 must be satisfied for non-ductile design

[kips]
oK

[in]

[in]
OK

[kips]
[kips]
OK

30of6
Code Reference
ACI 318-08
12.2.1

ACI 318-08
D.3.3.4

Code Reference

ACI 318-08
D.5.1.2 (D-3)

12.21,12.2.2,12.24

12.21

ACI 318-08
12.2.5
D.3.3.3
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Stud Pullout Resistance

Single bolt pullout resistance Ny = 8 Apg fe' =412
Nepr = ¢ e Non = ¢ 1 Mt #cpNp = 115.5
Seismic design strength reduction = x0.75 applicable = 86.6
ratio = 0.23 > N,

W.p = 1 for cracked conc

¢ = 0.70 pullout strength is always Condition B

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 Npww = Ny X Npy, / Ny =10.0
c =min(cy, C3) =5.0
Check if side blowout applicable hes = 55.0 [in]
> 2.5¢c 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 b Nsp = 4, (1600 A ) 24Jf = 431
Multiple anchors SB resistance & cNspgw =
work as a group - applicable = (1+s/ 6¢) X g ¢ Ngp =517
work individually - not applicable = Npy X Pt Ngp X [1+(co 0r C4)/ €] / 4 = 0.0
Seismic design strength reduction = x0.75 applicable = 38.8
ratio = 0.26 > Npuw
Failure Along Pedestal Depth Edge
Tensile load carried by anchors close to edge which may cause side-face blowout
along pedestal depth edge Npug = Ny X Npg / ng =10.0
c =min(cy Cq) =5.0
Check if side blowout applicable hes = 55.0 [in]
> 2.5¢c side bowout is applicable
Check if edge anchors work as a S11 = 6.0 [in] s=s; =6.0
a group or work individually < 6¢c edge anchors work as a group
Single anchor SB resistance I (1600 A ) 24Jf = 431
Multiple anchors SB resistance &t cNspgd =
work as a group - applicable = (1+s/ 6¢) X g ¢ Ngp =517
work individually - not applicable = Npg X ¢ Nep X [1+(cq Or c3)/ c] / 4 = 0.0
Seismic design strength reduction = x0.75 applicable = 38.8
ratio = 0.26 > Npug
Group side blowout resistance dtc Nspg = ¢, min NSbﬂn( , Mn( J =775
bw bd
Govern Tensile Resistance N; = ¢ min (Ng, N, Nep, Neog ) =775

[kips]
[kips]
[kips]

oK

[kips]

[in]

[in]

[kips]

[kips]

[kips]

[kips]
OK

[kips]

[in]

[in]

[kips]

[kips]

[kips]

[kips]
oK

[kips]

[kips]

4 0of 6
Code Reference
ACI 318-08
D.5.3.4 (D-15)
D.5.3.1 (D-14)
D.3.3.3

D.5.3.6
D.4.4(c)

RD.5.4.2

D.5.4.1

D.5.4.2
D.5.4.1 (D-17)

D.5.4.2 (D-18)

D.5.4.1
D.3.3.3

RD.5.4.2

D.5.4.1

D.5.4.2
D.5.4.1 (D-17)

D.5.4.2 (D-18)
D.5.4.1
D.3.33
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5 of 6
Code Reference
ACI 318-08
Stud Shear Resistance dvs Vsa = 0 yvs N Agefita = 1327 [kips] D.6.1.2 (a) (D-19)
Reduction due to built-up grout pads = x 1.0, not applicable =132.7 [kips] D.6.1.3
ratio = 0.19 >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
di
Vu/2 /2 =
i— i 3 :
o4 > ce}
- (@]
Tt Tt - Tt Tt < it
/ \
Cs Cs _ A o
o 35
/ \ - [ =
@ 0 @) Q )
dh
Strut-and-Tie model geometry d, = 2.250 [in] d, = 2.250 [in]
06 =45 d; = 3.182 [in]
Strut compression force C;, = 0.5V,/sinb =17.7 [kips]
ACI 318-08
Strut Bearing Strength
Strut compressive strength fee = 0.85f1 =34 [ksi] A.3.2 (A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min( 8d,, he) =8.0 [in] D.6.2.2
Anchor bearing area Abrg = lexd, = 8.0 [in]
Anchor bearing resistance Cr = Ny X st X foe X Aprg = 81.6 [Kips]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Apg = (Ie+1.5 x d;- d,a/2 -dy/2) x dy =11.8 [in?]
Ver bar bearing resistance Cr = st X foe X Aprg = 30.0 [kips]
ratio = 0.59 > Cq OK
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Tie Reinforcement Code Reference
* 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 ACI318-08 Eq. (D-16) as the max force can be developed at hook T},

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

Total number of hor tie bar n = Nig(leg) x ni, (layer) =8
ACI 318-08
Pull out resistance at hook Th = ¢.09f end, =3.0 [kips] D.5.3.5 (D-16)
e, =4.5dy = 2.250 [in]
Single tie bar tension resistance Tr = s xfy x Ag =9.0 [kips]
Total tie bar tension resistance Vi =1.0xnxTr =720 [kips]
Seismic design strength reduction = x0.75 applicable =54.0 [kips] D.3.3.3
ratio = 0.46 >V, OK
Conc. Pryout Shear Resistance
The pryout failure is only critical for short and stiff anchors. It is reasonable to assume that for general
cast-in place headed anchors with hg; > = 12d,, the pryout failure will not govern
12d, = 12.0 [in] hes = 55.0 [in]
> 12d, OK
Govern Shear Resistance V, = min (¢,sVsa, Vi) =54.0 [kips]
Tension Shear Interaction
Check if N, >0.2¢ N,, and V,>0.2¢ V, Yes D.71&D.7.2
NN, + V/V, =0.72 D.7.3 (D-32)
ratio = 0.60 <12 OK

Ductility Tension
Ors Ngg = 153.2 [kips]

> min [Ny, ¢t (Non, Nspg ) ] =775 [kips]
Non-ductile
Ductility Shear
dts Nsa = 132.7 [kips]
> Vi = 54.0 [kips]
Non-ductile
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Example 22: Welded Stud + Anchor Reinft + Tension & Shear + CSA A23.3-04 Code

\
Vi=1101.2kN
~ -
[@N]
KO # # 4 |
S| B % .3
% ~
*F— + -+ o
™~
N
127 152 127
1 1
406
N.= 89 kN ( Tension ) Vu=111.2 kN
Concrete fo'=27.6 MPa Rebar f,=414 MPa
Pedestal size 406mm x 406mm
Anchor stud AWS D1.1 Grade B 1.0” dia her= 1397mm ha =1524mm
Seismic design Ig F5S4(0.2) >= 0.35
Anchor reinforcement Tension - 8-25M ver. bar

Shear > 2-layer, 4-leg 15M hor. bar

No built-up grout pad for embedded plate.

Dongxiao Wu P. Eng.

Note: The stud length used in this example may not be commercially available and it’s for illustration purpose only.

Deep anchor stud embedment hes is required for anchor reinforcement to develop resistance on both sides of the

failure plane.
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STUD ANCHOR DESIGN

Anchor bolt design based on

Assumptions

1. Concrete is cracked

Input Data

Combined Tension and Shear

2. Condition A - supplementary reinforcement is provided

CSA-A23.3-04 (R2010) Design of Concrete Structures Annex D
ACI 318M-08 Metric Building Code Requirements for Structural Concrete and Commentary
PIP STE05121 Anchor Bolt Design Guide-2006

3. Anchor reinft strength is used to replace concrete tension / shear breakout strength as per
ACI318 M-08 Appendix D clause D.5.2.9 and D.6.2.9
4. For tie reinft, only the top most 2 or 3 layers of ties (50mm from TOC and 2x75mm after) are effective

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

set N, = 0 if it's compression

Ver. Reinft For Tension

Factored tension N, = 89.0 [kN]
Factored shear V, =111.2 [kN]
Concrete strength fo =28 [MPa]
Stud material =| AWSD1.1Grade B
Stud tensile strength fua = 65 [ksi]
Stud is ductile steel element
Stud diameter d, =| 1 * | [in]
Stud shank area Ase = 0.79 [in?]
Stud head bearing area Aog = 1.29 [in?]
min required
Anchor bolt embedment depth hes = 1397 [mm] 305
Pedestal height h = 1524 [mm] 1473
Pedestal width . = 406 [mm]
Pedestal depth d. = 406 [mm]
<@§t <=min(05C1,03C2)
/EIXQ \@ N s 7
// N o = [&)
) o o V| —x T i ! o N
Q | e S o S
il N S Zemmn N UPS l B
S e 1 S
e« o @ J
C4 ‘ Sz‘ C2 C4 S2), C2
'be. 'be

Hor. Ties For Shear - 4 Legs

10f6

Code Abbreviation
A23.3-04 (R2010)
ACI318 M-08

PIP STE05121

Code Reference
A23.3-04 (R2010)
D.5.4 (c)

ACI318 M-08
D.5.29&D.6.2.9

= 20.0 [kips]
= 25.0 [kips]
=40 [ksi]
= 448 [MPa] A23.3-04 (R2010)
D.2
=254 [mm]
= 507 [mm?]
= 831 [mm?]
PIP STE05121
OK Page A -1 Table 1
OK
<=min(0.5C1,0.3C2)
—
2 S
L 2 . — K
o ° o ©
,[ N 5
e o @ J
C4 ‘Sz C2
\
b.

Hor. Ties For Shear -2 Legs

2011-12-30 Rev 1.2.7

Page 79 of 157



CivilBay

www.civilbay.com

Concrete Anchorage Design v1.2.7 User Manual

Dongxiao Wu P. Eng.

min required
Stud edge distance ¢, cy =127 [mm] 115 OK
Stud edge distance c, C, =127 [mm] 115 OK
Stud edge distance c; c3 =127 [mm] 115 OK
Stud edge distance c, cy =127 [mm] 115 OK
Outermost stud line spacing s¢ sy = 152 [mm] 102 OK
Outermost stud line spacing s; s, = 152 [mm] 102 OK

To be considered effective for resisting anchor tension, ver reinforcing bars shall be located
0.5hg = 200
=8

No of ver. rebar that are effective for resisting anchor tension n,

Ver. bar size dp = I 25 vI single bar area A; = 500
To be considered effective for resisting anchor shear, hor. reinft shall be located

within min( 0.5¢4, 0.3c, ) from the outmost anchor's centerline min(0.5c4, 0.3¢,) = 38
No of tie leg that are effective to resist anchor shear Neg = 4
No of tie layer that are effective to resist anchor shear Nay =

Hor. bar size single bar area A; = 200

db=| 15 v]

within 0.5h, from the outmost anchor's centerline. In this design 0.5h¢ value is limited to 200mm.

2 0of 6

Code Reference
PIP STE05121
Page A -1 Table 1
Page A -1 Table 1
ACI318 M-08
RD.5.2.9

[mm]

[mm?]
RD.6.2.9

[mm]

?

[mm?]

For anchor reinft shear breakout strength calc

I 100% hor. tie bars develop full yield strength ;l ?

suggest
Rebar yield strength f, = 414 [MPa] 400 = 60.0 [ksi]
Total no of welded stud n = "
No of stud carrying tension n = o (a¥ Mbd L
[
No of stud carrying shear ng = b o o
e
For side-face blowout check use ©
No of stud along width edge Npw = 2
No of stud along depth edge Npg = 2 C4 1 S2 1 c2
be
A23.3-04 (R2010)
L . Bolt No Input for Side—Face
Seismic region where IgF,S,(0.2)>=0.35 =| Yes v| ? D.4.35
= Blowout Check Use
Provide built-up grout pad ? =l No =| ? D.71.3
Strength reduction factors
Anchor reinforcement factor s = 0.75 D.7.2.9
Steel anchor resistance factor ¢os = 0.85 8.4.3 (a)
Concrete resistance factor ¢, = 0.65 8.4.2
Resistance modification factors
Anchor rod - ductile steel Ris = 0.80 Rvs = 0.75 D.5.4(a)
Concrete - condition A Ric = 1.15 Ryc = 1.15 D.5.4(c)
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CONCLUSION
Abchor Rod Embedment, Spacing and Edge Distance
Min Rquired Anchor Reinft. Development Length
Overall
Tension
Stud Tensile Resistance
Anchor Reinft Tensile Breakout Resistance
Stud Pullout Resistance
Side Blowout Resistance
Shear
Stud Shear Resistance
Anchor Reinft Shear Breakout Resistance

Strut Bearing Strength

Tie Reinforcement
Conc. Pryout Not Govern When hg >= 12d,
Stud on Conc Bearing
Tension Shear Interaction
Tension Shear Interaction
Ductility Tension

Seismic Design Requirement

CACULATION

ratio = 0.14

Anchor Reinft Tensile Breakout Resistance
Min tension development length ly =
for ver. 25M bar

Actual development lenngth l, =
<0.5Nef
% 200
©
P -
35°
_

Seismic design strength reduction

0.10

ratio

Non-ductile

Stud Tensile Resistance Ngr = n¢ Age ¢s futa Res

hes - € (50mm) - 200mm x tan35

Neor = das X fy xny X Ag X (Ig /g i 15 < g)

x 0.75 applicable

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

Shear

Code Reference
OK A23.3-04 (R2010)

0.25 OK 12.21

0.60 OK

0.14 OK

0.10 OK

0.25 OK

0.26 OK

0.19 OK

0.60 OK

0.30 OK
OK

0.21 OK

0.46 OK

Non-ductile A23.3-04 (R2010)
NG D.4.3.6

617.7

887

1207
300

1242.0
931.5

leFaSa(0.2)>=0.35, A23.3-04 D.4.3.7 or D.4.3.8 must be satisfied for non-ductile design

Code Reference
A23.3-04 (R2010)
[kN] D.6.1.2 (D-3)
OK

[mm] 12.2.3
[mm]
oK 12.2.1
kN] 1225
[kN] D.4.35
oK

30of6
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Stud 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

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

Seismic design strength reduction

Group side blowout resistance

Govern Tensile Resistance

NCPI’

ratio

cp
Ric

8 Aprg dc fo' Ric

Ne ¥op Nor

x 0.75 applicable
0.25

1 for cracked conc

1.00

Nouw = Nu X Ny / Nt

Cc
h ef

S22

Nsbr,w

Nsbgr,w

ratio

Nbud
[
hef

S11

Nsbr,d

Nsbgr,d

ratio

Nsbgr

min (¢4, C3)
1397 [mm]
2.5¢

152 [mm]
6C

(1+s/ 6€) X Ngpr.w

Npw X Ngpr.w X [1+(Cz 0r cg)/ c] / 4

x 0.75 applicable
0.26

= Ny X Npg / Ny
min (Cy, C4)
1397 [mm]
2.5c
152 [mm]
6C

(1 +s/ 6C) X ¢t.c Nsbr,d

Npa X Neprg X [1+(cq Orc3)/ c] / 4

x 0.75 applicable
0.26

min ( Nsr, Nrbrr Ncpra Nsbgr)

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

119.3
477.2
357.9
Ny

pullout strength is always Condition B

44.5
127

side bowout is applicable

S=8; =

152

edge anchors work as a group

13.3¢\/Ayy 4. . Ry -

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

191.3

2294
0.0
172.1
Npuw

44.5
127

side bowout is applicable

S=81 =

152

edge anchors work as a group

13.3¢\/Ay, ¢. . Ry -

>
~_—
]

191.3
229.4
0.0

1721

Nbud

3441

344.1

4 0of 6
Code Reference
A23.3-04 (R2010)
[kN] D.6.3.4 (D-16)
[kN] D.6.3.1 (D-15)
[kN] D435
OK
D.6.3.6
D.5.4(c)
ACI318 M-08
[kN] RD.5.4.2
[mm]
A23.3-04 (R2010)
D.6.4.1
[mm]
D.6.4.2
[kN]  D.6.4.1(D-18)
[kN] D.6.4.2 (D-19)
[kN]  D.6.4.1
[kN] D.4.3.5
OK
ACI318 M-08
[kN] RD.5.4.2
[mm]
A23.3-04 (R2010)
D.6.4.1
[mm]
D.6.4.2
[kN]  D.6.4.1(D-18)
[kN] D.6.4.2 (D-19)
[kN]  D.6.4.1
[kN] D.4.3.5
OK
[kN]
[kN]
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5 of 6
Code Reference
A23.3-04 (R2010)
Stud Shear Resistance Vo = Ng Ase bs futa Rus = 579.1 [kN] D.7.1.2 (a) (D-20)
Reduction due to built-up grout pads = x 1.0, not applicable = 579.1 [kN] D.71.3
ratio = 0.19 >V, OK
Anchor Reinft Shear Breakout Resistance ACI318 M-08
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
\/u/Z Vu/z -
L i o S
4 >< ce}
& N
Tt Tt —a It Tt < 9
/ \
Cs Cs _ A 5
o 35
/ | e
s 0 @) [® )
dn
Strut-and-Tie model geometry d, = 57 [mm] d, = 57 [mm]
06 =45 d; = 81 [mm]
Strut compression force C;, = 0.5V,/sinb =786 [kN]
ACI318 M-08
Strut Bearing Strength
Strut compressive strength fee = 0.85f1 =235 [MPa] A.3.2(A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min( 8d,, he) = 203 [mm] D.6.2.2
Anchor bearing area Abrg = lexd, = 5161 [mm?]
Anchor bearing resistance Cr = Ny X st X foe X Aprg = 363.3 [KN]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Apg = (lo+1.5 x dy- do/2 -dp/2) x dp = 7473 [mm?]
Ver bar bearing resistance Cr = dst X foe X Aprg =131.5 [kN]
ratio = 0.60 > Cq OK
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6 of 6
Tie Reinforcement Code Reference
* 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 J-bolt as per A23.3-04 Annex D Eq. (D-17) as the max force can be developed at hook T,

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

Total number of hor tie bar n = Nig(leg) x ny (layer) =8
A23.3-04 (R2010)
Pull out resistance at hook Ty = 0.9 ¢ ;' en dyp Rie =16.3 [kN] D.6.3.5 (D-17)
e, =45d, = 68 [mm]

Single tie bar tension resistance Tr = dasx fy X Ag = 62.1 [kN]
Total tie bar tension resistance Vipr = 1.0xnxTr = 496.8 [kN]
Seismic design strength reduction = x0.75 applicable = 372.6 [kN] D.4.3.5

ratio = 0.30 >V, OK

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

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

12d, = 305 [mm] hes = 1397 [mm]
> 12d, OK
CSA S16-09
Stud on Conc Bearing B, = ngx 1.4 x ¢ x min(8d,, her) x dy x f' = 518.5 [kN] 25.3.3.2
ratio = 0.21 >V, OK
Govern Shear Resistance V, = min ( Vg, Vi, Br) = 372.6 [kN]
A23.3-04 (R2010)
Tension Shear Interaction
Check if N;>0.2 N, and V,>0.2 V, Yes D.8.2&D.8.3
NN, + Vy/V, = 0.56 D.8.4 (D-35)
ratio = 0.46 <12 OK
Ductility Tension
Ng = 617.7  [kN]
> min ( Ny, Nepr, Nebgr ) = 3441 [kN]
Non-ductile
Ductility Shear
Vg = 5791 [kN]
> min ( Vi, By = 372.6 [kN]
Non-ductile
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Example 23: Welded Stud + Anchor Reinft + Tension Shear & Moment + ACI 318-08 Code

MPS
12.7"

v Mu=35KIP-FT
R - Vu=29KIPS
[t
N # # v A
EN N E
N R . 3
o
5 16" 5
\ o \
M, = 35 kip-ft N.= 10 kips (Compression) Vu = 25 kips
Concrete fo'= 4 ksi Rebar f,=60 ksi
Pedestal size 26" x 26”
Anchor stud AWS D1.1 Grade B 1.0” dia her = 55” h, =60"
Seismic design category < C
Anchor reinforcement Tension > 2-No 8 ver. bar

Shear - 2-layer, 2-leg No 4 hor. bar

No built-up grout pad for embedded plate.

Dongxiao Wu P. Eng.

Note: The stud length used in this example may not be commercially available and it’s for illustration purpose only.

Deep anchor stud embedment hes is required for anchor reinforcement to develop resistance on both sides of the

failure plane.
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STUD ANCHOR DESIGN Combined Tension, Shear and Moment

Anchor bolt design based on Code Abbreviation

ACI 318-08 Building Code Requirements for Structural Concrete and Commentary Appendix D ACI 318-08

PIP STE05121 Anchor Bolt Design Guide-2006 PIP STE05121

Code Reference
Assumptions ACI 318-08

1. Concrete is cracked

2. Condition A - supplementary reinforcement is provided D.4.4 (c)
3. Load combinations shall be as per ACI 318-08 Chapter 9 or ASCE 7-05 Chapter 2 D.4.4
4. Anchor reinft strength is used to replace concrete tension / shear breakout strength as per

ACI318-08 Appendix D clause D.5.2.9 and D.6.2.9 D.5.29&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

)]

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 D.3.1
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

Anchor Stud Data

Factored moment M, = 35.0 [kip-ft] = 475 [kNm]
Factored tension /compression N, = -10.0 [kips]  in compression = -445 [kN]
Factored shear V, = 25.0 [Kkips] =111.2 [kN]

Sz
23
+

Si

2 BOLT LINE S BOLT LINE 4 BOLT LINE
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No of bolt line for resisting moment =| 2 Bolt Line ll Code Reference
No of bolt along outermost bolt line =2
min required PIP STE05121
Outermost stud line spacing sq s1 = 16.0 [in] 4.0 OK Page A -1 Table 1
Outermost stud line spacing s» sy = 16.0 [in] 4.0 OK
Internal stud line spacing spq Sp1 = 10.5 [in] 4.0 OK
Internal stud line spacing sy Sp2 = 0.0 [in] 4.0 OK
Column depth d =127 [in]
Concrete strength fo =4.0 [ksi] =276 [MPa]
Stud material =| AWS D1.1 Grade B |
Stud tensile strength futa = 65 [ksi] = 448 [MPa] ACI 318-08
Stud is ductile steel element D.1
Stud diameter dq =| 1 | [in] =254 [mm]
Stud shank area A = 0.79 [in%] = 507 [mm?]
Stud head bearing area Apg = 1.29 [in?] = 831 [mm?]
min required PIP STE05121
Stud embedment depth hes = 55.0 [in] 12.0 OK Page A -1 Table 1
Pedestal height h =60.0 [in] 58.0 OK
Pedestal width b, = 26.0 [in]
Pedestal depth d; = 26.0 [in]
Stud edge distance ¢, ¢, =5.0 [in] 4.5 OK Page A -1 Table 1
Stud edge distance c, c, = 5.0 [in] 4.5 OK
Stud edge distance c; c; = 5.0 [in] 4.5 OK
Stud edge distance c, cs =5.0 [in] 4.5 OK
<@§ <=min(0.5C1,0.3C2) <=min(0.5C1,0.3C2)
\
LA ) T e w— I
// ~ 8 = 8 = 8
/ *® [ \| K Q\ L] i [ 9 —K— [ [ ] —K
,\ | e S AR ° oA o S
* o — 8 | »— ] J —F /—4\ —
AN d S 35° S P = S
— \C \ ! Y \( O J
Cq ‘Sz‘ C2 C4 S2), C2 Ca ‘Sz C2
N \ \
be be be
Ver. Reinft For Tension Hor. Ties For Shear - 4 Legs Hor. Ties For Shear - 2 Legs
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%\ Code Reference
‘ My
[V
= d
r 1
N e <
_C“q—, \\ // ©
~ s —>F— * -
N e V
=1 = o o~ u
3 @ 1=
< —~+— . e
)
dm
C1 ‘ S1 ‘ Cs C1 S1 Cs
\ \ ‘
dc de
ACI 318-08
To be considered effective for resisting anchor tension, ver reinforcing bars shall be located RD.5.2.9
within 0.5h, from the outmost anchor's centerline. In this design 0.5h; value is limited to 8 in.
0.5hg = 8.0 [in]
No of ver. rebar that are effective for resisting anchor tension n, =2
Ver. bar size No. I 8 'l: 1.000 [in] dia single bar area A; = 0.79 [in%]
To be considered effective for resisting anchor shear, hor. reinft shall be located RD.6.2.9
within min( 0.5c4, 0.3¢c, ) from the outmost anchor's centerline min(0.5¢c4, 0.3¢c,) = 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 'l ?
Hor. tie bar size No. I 4 - I: 0.500 [in] dia single bar area A; = 0.20 [inz]
For anchor reinft shear breakout strength calc I 100% hor. tie bars develop full yield strength ;l ?
suggest
Rebar yield strength f, = 60 [ksi] 60 =414 [MPa]
S
. ‘f:]‘[ Nbd N
| o S
Total no of welded stud n=4 Mow - _
o
Number of stud carrying tension n =2
Number of stud carrying shear ng =2 . ‘SZ‘ o
N
De
For side-face blowout check use
No of stud along width edge Npw = 2 Bolt No Input for Side—Face
Blowout Check Use ACI 318-08
Seismic design category >= C =l No =| ? D.3.3.3
Provide built-up grout pad ? =| No L| ? D.6.1.3
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Strength reduction factors

CACULATION

Stud Tensile Force

Single stud tensile force

Sum of bolt tensile force

Stud Tensile Resistance

for ver. #8 bar

Actual development lenngth

Min tension development length

Anchor reinforcement ¢os = 0.75
Anchor rod - ductile steel ds = 0.75 ¢dys = 0.65
Concrete - condition A ¢ = 0.75 ¢,c = 0.75
CONCLUSION
Abchor Rod Embedment, Spacing and Edge Distance OK
Min Rquired Anchor Reinft. Development Length ratio = 0.25 OK
Overall ratio = 0.94 OK
Tension
Stud Tensile Resistance ratio = 0.32 OK
Anchor Reinft Tensile Breakout Resistance ratio = 0.35 OK
Stud Pullout Resistance ratio = 0.43 OK
Side Blowout Resistance ratio = 0.38 OK
Shear
Stud Shear Resistance ratio = 0.38 OK
Anchor Reinft Shear Breakout Resistance

Strut Bearing Strength ratio = 0.59 OK

Tie Reinforcement ratio = 0.69 OK
Conc. Pryout Not Govern When hy >= 12d, OK
Tension Shear Interaction
Tension Shear Interaction ratio = 0.94 OK
Ductility

Tension  Non-ductile Shear  Non-ductile

Seismic Design Requirement OK

SDC< C, ACI318-08 D.3.3 ductility requirement is NOT required

Anchor Reinft Tensile Breakout Resistance

Ti = 1242 [kips]  No of stud for Tynyy = 2
T, = 0.00 [kips]  No of stud for Tong, = 0
T3 = 0.00 [kips]  No of stud for T3nyz = 0
Ny = ZnT; =248 [kips]
¢t,s Nsa = ¢t,s Asefuta = 38.3 [k|p5]
ratio = 0.32 > T, OK
ly = =474 [in]
|, = hes-c (2in) - 8in x tan35 =474 [in]
> 12.0 OK

40f7
Code Reference
ACI 318-08
D.5.29&D.6.2.9
D.4.4(a)
D.4.4(c)

12.21

D.3.34

ACI 318-08

D.5.1.2 (D-3)

12.21,12.2.2,12.2.4

12.21
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50f7
S <0.5hef Code Reference
i 8in
© g
2 -
35°
_— ACI 318-08

Neor = &g Xy XNy X Ag X (I / 1y if 15 < 1g) 71.0 [kips] 12.2.5
x 1.0 not applicable 71.0 [kips] D.3.3.3

ratio = 0.35 >N, L%

Seismic design strength reduction

Stud Pullout Resistance

Single bolt pullout resistance N, = 8 Aygfe'
Ncpr =¢ t,c an =¢ t,c q'lc,p Np

Seismic design strength reduction

41.2 [kips] D.5.3.4 (D-15)
28.9 [kips] D.5.3.1 (D-14)
28.9 [kips] D.3.3.3

x 1.0 not applicable

ratio = 0.43 > T 21
W.p = 1 for cracked conc D.5.3.6
¢c = 0.70 pullout strength is always Condition B D.4.4(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 Npw = n11 T4 =248 [kips] RD.5.4.2
¢ =min(cq,C3) = 5.0 [in]
Check if side blowout applicable hes = 55.0 [in]
> 2.5¢c 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 010 Nep = ¢, (160c,[A, ) 4 JF, =431  [kips] D.5.4.1(D-17)

Multiple anchors SB resistance Ot cNspgw =

work as a group - applicable = (1+s/ 6C) X ¢ Ngp = 66.0 [kips] D.5.4.2 (D-18)
work individually - not applicable = Npw X ot Ngp X [1+(ca 0rc4)/ ]/ 4 =0.0 [kips] D.5.4.1
Seismic design strength reduction = x 1.0 not applicable = 66.0 [kips] D.3.3.3
ratio = 0.38 > Npuw OK
. A Nsb r,w .
Group side blowout resistance dtc Nobg = dre —2n, = 66.0 [kips]
nT1
Govern Tensile Resistance N; = ¢ min (ngNg, Np, N N, Nopg ) =57.7 [kips]
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Code Reference
ACI 318-08
Stud Shear Resistance dvs Vsa = 0 ysNs Age futa = 66.4 [kips] D.6.1.2 (a) (D-19)
Reduction due to built-up grout pads = x 1.0, not applicable = 66.4 [kips] D.6.1.3
ratio = 0.38 >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
/2 /2 =
o4 > 00
- [@N]
Tt Tt @ — Tt Tt < =
/ \
Cs Cs _ N 5
o 35
/ \ =
g 0 @) Q, »,
dh
Strut-and-Tie model geometry d, = 2.250 [in] d, = 2.250 [in]
06 =45 d; = 3.182 [in]
Strut compression force C;, = 0.5V,/sinb =17.7 [kips]
ACI 318-08
Strut Bearing Strength
Strut compressive strength fee = 0.85f1 =34 [ksi] A.3.2 (A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min( 8d,, he) =8.0 [in] D.6.2.2
Anchor bearing area Abrg = lexd, = 8.0 [in]
Anchor bearing resistance Cr = Ny X st X foe X Aprg = 40.8 [Kips]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Apg = (Ie+1.5 x d;- d,a/2 -dy/2) x dy =11.8 [in?]
Ver bar bearing resistance Cr = st X foe X Aprg = 30.0 [kips]
ratio = 0.59 > Cq OK
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7of7
Code Reference
Tie Reinforcement ACI 318-08
* 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 ACI318-08 Eq. (D-16) as the max force can be developed at hook T},

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

Total number of hor tie bar N = Neg(leg) x ny,y (layer) =4
Pull out resistance at hook Th = ¢09f end, = 3.0 [kips] D.5.3.5 (D-16)
e, = 4.5dy = 2.250 [in]
Single tie bar tension resistance Tr = dsxfy xAg =9.0 [kips]
Total tie bar tension resistance Vi, =1.0xnxTr = 36.0 [kips]
Seismic design strength reduction = x 1.0 not applicable = 36.0 [kips] D.3.3.3
ratio = 0.69 >V, OK

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

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

12d, = 12.0 [in] hes = 55.0 [in]
> 12d, OK
Govern Shear Resistance V, = min (¢ysVea, Vi) = 36.0 [kips]
Tension Shear Interaction
Check if N, >0.2¢ N, and V,>0.2¢ V, Yes D.7.1&D.7.2
N/N, + VIV, =112 D.7.3 (D-32)
ratio = 0.94 <12 OK
Ductility Tension ¢rs Ngg = 38.3 [kips]
> dye Min (Nrp, Nop, Nepg ) = 28.9 [kips]
Non-ductile
Ductility Shear Ors Nsg = 66.4 [kips]
> Vy = 36.0 [kips]
Non-ductile
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Example 24: Welded Stud + Anchor Reinft + Tension Shear & Moment + CSA A23.3-04 Code

13 N u‘:44.5 kN
i
~ Mu=47.4 kNm
o < Vo=t 2K
KOS # * v 7
d ¢ | | - ;
© < M
=2
N - * ©
N
127 406 127
| 660 |
My =47.4 kKNm N,=44.5 kN (Compression) Vy=111.2 kN
Concrete fo'=27.6 MPa Rebar f,=414 MPa
Pedestal size 660mm x 660mm
Anchor stud AWS D1.1 Grade B 1.0” dia her= 1397mm ha =1524mm
Seismic design Ie F5S4(0.2) < 0.35
Anchor reinforcement Tension > 2-25M ver. bar

Shear > 2-layer, 2-leg 15M hor. bar
No built-up grout pad for embedded plate.
Note: The stud length used in this example may not be commercially available and it's for illustration purpose only.

Deep anchor stud embedment hes is required for anchor reinforcement to develop resistance on both sides of the

failure plane.
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STUD ANCHOR DESIGN Combined Tension, Shear and Moment

Anchor bolt design based on Code Abbreviation

CSA-A23.3-04 (R2010) Design of Concrete Structures Annex D A23.3-04 (R2010)

ACI 318M-08 Metric Building Code Requirements for Structural Concrete and Commentary ACI318 M-08

PIP STE05121 Anchor Bolt Design Guide-2006 PIP STE05121

Code Reference

Assumptions A23.3-04 (R2010)
1. Concrete is cracked

2. Condition A - supplementary reinforcement is provided D.5.4 (c)

3. Anchor reinft strength is used to replace concrete tension / shear breakout strength as per ACI318 M-08
ACI318 M-08 Appendix D clause D.5.2.9 and D.6.2.9 D.5.29&D.6.2.9

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

5. Strut-and-Tie model is used to anlyze the shear transfer and to design the required tie reinft A23.3-04 (R2010)

6. For anchor group subject to moment, the anchor tensile load is designed using elastic analysis D.4.1

and there is no redistribution of the forces between highly stressed and less stressed anchors
7. 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

Anchor Stud Data

Factored moment M, =474 [kNm] = 35.0 [Kip-ft]
Factored tension /compression N, = -445 [kN] in compression =-10.0 [kips]
Factored shear V, =111.2 [kN] =250 [kips]

v e o

S2
.
+
S2
-
-
S2
-
+

2 BOLT LINE S BOLT LINE 4 BOLT LINE
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No of bolt line for resisting moment

=| 2 Bolt Line ll

20of 7

Code Reference

Ver. Reinft For Tension

Hor. Ties For Shear - 4 Legs

No of bolt along outermost bolt line =2
min required
Outermost stud line spacing sq s = 406 [mm] 102 OK PIP STE05121
Outermost stud line spacing s» s, = 406 [mm] 102 OK Page A -1 Table 1
Internal stud line spacing spq Sp1 = 267 [mm] 102 OK
Internal stud line spacing sy Sp2 = 0 [mm] 102 OK
Column depth d = 323 [mm]
Concrete strength fo =28 [MPa] =4.0 [ksi]
Anchor bolt material =| AWSD1.1 Grade B j
Anchor tensile strength futa = 65 [ksi] = 448 [MPa] A23.3-04 (R2010)
Stud is ductile steel element D.2
Stud diameter dq =| 1 | [in] =254 [mm]
Stud shank area A = 0.79 [in%] = 507 [mm?]
Stud head bearing area Apg = 1.29 [in?] = 831 [mm?]
min required PIP STE05121
Anchor bolt embedment depth hes = 1397 [mm] 305 OK Page A -1 Table 1
Pedestal height h = 1524 [mm] 1473 OK
Pedestal width b, = 660 [mm]
Pedestal depth d; = 660 [mm]
Stud edge distance ¢, cy =127 [mm] 115 OK Page A -1 Table 1
Stud edge distance c, C, =127 [mm] 115 OK
Stud edge distance c3 c3 =127 [mm] 115 OK
Stud edge distance c, Cq =127 [mm] 115 OK
<ﬁ( <=min(0.5C1,0.3C2) <=min(0.5C1.0.3C2)
1
6/1 9 D) m_m Q\—o_b
// N S = S = S
/ L ] * ® \| K Q\ L) i L ) — K L ] —r
,\ | e S o S o | @ S
[ . —K o N J| K% /—4.\ —
N 7 S 35° S V35 S
— oo J I o o
C4 ‘Sz‘ C2 C4 ‘Sz C2 C4 182 C2
! I
b be be

Hor. Ties For Shear - 2 Legs
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%\ Code Reference
‘ My
VU
= d
r 1
- <
g \\\\ /// ii - -
2 ol o <Vu
< < :i— ¢H:H¢
(&)
dm
C1 ‘ S1 ‘ Cs C1 S1 Cs
Cde do
ACI318 M-08
To be considered effective for resisting anchor tension, ver reinforcing bars shall be located RD.5.2.9
within 0.5hg from the outmost anchor's centerline. In this design 0.5h¢ value is limited to 200mm.
0.5hg = 200 [mm]
No of ver. rebar that are effective for resisting anchor tension n, =2
Ver. bar size dy =| 25 vI single bar area A; = 500 [mm?]
To be considered effective for resisting anchor shear, hor. reinft shall be located RD.6.2.9
within min( 0.5c4, 0.3c, ) from the outmost anchor's centerline min(0.5c4, 0.3¢,) = 38 [mm]
No of tie leg that are effective to resist anchor shear Negg = 2 ?
No of tie layer that are effective to resist anchor shear Niay =| 2 vI ?
Hor. bar size dy, = I 15 vl single bar area A; = 200 [mm?]
For anchor reinft shear breakout strength calc |_100% hor. tie bars develop full yield strength ;l ?
suggest
Rebar yield strength f, =414 [MPa] 400 = 60.0 [ksi]
Total no of welded stud n=4 o
No of stud carrying tension n =2 ° ‘r:‘f (lbd e
No of stud carrying shear ng =2 D o S
N
For side-face blowout check use ©
No of stud along width edge Npw = 2
C4 ‘ S2 ‘ C2
I be I
Bolt No Input for Side—Face
Blowout Check Use
A23.3-04 (R2010)
Seismic region where IgF,S,(0.2)>=0.35 =| No L| ? D.4.3.5
Provide built-up grout pad ? =l No =| 7 D.7.1.3
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Code Reference
Strength reduction factors A23.3-04 (R2010)
Anchor reinforcement factor bas = 0.75 D.7.2.9
Steel anchor resistance factor ¢0s = 0.85 8.4.3 (a)
Concrete resistance factor o, = 0.65 8.4.2

Resistance modification factors

Anchor rod - ductile steel Ris = 0.80 Rys = 0.75 D.5.4(a)
Concrete - condition A Ric = 1.15 Ryc = 1.15 D.5.4(c)
CONCLUSION

Abchor Rod Embedment, Spacing and Edge Distance OK

Min Rquired Anchor Reinft. Development Length ratio = 0.25 OK 1221
Overall ratio = 0.76 OK

Tension

Stud Tensile Resistance ratio = 0.36 OK

Anchor Reinft Tensile Breakout Resistance ratio = 0.36 OK

Stud Pullout Resistance ratio = 0.46 OK

Side Blowout Resistance ratio = 0.38 OK

Shear

Stud Shear Resistance ratio = 0.38 OK

Anchor Reinft Shear Breakout Resistance

Strut Bearing Strength ratio = 0.60 OK

Tie Reinforcement ratio = 0.45 OK
Conc. Pryout Not Govern When hg; >= 12d, OK
Stud on Conc Bearing ratio = 0.43 OK
Tension Shear Interaction
Tension Shear Interaction ratio = 0.76 OK
Ductility

Tension  Non-ductile Shear  Non-ductile

Seismic Design Requirement OK D.4.3.6

leFaSa(0.2)<0.35, A23.3-04 D.4.3.3 ductility requirement is NOT required

CACULATION
Anchor Tensile Force
Single stud tensile force T4 =55.2 [kN] No of stud for Ty nyy = 2
T, = 0.0 [kN] No of stud for Ton, = 0
T3 = 0.0 [kN] No of stud for T3ny; = 0
Sum of stud tensile force Ny =2nT, = 110.3 [kN]
Stud Tensile Resistance Ngr = Ase ¢s futa Res = 1544 [kN] D.6.1.2 (D-3)
ratio = 0.36 > Ty OK
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Min tension development length
for ver. 25M bar

Actual development lenngth

<0.5her
% 200
°
2 _°
35°
—_—

Seismic design strength reduction

Stud 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

Group side blowout resistance

Govern Tensile Resistance

ly

Nrbr

ratio

pr

Ncpr

ratio

Wep
Ric

Nbuw
C
hef

S22

Nsbr,w

Nsbgr,w

ratio

Nsbgr

Anchor Reinft Tensile Breakout Resistance

hes- € (50mm) - 200mm x tan35

Gas X fy XNy X Ag X (I / 1y if 15 <1g)
x 1.0 not applicable
0.36

8 Aprg dc fo' Ric

% ¢ Nor

x 1.0 not applicable
0.46

1 for cracked conc
1.00

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

887

1207
300

310.5
310.5

119.3
119.3
119.3
T,

pullout strength is always Condition B

nr T4 = 110.3

min (¢4, C3) =127

1397 [mm]

2.5¢c side bowout is applicable

406 [mm] s=s, = 406

6C edge anchors work as a group

13.3c\[A,, ¢, s Ric = 191.3

(1+s/ 6¢) X Ngprw = 293.2

Npw X Ngprw X [1+(Co 0r Cq)/ C] / 4 = 0.0

x 1.0 not applicable = 293.2

0.38 > Npuw

Nosgrw = 203.2
Mo,

min ( Ny Ngr, Nepr, N Negr, Nopgr ) = 238.6

[mm]

[mm]

OK

[kN]
[kN]
OK

[kN]

[kN]

[kN]
OK

[kN]

[mm]
[mm]
[kN]
[kN]
[kN]
[kN]
OK

[kN]

[kN]

Code Reference
A23.3-04 (R2010)
12.2.3

12.21

12.2.5
D.4.3.5

D.6.3.4 (D-16)
D.6.3.1 (D-15)
D.4.35

D.6.3.6
D.5.4(c)

ACI318 M-08

RD.5.4.2

A23.3-04 (R2010)
D.6.4.1

D.6.4.2
D.6.4.1 (D-18)

D.6.4.2 (D-19)
D.6.4.1
D.4.35

50f7
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Stud Shear Resistance

Reduction due to built-up grout pads

STM strength reduction factor

Vo/2 /2

Tt Tt - Tt Tt ~
/ \
Cs Cs

Anchor Reinft Shear Breakout Resistance

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

dh

Strut-and-Tie model geometry

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

60of 7
Code Reference
A23.3-04 (R2010)
Vo = Ng Ase bs futa Rus = 289.5 [kN] D.7.1.2 (a) (D-20)
= x 1.0, not applicable = 289.5 [kN] D.7.1.3
ratio = 0.38 >V, OK
ACI318 M-08
¢s = 0.75 9.3.2.6
dﬁt
=~
:m 8
=< O
- [@\]
1
A
© 35
|
»,
d, = 57 [mm] d, = 57 [mm]
8 =45 di = 81 [mm]
Cs = 0.5V, /sinB = 78.6 [kN]
ACI318 M-08
fee = 0.85f'; =235 [MPa] A.3.2 (A-3)
|, = min( 8d,, he) = 203 [mm] D.6.2.2
Apg = loxd, = 5161 [mm?]
Cr = Ny X st X foe X Aprg = 181.6 [kN]
>V, OK
Apg = (Ie+1.5 x d;- d,a/2 -dy/2) x dy = 7473 [mm?]
C = st XfceXAbrg = 1315 [kN]
ratio = 0.60 > Cs B¢
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7of7
Code Reference
Tie Reinforcement
* 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 J-bolt as per A23.3-04 Annex D Eq. (D-17) as the max force can be developed at hook T,

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

Total number of hor tie bar N = Neg(leg) x ny,y (layer) =4 A23.3-04 (R2010)
Pull out resistance at hook Th = 0.9 ¢, ' en dp Ric = 16.3 [kN] D.6.3.5 (D-17)
e, = 4.5d, = 68 [mm]
Single tie bar tension resistance Tr = das X fy X Ag = 62.1 [kN]
Total tie bar tension resistance Vigr = 1.0xnxTr = 248.4 [kN]
Seismic design strength reduction = x 1.0 not applicable = 2484 [kN] D.4.3.5
ratio = 0.45 >V, OK
Conc. Pryout Shear Resistance
The pryout failure is only critical for short and stiff anchors. It is reasonable to assume that for general
cast-in place headed anchors with h; > = 12d,, the pryout failure will not govern
12d, = 305 [mm] het = 1397 [mm]
> 12d, OK CSA S16-09
Stud on Conc Bearing B, = ngx 1.4 x ¢;x min(8d,, her) x dy x f.' = 259.3 [kN] 25.3.3.2
ratio = 0.43 <V, OK
Govern Shear Resistance V, = min (V, Ve, By = 248.4 [kN]
Tension Shear Interaction A23.3-04 (R2010)
Check if N, >0.2 N, and V,>0.2 V, Yes D.8.2&D.8.3
N/N; + Vy/V, = 0.91 D.8.4 (D-35)
ratio = 0.76 <12 OK
Ductility Tension Nsr = 154.4 [kN]
> min ( Nyr , Neprs Npgr ) =119.3  [kN]
Non-ductile
Ductility Shear Vs = 289.5 [kN]
> min ( Vi, By = 2484  [kN]
Non-ductile
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Example 31: Welded Stud + No Anchor Reinft + Tension & Shear + ACI 318-08 Code

w2~7” NuTZO KIPS
__|[Vu=10KIPS
iD -
K - * v il
| © \—‘
[N} — [@N]
'QLO A
N <+ - =
o
1 1
26"
Nu= 20 kips (Tension) V, =10 kips
Concrete fo=4.5 ksi
Anchor stud AWS D1.1 Grade B 1.0” dia her= 127 ha =15”

Seismic design category < C
Supplementary reinforcement Tension - Condition A

Shear = Condition A Yev =1.2

No built-up grout pad for embedded plate.

Dongxiao Wu P. Eng.

Note: The stud length used in this example may not be commercially available and it’s for illustration purpose only.
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Input Data

STUD ANCHOR DESIGN

Anchor bolt design based on

Combined Tension and Shear

set N, = 0 if it's compression

ACI 318-08 Building Code Requirements for Structural Concrete and Commentary Appendix D
PIP STE05121 Anchor Bolt Design Guide-2006

+—

Swl
0

N

de

Factored tension N, = 20.0 [kips] = 89.0 [kN]
Factored shear V, = 10.0 [kips] =445 [kN]
Concrete strength fo =45 [ksi] = 31.0 [MPa]
Stud material =| AWS D1.1 Grade B j
Stud tensile strength futa = 65 [ksi] = 448 [MPa]
Stud is ductile steel element
Stud diameter d, =| 1 | [in] =254 [mm]
Stud shank area Ase = 0.79 [in?] = 507 [mm?]
Stud head bearing area Apg = 1.29 [in%] = 831 [mm?]
min required
Stud embedment depth het = 12.0 [in] 12.0 OK
Concrete thickness h, = 15.0 [in] 15.0 OK
Stud edge distance c; ¢, =5.0 [in] 4.5 OK
Stud edge distance c, c, = 5.0 [in] 4.5 OK
Stud edge distance c3 c; = 5.0 [in] 4.5 OK
Stud edge distance c, cy = 5.0 [in] 4.5 OK
¢; > 1.5h; for at least two edges to avoid reducing of hg; when N, > 0 No
Adjusted hg for design hes = 5.33 [in] 12.0 Warn
Outermost stud line spacing s¢ s = 16.0 [in] 4.0 OK
Outermost stud line spacing s» s, = 16.0 [in] 4.0 OK
Aﬂ min(ci, 1 ‘5hef><DSw@m.ﬂ<Ca,w.5hef>
[
]
= \\\\ ///// S An i;i
I A S o + 4 E
SIG -
o lsi] o & £
T T —
de =
Cs £
=

10f6

Code Abbreviation
ACI 318-08
PIP STE05121

Code Reference

ACI 318-08
D.1

PIP STE05121
Page A -1 Table 1

Page A -1 Table 1

ACI 318-08
D.5.23

D.5.2.3

PIP STE05121
Page A -1 Table 1
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Number of stud at bolt line 1 ng =2 Code Reference
Number of stud at bolt line 2 n, =2 S
. ‘r:‘f Ned | |
Total no of welded stud n=4 | jf °
Number of stud carrying tension n =4 ”bw@ _
Number of stud carrying shear ng = °

For side-face blowout check use | b
C

No of stud along width edge Npw = 2

No of stud along depth edge Mg =2 Bolt No Input for Side—Face

Blowout Check Use

ACI 318-08

Seismic design category >= C =| No = | ? D.3.3.3
Supplementary reinforcement

For tension =| Yes=| Condition A D.4.4 (c)

For shear Y.v =| 1.2 = | Condition A ? D.6.2.7
Provide built-up grout pad ? =| No L| ? D.6.1.3
Strength reduction factors
Anchor reinforcement ¢os = 0.75 D.5.29&D.6.2.9
Anchor rod - ductile steel ds = 0.75 ¢dys = 0.65 D.4.4 (a)

Concrete ¢ = 0.75 Cdn-A ¢yc = 0.75 Cdn-A D.4.4 (c)

Assumptions

1. Concrete is cracked

2. Condition A - supplementary reinforcement provided D.4.4 (c)
3. Load combinations shall be per ACI 318-08 Chapter 9 or ASCE 7-05 Chapter 2 D.4.4

4. Tensile load acts through center of bolt group W, n =1.0 D.5.2.4
5. Shear load acts through center of bolt group ¥e.y =1.0 D.6.2.5
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CONCLUSION

Abchor Rod Embedment, Spacing and Edge Distance

Overall ratio
Tension

Stud Tensile Resistance ratio
Conc. Tensile Breakout Resistance ratio
Stud Pullout Resistance ratio
Side Blowout Resistance ratio
Shear

Stud Shear Resistance ratio
Conc. Shear Breakout Resistance ratio
Conc. Pryout Shear Resistance ratio

Tension Shear Interaction

Tension Shear Interaction ratio

Ductility
Tension  Non-ductile Shear

Seismic Design Requirement

CALCULATION

Stud Tensile Resistance O tsNsa = ¢ ts Nt Ase futa
ratio = 0.13

Conc. Tensile Breakout Resistance
N, =24 4 f. hLl® if h, <11" or h, > 25"

16 4 4Jf, h%° if 11"<h, < 25"

Projected conc failure area 1.5hg =
Ane = [s4+min(c4,1.5hg)+min(cs,1.5hg)]x
[so+min(c,,1.5heg)+min(cy,1.5h)]
Anco = 9 hef’
Anec = min (Ane, Nt Anco)
Min edge distance Cmin = MIN( Cy, Cz, C3, C4 )
Eccentricity effects Ween = 1.0 for no eccentric load
Edge effects Wean = min[ (0.7+0.3¢in/1.5h¢), 1.0 ]
Concrete cracking W.n = 1.0 for cracked concrete
Concrete splitting Wepn = 1.0 for cast-in anchor

SDC< C, ACI318-08 D.3.3 ductility requirement is NOT required

Warn

1.00 OK
0.13 OK
0.57 OK
0.15 OK
0.00 OK
0.15 OK
0.62 OK
0.15 OK
1.00 OK
Non-ductile

OK
153.2  [kips]
N, OK
19.8 [kips]
8.00 [in]
676.0  [in?
256.0  [in?
676.0  [in}
5.0 [in]
0.89

30of6

D.3.34

Code Reference
ACI 318-08
D.5.1.2 (D-3)

D.5.2.2 (D-7)
D.5.2.2 (D-8)

D.5.2.1 (D-6)
D.5.2.1

D.5.2.4
D.5.25
D.5.2.6
D.5.2.7
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Code Reference
ACI 318-08
A
Concrete breakout resistance dtc Neog = Dic ﬁ\ljac,w Wean Pon Poon No =34.9 [kips] D.5.2.1 (D-5)
Nco
Seismic design strength reduction = x 1.0 not applicable =34.9 [kips] D.3.3.3
ratio = 0.57 > Ny OK
Stud Pullout Resistance
Single bolt pullout resistance Ny = 8 Apg fe' = 46.4 [kips] D.5.3.4 (D-15)

¢ tc an = ¢ t,c Ny l"Uc,p Np
x 1.0 not applicable

129.9  [kips] D.5.3.1 (D-14)
1299  [kips] D.3.3.3

Seismic design strength reduction

ratio = 0.15 > N, OK
Wep = 1 for cracked conc D.5.3.6
¢ = 0.70 pullout strength is always Condition B D.4.4(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 Npuw = Ny X Ny / Ny =10.0 [kips] RD.5.4.2
c =min(cy,C3) =50 [in]
Check if side blowout applicable hes = 12.0 [in]
< 2.5c side bowout is NOT applicable D.5.4.1
Check if edge anchors work as a Sy, = 0.0 [in] s=s, = 0.0 [in]
a group or work individually < 6¢c side bowout is NOT applicable D.5.4.2
Single anchor SB resistance drc Nop = ¢y (1600 Apyg ) A \/E = 0.0 [kips] D.5.4.1 (D-17)
Multiple anchors SB resistance &t cNspgw =
work as a group - not applicable = (1+s/ 6¢) X g ¢ Ngp = 0.0 [kips] D.5.4.2 (D-18)
work individually - not applicable = Npw X Ot Nep X [1+(cz 0rcy)/ ]/ 4 = 0.0 [kips] D.5.4.1
Seismic design strength reduction = x 1.0 not applicable =0.0 [kips] D.3.3.3
ratio = 0.00 < Npuw OK

Failure Along Pedestal Depth Edge

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

along pedestal depth edge Nbug = Ny X npg / ng =10.0 [kips] RD.5.4.2
c =min(cy Cy) =50 [in]
Check if side blowout applicable hes = 12.0 [in]
< 2.5c side bowout is NOT applicable D.5.4.1
Check if edge anchors work as a s11 = 0.0 [in] s=sy =0.0 [in]
a group or work individually < 6¢c side bowout is NOT applicable D.5.4.2
Single anchor SB resistance drc Nop = ¢y (1600 Apg ) A \/E = 0.0 [kips] D.5.4.1 (D-17)
Multiple anchors SB resistance &t cNspgd =
work as a group - not applicable = (1+s/ 6¢) X g Ngp = 0.0 [kips] D.5.4.2 (D-18)
work individually - not applicable = Npg X ¢ Nep X [1+(cq Or c3)/ c] / 4 = 0.0 [kips] D.5.4.1
Seismic design strength reduction = x 1.0 not applicable =0.0 [kips] D.3.3.3
ratio = 0.00 < Npyg OK
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Code Reference
H NS w NS .
Group side blowout resistance dc Nspg = Pic mm[ iI'1t ) %n( ] = 0.0 [kips] ACI 318-08
bw bd

Govern Tensile Resistance N; = min [ ¢ys Nsa, drc (Noog: Npn» Nspg) 1 =349 [kips]
Stud Shear Resistance dvs Vsa = 0 yvs N Agefita = 66.4 [kips] D.6.1.2 (a) (D-19)
Reduction due to built-up grout pads = x 1.0, not applicable = 66.4 [kips] D.6.1.3

ratio = 0.15 >V, OK

Conc. Shear Breakout Resistance
Only Case 2 needs to be considered when anchors are rigidly connected to the attachment Fig. RD.6.2.1(b) notes

This applies to welded stud case so only Mode 2 is considered for shear checking in Case 2

Mode 2 Failure cone at back anchors

Vi
-
3 N
ok . Cai
e \ -
f 1 (@] \\ @]
< - - N
O / = N
fﬁ / SN PR Vy/2
= / S| & &
N /
= / /§F MR Vu; 2
& L // 3
Ci i S1 l Cs f //
T T A~
de = c lsi] o
< T T
£ de
ACI 318-08
Bolt edge distance Ca1 = Cq + 84 =210 [in]
Limiting c,1 when anchors are influenced by 3 or more edges = Yes D.6.2.4
Bolt edge distance - adjusted Ca1 = cal needs to be adjusted = 10.0 [in] D.6.24
Cy = 5.0 [in]
1.5c,1 = 15.0 [in]

Ayc = [min(cy,1.5C44) + s, + min(cy,1.5¢,1)] X
min(1.5¢,4, hy)
Aveo = 4-50312

AVc = min (Avc, ny AVco)

390.0  [in? D.6.2.1

450.0 [in¥]  D.6.2.1(D-23)
390.0 [in] D.6.2.1

min( 8d, , her ) = 8.0 [in] D.6.2.2

<
o
I

= H(';) \/I} M/E cls = 25.7 [kips] D.6.2.3 (D-25)
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Code Reference
ACI 318-08
Eccentricity effects Weev = 1.0 shear acts through center of group D.6.2.5
Edge effects Wegy = min[ (0.7+0.3¢,/1.5¢,¢), 1.0] = 0.80 D.6.2.6
Concrete cracking Wey = =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
A
resistance Vergz = Boc ﬁTEC.V Youvu You Yoy Vs = 16.1 [kips] D.6.2.1(D-22)
Vco
Seismic design strength reduction = x 1.0 not applicable = 16.1 [kips] D.3.3.3
ratio = 0.62 >V, OK
Conc. Pryout Shear Resistance
kep = 2.0 D.6.3
Factored shear pryout resistance ¢y ¢ Vepg = v.c Kep Neng = 65.1 [kips] D.6.3 (D-31)
dyve = 0.70 pryout strength is always Condition B D.4.4(c)
Seismic design strength reduction = x 1.0 not applicable = 65.1 [kips] D.3.3.3
ratio = 0.15 >V, OK
Govern Shear Resistance Vi = min [ dysVsa, Ovc (Veog: Vepg ) ] =16.1 [kips]
Tension Shear Interaction
Check if N, >0.2¢ N, and V,>0.2¢ V, Yes D.71&D.7.2
NN, + V/V, =1.20 D.7.3 (D-32)
ratio = 1.00 <12 OK
Ductility Tension
¢rs Nsg = 153.2 [kips]
> ¢t,c min (Ncbg, anv Nsbg) =349 [kIpS]
Non-ductile
Ductility Shear
dvs Vea = 66.4 [kips]
> ¢yc MiN (Vopg, Veopg ) = 16.1 [kips]
Non-ductile
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Example 32: Welded Stud + No Anchor Reinft + Tension & Shear + CSA A23.3-04 Code

NUT89 kN
~ - \V u=4415 kN
N
N # # |4 |
O (<o}
g < H:H S
~— M
00
N # * N
~
™~
127 406 127
\ \
660
N.= 89 kN (Tension) V, =445 kN
Concrete fo'= 31 MPa
Anchor stud AWS D1.1 Grade B 1.0” dia hef = 305mm ha =381mm
Seismic design Ie F2S4(0.2) < 0.35
Supplementary reinforcement Tension - Condition A

Shear - Condition A Yev =1.2

No built-up grout pad for embedded plate.

Note: The stud length used in this example may not be commercially available and it’s for illustration purpose only.
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10f6
STUD ANCHOR DESIGN Combined Tension and Shear
Anchor bolt design based on Code Abbreviation
CSA-A23.3-04 (R2010) Design of Concrete Structures Annex D A23.3-04 (R2010)
ACI 318M-08 Metric Building Code Requirements for Structural Concrete and Commentary ACI318 M-08
PIP STE05121 Anchor Bolt Design Guide-2006 PIP STE05121
Input Data set N, = 0 if it's compression Code Reference
Factored tension N, = 89.0 [kN] = 20.0 [kips]
Factored shear uw =445 [kN] =10.0 [kips]
Concrete strength fo =31 [MPa] =45 [ksi]
Anchor bolt material =| AWS D1.1 Grade B g
Anchor tensile strength fua = 65 [ksi] = 448 [MPa] A23.3-04 (R2010)
Stud is ductile steel element D.2
Stud diameter d, =| 1 | [in] =254 [mm]
Stud shank area A = 0.79 [in%] = 507 [mm?]
Stud head bearing area Apg = 1.29 [in?] = 831 [mm?]
min required PIP STE05121
Anchor bolt embedment depth hes = 305 [mm] 305 OK Page A -1 Table 1
Concrete thickness h, = 381 [mm] 381 OK
Stud edge distance ¢4 cy =127 [mm] 115 OK Page A -1 Table 1
Stud edge distance c, c, =127 [mm] 115 OK
Stud edge distance c3 c3 =127 [mm] 115 OK
Stud edge distance c, Ccy =127 [mm] 115 OK A23.3-04 (R2010)
¢; > 1.5h; for at least two edges to avoid reducing of hgs when N, > 0 No D.6.2.3
Adjusted hg for design het = 135 [mm] 305 Warn D.6.2.3
Outermost stud line spacing s¢ s = 406 [mm] 102 OK PIP STE05121
Outermost stud line spacing s» s, = 406 [mm] 102 OK Page A -1 Table 1
Aﬂ m'm(m,W‘5hef)<081@m'n(03,1.5hef)
M
6
= \\\\ - S An g
s A —— + 4 =
Sl s < &
> + 4 —
Ci l S l C3 S %
T T —
. (o |si] o |
T T =
de
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No of stud at bolt line 1 ng =2
No of stud at bolt line 2 n, =2 S
. ‘r: ‘f Moo | |
Total no of welded stud n=4 | jf e
No of stud carrying tension n =4 ”bW@ _
No of stud carrying shear ng = -
For side-face blowout check use = 1 SZ 1 =
No of stud along width edge Npw = 2 °
No of stud along depth edge Nog = 2 Bolt No Input for Side—Face
Blowout Check Use Code Reference
A23.3-04 (R2010)

Seismic region where IgF,S,(0.2)>=0.35  =| No | ? D.4.35
Supplementary reinforcement

For tension = Yesl| Condition A D.5.4 (c)

For shear Y.v =| 1.2 *| Condition A ? D.7.2.7
Provide built-up grout pad ? =l No =| ? D.7.1.3
Strength reduction factors
Anchor reinforcement factor b0as = 0.75 D.7.2.9
Steel anchor resistance factor ¢0s = 0.85 8.4.3 (a)
Concrete resistance factor o, = 0.65 8.4.2
Resistance modification factors
Anchor rod - ductile steel Ris = 0.80 Rys = 0.75 D.5.4(a)
Concrete Ric = 1.15 Cdn-A Ryc = 1.15 Cdn-A D.5.4(c)
Assumptions
1. Concrete is cracked
2. Condition A for tension - supplementary reinforcement provided D.5.4 (c)
3. Tensile load acts through center of bolt group We,n =1.0 D.6.2.4
4. Shear load acts through center of bolt group Wecy =1.0 D.7.2.5
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CONCLUSION

Abchor Rod Embedment, Spacing and Edge Distance
Overall

Tension

Stud Tensile Resistance

Conc. Tensile Breakout Resistance

Stud Pullout Resistance

Side Blowout Resistance

Shear

Stud Shear Resistance

Conc. Shear Breakout Resistance
Conc. Pryout Shear Resistance

Stud on Conc Bearing

Tension Shear Interaction

Tension Shear Interaction

Ductility

Seismic Design Requirement

CALCULATION

ratio = 0.14

Conc. Tensile Breakout Resistance

Concrete splitting Weon

Tension  Non-ductile

leFaSa(0.2)<0.35, A23.3-04 D.4.3.3 ductility requirement is NOT required

Stud Tensile Resistance Ngr = N Age §s futa Ris

1.0 for cast-in anchor

ratio

ratio
ratio
ratio

ratio

ratio
ratio
ratio

ratio

ratio

Shear

3.9 4, . hSPR,if 275 <h,, <625

Projected conc failure area 1.5hg =
Ane = [s4+min(cq,1.5hg)+min(cs, 1.5hg)]x
[so+min(c,,1.5heg)+min(cy,1.5h)]
Anco = 9 hef’
Anc = min (Ane, Nt Anco)
Min edge distance Cmin = MiN( 4, Cy, C3, C4 )
Eccentricity effects Ween = 1.0 for no eccentric load
Edge effects Wean = min[ (0.7+0.3Cmin/1.5h¢y), 1.0 ]
Concrete cracking W.n = 1.0 for cracked concrete

N, =10 ¢ Vf. hi’ R, if h, <275 or h, > 625

Warn
=1.01 NG
=0.14 OK
= 0.58 OK
=017 OK
= 0.00 OK
=0.15 OK
= 0.63 OK
=0.17 OK
=0.15 OK
=1.01 NG

Non-ductile

OK
=617.7  [kN]
> Ny OK
=655 [kN]
= 203 [mm]
= 44E+05 [mm?
= 1.6E+05 [mmz]
= 44E+05 [mm?]
=127 [mm]
= 0.89

30of6

D.4.3.6

Code Reference
A23.3-04 (R2010)
D.6.1.2 (D-3)

D.6.2.2 (D-7)
D.6.2.2 (D-8)

D.6.2.1 (D-6)
D.6.2.1

D.6.2.4
D.6.2.5
D.6.2.6
D.6.2.7
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Code Reference
A23.3-04 (R2010)
Concrete breakout resistance Neogr = AA:; Ween Yean Yon Yopn Ni =153.7 [kN]  D.6.2.1(D-5)
Seismic design strength reduction = x 1.0 not applicable = 153.7 [kN] D.4.3.5
ratio = 0.58 > N, OK
Stud Pullout Resistance
Single bolt pullout resistance Npr = 8 Aprg 0 ' Ric = 134.0 [kN] D.6.3.4 (D-16)
Nepr = ng Weop N, = 536.0 [kN] D.6.3.1 (D-15)
Seismic design strength reduction = x 1.0 not applicable = 536.0 [kN] D.4.3.5
ratio = 0.17 > N, OK
Wep = 1 for cracked conc D.6.3.6
Ric = 1.00 pullout strength is always Condition B D.5.4(c)
Side Blowout Resistance
Failure Along Pedestal Width Edge
Tensile load carried by anchors close to edge which may cause side-face blowout ACI318 M-08
along pedestal width edge Npww = Ny X gy, / 0y =445 [kN] RD.5.4.2
c =min(cy,C3) =127 [mm]
Check if side blowout applicable hes = 305 [mm] A23.3-04 (R2010)
< 2.5c side bowout is NOT applicable D.6.4.1
Check if edge anchors work as a S =0 [mm] s=s, =0 [mm]
a group or work individually < 6¢c side bowout is NOT applicable D.6.4.2
Single anchor SB resistance Neprw = 13.30% &, \/ﬁ Ric = 0.0 [kN] D.6.4.1 (D-18)
Multiple anchors SB resistance Nebgrw =
work as a group - not applicable = (1+s/ 6¢) X Ngpr.w = 0.0 [kN] D.6.4.2 (D-19)
work individually - not applicable = Npw X Ngprw X [1#(Co 0r c4)/ ] 1 4 = 0.0 [kN] D.6.4.1
Seismic design strength reduction = x 1.0 not applicable =0.0 [kN] D.4.3.5
ratio = 0.00 < Nouw OK
Failure Along Pedestal Depth Edge
Tensile load carried by anchors close to edge which may cause side-face blowout ACI318 M-08
along pedestal depth edge Nbug = Ny X npg / ng =445 [kN] RD.5.4.2
c =min(cy Cy) =127 [mm]
Check if side blowout applicable hes = 305 [mm] A23.3-04 (R2010)
< 2.5c side bowout is NOT applicable D.6.4.1
Check if edge anchors work as a s11 =0 [mm] s=sy =0 [mm]
a group or work individually < 6¢c side bowout is NOT applicable D.6.4.2
Single anchor SB resistance Nspra = 13.30% &, \/ﬁ Ric = 0.0 [kN] D.6.4.1 (D-18)
Multiple anchors SB resistance Nebgra =
work as a group - not applicable = (1+s/ 6¢) X ¢ c Ngpr = 0.0 [kN] D.6.4.2 (D-19)
work individually - not applicable = Npg X Ngpr g X [1+(cq Or c3)/ c] / 4 = 0.0 [kN] D.6.4.1
Seismic design strength reduction = x 1.0 not applicable =0.0 [kN] D.4.3.5
ratio = 0.00 < Npyg OK

2011-12-30 Rev 1.2.7 Page 112 of 157



www.civilbay.com

CivilBay

Concrete Anchorage Design v1.2.7 User Manual Dongxiao Wu P. Eng.

5 of 6
Code Reference
H sbgr,w Ns r
Group side blowout resistance Napgr = mln( %n. , n"g <, j = 0.0 kN]  A23.3-04 (R2010)
bw bd
Govern Tensile Resistance N; = min ( Ng;, Nrpr, Neprs Nopgr ) = 153.7 [kN]
Stud Shear Resistance Vo = Ng Age s futa Rus = 289.5 [kN] D.7.1.2 (a) (D-20)
Reduction due to built-up grout pads = x 1.0, not applicable = 289.5 [kN] D.7.1.3
ratio = 0.15 >V, OK
Conc. Shear Breakout Resistance ACI318 M-08
Only Case 2 needs to be considered when anchors are rigidly connected to the attachment Fig. RD.6.2.1(b) notes
This applies to welded stud case so only Mode 2 is considered for shear checking in Case 2
Mode 2 Failure cone at back anchors
Vu
-
3 N
0 N Col
= S .
r 1 O \\ O
= ~ N
S / = N
- / S PN
~— /
= / /§F M Vy/2
- Q // 3
Ca l S l Cs f /
T T A~
de = ci lsi] o
= T 7T
£ de
A23.3-04 (R2010)
Bolt edge distance Ca1 = Cq + 84 = 533 [mm]
Limiting c,1 when anchors are influenced by 3 or more edges = Yes D.7.2.4
Bolt edge distance - adjusted Ca1 = cal needs to be adjusted = 254 [mm] D.7.2.4
Cy = 127 [mm]
1.5¢, = 381 [mm]
Aye = [min(cy,1.5C,41) + 55 + Min(Cy,1.5¢,4)] X = 2.5E+05 [mm?] D.7.2.1
min(1.5¢,4, hy)
Aveo = 4.5, = 2.9E+05 [mm? D.7.2.1(D-24)
AVc = min (AVcr Ny AVco) = 2.5E+05 [mm2] D.7.21
le = min(8d,, het) = 203 [mm] D.3
| 0.2
Vi = o.ss(dLJ Ja a5 oR,. =849  [kN] D.7.2.3(D-26)
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Code Reference
A23.3-04 (R2010)
Eccentricity effects Weev = 1.0 shear acts through center of group D.7.2.5
Edge effects Wegy = min[ (0.7+0.3¢,/1.5¢,¢), 1.0] = 0.80 D.7.2.6
Concrete cracking Wey = =1.20 D.7.2.7
Member thickness Why = max[ (sqrt(1.5¢c,1/ hy) , 1.0] =1.00 D.7.2.8
Conc shear breakout
resistance Vobgr = AAVV; Weev Yoov Yeu Pov Vor =70.6 [kN] D.7.2.1 (D-23)
Seismic design strength reduction = x 1.0 not applicable =70.6 [kN] D.4.3.5
ratio = 0.63 >V, OK
Conc. Pryout Shear Resistance
kep = 2.0 D.7.3
Factored shear pryout resistance Vepgr = Kep Noogr = 267.3 [kN] D.7.3 (D-32)
Ryc = 1.00 pryout strength is always Condition B D.5.4(c)
Seismic design strength reduction = x 1.0 not applicable = 267.3 [kN] D.4.3.5
ratio = 0.17 >V, OK
CSA S16-09
Stud on Conc Bearing B, = ng x 1.4 X ¢ x min(8d,, hes) x dg x f' = 291.2 [kN] 25.3.3.2
ratio = 0.15 >V, OK
Govern Shear Resistance V; = min ( Vg, Veogr Vepgrs Br) = 70.6 [kN]
A23.3-04 (R2010)
Tension Shear Interaction
Check if N, >0.2 N, and V,>0.2 V, Yes D.8.2&D.8.3
Nu/N; + V/V, =1.21 D.8.4 (D-35)
ratio = 1.01 > 1.2 NG
Ductility Tension
Ng = 617.7  [kN]
> min (Neogr, Nepr, Nsbgr) =153.7  [kN]
Non-ductile
Ductility Shear
Vs = 289.5 [kN]
> min (Vebgr, Vepgr Br) = 70.6 [kN]
Non-ductile
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Example 33: Welded Stud + No Anchor Reinft + Tension Shear & Moment + ACI 318-08 Code

This example taken from Example 10 on page 82 of ACI/ 355.3R-11 Guide for Design of Anchorage to Concrete: Examples
Using ACI 318 Appendix D

Girder beyond hee =9in,  Girder beyond
A A | |
¥ X )]/ ¥ ,@ E i 5 1’; i i ¥ I )
y § “%"““_n', e ‘““"s‘- 5 “5"-
{ ”Eﬂ E P | ;
{ 15in.x24in. square ¢ | ¥ q
7/8 in. diameter 15in i embedded plate i : ] %
welded headed e 0 s § Lof !
studs -_‘-__‘ » ._I_. nm% ; i 2dy { m’hﬂ?ﬂgj_ﬂmmﬂcﬁ;
§ 10 - —t— o ——
— /—W14153 i i i \\??. ! 3 8 ;
] ] ]
\ L1 BB E
= - SO N US| MUY O S WO K- -
#5 stirrups . - 1%&@“»%3*‘»&@’” !. — ] T- %‘ 1 _‘G_
@4in. o.c. | i (4 ' | g 5| g
B } Vool | Muas> | | o b= FoH —
1 k 1 | & i 5§
P . L : g
#otyp.—L L . . ¢ | - (R S S & =
| | =4 =
Normalweight | | E i I !
concrete ——| 1 i 4’1'"?"4'2'?'54"1&_'%%' S I 5
' = i ' L .
o 7 P T/ 3
1‘.'1-‘55 !Hméw‘m g?-p el ..u.an!nEn ilnrn-]l -””"i : g ©w
' 1\ NG #0 B | L )
| | Botiom soffit of 1.31n. typ. [, 105in. ; 10.5in ! 6in.
spandrel girder
18in.
M, = 30 kip-ft Ny = 0 kips, V=20 kips, fo = 4.5 ksi
Anchor stud d;=7/8 in hef =9 in ha=18in
Supplementary reinforcement Tension - Condition B Shear > Condition A W,y =1.2
Provide built-up grout pad Seismic is not a consideration

Field welded plate washers to base plate at each anchor

Notes:

There are two locations in this calculation which are different from calculation in ACI 355.3R-11 Example 10

1. Concrete tension breakout Ane = 1215 in2, different from Anc = 1519 in? , value in ACI 355.3R-11 page 86.
We assume the moment may apply in both directions. When moment causes tensile anchors being close to the edge
side, the An¢ value is consequently reduced.

2. Concrete shear breakout ca1 reduction from 27” to 12” in ACI 355.3R-11 page 90 is not correct. It doesn't comply with
both edge distances ca2,1<1.5Ca1 and ca22<1.5Ca1 . Refer to ACI 318-11 Fig. RD.6.2.4 for more details.
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STUD ANCHOR DESIGN Combined Tension, Shear and Moment
Anchor bolt design based on
ACI 318-08 Building Code Requirements for Structural Concrete and Commentary Appendix D

PIP STE05121 Anchor Bolt Design Guide-2006

Assumptions

1. Concrete is cracked

2. Condition B - no supplementary reinforcement provided

3. Load combinations shall be per ACI 318-08 Chapter 9 or ASCE 7-05 Chapter 2
4. Shear load acts through center of bolt group Wecy =1.0

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

Anchor Stud Data

Factored moment

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

Code Abbreviation
ACI 318-08
PIP STE05121

Code Reference
ACI 318-08
D.4.4 (c)

D.4.4

D.6.2.5

D.3.1

10f6

M, = 30.0 kip-ft]

40.7 [kNm]

Factored tension /compression = 0.0 [kips] = [kN]
Factored shear = 20.0 [kips] = 89.0 [kN]
— . — e oo o o
& e S > S e ha

2 BOLT LINE 5 BOLT LINE
No of bolt line for resisting moment =| 3 Bolt Line "l

No of bolt along outermost bolt line =3

4 BOLT LINE
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Code Reference
min required PIP STE05121
Outermost stud line spacing s¢ s1 =21.0 [in] 3.5 OK Page A -1 Table 1
Outermoststud line spacing sp s; =21.0 [in] 3.5 OK
Internal stud line spacing spq sp1 = 10.5 [in] 3.5 OK
Internal stud line spacing sp» Sp2 = 0.0 [in] 3.5 OK
Column depth d =139 [in]
Concrete strength fo =45 [ksi] = 31.0 [MPa]
Stud material =| AWSD1.1 Grade B g
Stud tensile strength fua = 65 [ksi] = 448 [MPa] ACI 318-08
Stud is ductile steel element D.1
Stud diameter d, =| 0.875 =| [in] =222 [mm]
Stud shank area A = 0.60 [in?] = 388 [mm?]
Stud head bearing area Aug = 0.88 [in?] = 570 [mm?]
min required PIP STE05121
Stud embedment depth hes = 9.0 [in] 10.5 Warn Page A -1 Table 1
Concrete thickness h, = 18.0 [in] 12.0 OK
Stud edge distance ¢, cy = 6.0 [in] 4.5 OK Page A -1 Table 1
Stud edge distance ¢, c; =6.0 [in] 4.5 OK
Stud edge distance c3 c; = 100.0 [in] 4.5 OK
Stud edge distance c, ¢y = 100.0 [in] 4.5 OK ACI 318-08
c; > 1.5h; for at least two edges to avoid reducing of hg; when N, > 0 Yes D.5.2.3
Adjusted hg for design hes = 9.00 [in] 10.5 Warn D.5.2.3
Ny
/ij\M min(cy,1.5her) min(cs+sy,1.5her)
u
Vu [
P9 B
& AN //// S % (j
-~ \\\ /// \_g/
& S P €
E N
4 < ’
Ci1 lSw l C3 8 d %v
T T - An —
d =
. Ci l St l Cs \E/
T T =
=
de
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Number of stud at bolt line 1
Number of stud at bolt line 2
Total no of welded stud
Number of stud carrying tension

Number of stud carrying shear ng

Seismic design category >= C
Supplementary reinforcement
For tension
For shear

Provide built-up grout pad ?

Strength reduction factors
Anchor reinforcement bs
Anchor rod - ductile steel

Concrete

CONCLUSION

Overall

Tension

Stud Tensile Resistance

Conc. Tensile Breakout Resistance
Stud Pullout Resistance

Side Blowout Resistance

Shear
Stud Shear Resistance
Conc. Shear Breakout Resistance

Conc. Pryout Shear Resistance

Tension Shear Interaction

Tension Shear Interaction

Ductility
Tension

Seismic Design Requirement

w

ds = 075
e = 0.70

ng =3
n2=3
n==8

n=5

No =| ?

No | Condition B

.2 *| Condition A ?

H

N ?

&
[+

©
o
o

0.65
0.75

=
<
»

I

Cdn-B

=
<
©

I

Abchor Rod Embedment, Spacing and Edge Distance

0.95

ratio =

0.21
0.64
0.28
0.00

ratio =
ratio =
ratio =

ratio =

0.26
0.50
0.27

ratio =
ratio =

ratio =

0.95

ratio =

Non-ductile Shear

SDC< C, ACI318-08 D.3.3 ductility requirement is NOT required

Non-ductile

30of6

Code Reference

ACI 318-08
D.3.3.3

D.4.4 (c)
D.6.2.7
D.6.1.3

D.5.2.9&D.6.2.9
D.4.4 (a)
Cdn-A D.4.4(c)

Warn
OK

OK
OK
OK
OK

OK

OK

OK

OK

ACI 318-08

OK D.334
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CALCULATION Code Reference

Anchor Stud Tensile Force

Single bolt tensile force Ty =6.22 [Kips] No of bolt for Tynyy = 3

T, = 2.48 [kips] No of bolt for Tony, =

T3 = 0.00 [kips] No of bolt for T3nr; = 0
Sum of bolt tensile force Ny =ZnyT; = 23.6 [Kips]
Tensile bolts outer distance sy, Sp = 10.5 [in]
Eccentricity e'y -- distance between resultant of tensile load and centroid of anchors ACI 318-08
loaded in tension e'y = 2.00 [in] Fig. RD.5.2.4 (b)

1
Eccentricity modification factor WeeN = oa = 0.87 D.5.2.4 (D-9)
1 N
( 3hef ]
Stud Tensile Resistance s Nsa = OtsAsefuta =293 [kips] D.5.1.2 (D-3)
ratio = 0.21 > T OK

Conc. Tensile Breakout Resistance

N, =24 4 ﬁ h'® if h, <11" or h, > 25" = 435 [kips] D.5.2.2 (D-7)
16 4f, 3 if 11"<h, < 25" D.5.2.2 (D-8)
Projected conc failure area 1.5hg = = 13.50 [in]

Ane = [Siptrmin(cq,1.5hgr)+min(cs,1.5hg)]x 1215.0  [in}
[so+min(c,,1.5hgs)+min(cy,1.5hg)]
Anco = 9 hef2

Ane = min (Ane, Nt Anco)

729.0  [in% D.5.2.1 (D-6)
1215.0  [in} D.5.2.1

Min edge distance Cmin = MIN( Cq, Cy, C3, C4 ) = 6.0 [in]
Eccentricity effects Ween = = 0.87 D.5.2.4 (D-9)
Edge effects Wean = min[ (0.7+0.3Cin/1.5h¢s), 1.0 ] = 0.83 D.5.25
Concrete cracking Wcn = 1.0 for cracked concrete D.5.2.6
Concrete splitting Wepon = 1.0 for cast-in anchor D.5.2.7
Concrete breakout resistance dtc Noog = B AA':“; Ween Pean Pon Poon Ny = 36.8 [kips] D.5.2.1 (D-5)
Seismic design strength reduction = x 1.0 not applicable = 36.8 [kips] D.3.3.3

ratio = 0.64 > Ny OK
Stud Pullout Resistance
Single bolt pullout resistance Ny = 8 Apg fe' = 31.8 [kips] D.5.3.4 (D-15)

$1cNpn = e PopNp =223 [kips] D.5.3.1 (D-14)

Seismic design strength reduction = x 1.0 not applicable =223 [kips] D.3.3.3

ratio = 0.28 > Ty OK

W = 1 for cracked conc D.5.3.6

¢ = 0.70 pullout strength is always Condition B D.4.4(c)
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Side Blowout Resistance
Failure Along Pedestal Width Edge

Conc. Shear Breakout Resistance

Mode 2 Failure cone at back anchors

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

This applies to welded stud case so only Mode 2 is considered for shear checking

along pedestal width edge Npuww = N1q T4 =18.7
¢ =min(cy,C3) = 6.0
Check if side blowout applicable he = 9.0 [in]
< 2.5c side bowout is NOT applicable
Check if edge anchors work as a Sy, = 0.0 [in] s=s, = 0.0
a group or work individually < 6c side bowout is NOT applicable
Single anchor SB resistance dc Nsp = ¢, (1600 Ay ) A \/C = 0.0
Multiple anchors SB resistance & cNspgw =
work as a group - not applicable = (1+s/ 6€) X g Ngp = 0.0
work individually - not applicable = Npw X ot Ngp X [1+(co 0rc4)/ ] 1 4 = 0.0
Seismic design strength reduction = x 1.0 not applicable =0.0
ratio = 0.00 < Npuw
Group side blowout resistance Orc Nebg = e %nt = 0.0
Govern Tensile Resistance N; = min [ ¢ys Ny Nea, dtc (Neog, N Npn, Ngpg) 1 = 36.8
Stud Shear Resistance dvs Vsa = 0 ys N Agefita =76.2
Reduction due to built-up grout pads = x 1.0, not applicable =76.2
ratio = 0.26 >V,

Only Case 2 needs to be considered when anchors are rigidly connected to the attachment

Vu
-
S N
O M Caf
= S .
& 1 O \\ S
= , ~— \
O / = N
ko) /
- , S v a2
= / ol & % N
= / /5 * /”VU;Z
- Q // 3
[E@]
Ci lSwl Cs — /
T T =
de = o lsi] o
< T T
&

[kips]
[in]
[in]
[kips]
[kips]
[kips]
[kips]
OK

[kips]

[kips]

[kips]

[kips]
OK

50f6
Code Reference

ACI 318-08

RD.5.4.2

D.5.4.1

D.5.4.2
D.5.4.1 (D-17)

D.5.4.2 (D-18)

D.5.4.1
D.3.3.3

D.6.1.2 (a) (D-19)

D.6.1.3

Fig. RD.6.2.1(b) notes

in Case 2
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Code Reference
27.0 [in] ACI 318-08
No D.6.2.4

Bolt edge distance Car =

Limiting ¢,y when anchors are influenced by 3 or more edges

Bolt edge distance - adjusted Ca1 = cal needs NOT to be adjusted =27.0 [in] D.6.24
Cy = 6.0 [in]
15c, = 405  [in]

Aye = [Min(cy,1.5C4) + 55 + Min(Cy,1.5C,1)] X
min(1.5¢,41, hy)

Aveo = 450,

Aye = min (Aye, Ny Ayeo)

le = min(8da , her)

0.2
w=H§jﬁJNﬁﬁ

12150 [in’]  D.6.2.1

3280.5 [in]  D.6.2.1(D-23)
12150 [in?]  D.6.2.1
7.0 fin] D.6.2.2

106.7  [kips] D.6.2.3 (D-25)

Eccentricity effects WYeev = 1.0 shear acts through center of group D.6.2.5
Edge effects Weay = mMin[ (0.7+0.3c,/1.5¢,4), 1.0] = 0.74 D.6.2.6
Concrete cracking Yeu = =1.20 D.6.2.7
Member thickness Yhyv = max[ (sqrt(1.5¢,4 / hy), 1.0] = 1.50 D.6.2.8
Conc shear breakout
resistance Vebgze = P AAi\Z\Pec,v Yeov You Prv Vo = 39.7 [kips] D.6.2.1 (D-22)
Seismic design strength reduction = x 1.0 not applicable = 39.7 [kips] D.3.3.3

ratio = 0.50 >V, OK
Conc. Pryout Shear Resistance

kep = 2.0 D.6.3

Factored shear pryout resistance  ¢yc Vepg = dv.c Kep Nebg =736 [kips] D.6.3 (D-31)

¢vc = 0.70 pryout strength is always Condition B D.4.4(c)
Seismic design strength reduction = x 1.0 not applicable =73.6 [kips] D.3.3.3

ratio = 0.27 >V, OK
Govern Shear Resistance Vi = min [ ¢y¢Vea, Ovc (Veng Vepg ) ] = 39.7 [kips]
Tension Shear Interaction
Check if N, >0.2¢ N, and V,,>0.2¢ V, Yes D.7.1&D.7.2

NN, + Vy/V, =1.14 D.7.3 (D-32)

ratio = 0.95 <12 OK

Ductility Tension
Ors Nsa = 29.3 [kips]
> ¢ Min (Nopg, Npn, Nspg) =223 [kips]
Non-ductile
Ductility Shear
dvs Vsa = 76.2 [kips]
> ¢yc MiN (Vepg, Vepg ) =39.7 [kips]
Non-ductile
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Example 34: Welded Stud + No Anchor Reinft + Tension Shear & Moment + CSA A23.3-04 Code

This example taken from Example 10 on page 82 of ACI/ 355.3R-11 Guide for Design of Anchorage to Concrete: Examples
Using ACI 318 Appendix D

Girder beyond hee =9in,  Girder beyond
A )]/ A ,L/ | |
TR ' | E‘Eig‘iiﬁjé"’g
4 i i : !
{ ”Eﬂ P | ;
! 15in. % 24in.square | | ¥ {
7/8 in. diameter 15in i embedded plate i : ] %
welded headed e 0 s § Lof !
studs -_‘-__‘ » ._I_. nm% ; i 2dy { m’hﬂ?ﬂgj_ﬂmmﬂcﬁ;
10 - —t— o ——
i: 0 it~ | i AR R ofl
] |
H H mg | | g
B x_‘-lgw“ k gi RH : § | §_ “
o mﬁ}vwrgm , L [ L A -n]' Ty
#5 stirrups % " 1§ T ] - T i ! e
@4in. o.c. | i (4 ' | g 5| g
B } Vool | Muas> | | o b= FoH —
1 k 1 | & i 5§
i H f| | . | ] !
#6 typ. 1 : =
typ _h_'““»‘ﬂ_) L mi‘- e i | : %a-%am.-.mwz )
Normalweight 1 E ! i u i ! <
c?ncrete—*’"f 1 § 4’1'"?"4'2'?'54"1&_'%%' S
fz = 4500 psi - im . il : T . g o
Sy R Tl IR TR WO s iarn- -.."...'gnaL'myﬂ“ ‘E
) i i i i
1 amo I | l
| | Botiom soffit of 1.31n. typ. [, 105in. ; 10.5in ! 6in.
spandrel girder
18in.
My =40.7 kNm N, =0kN, V,=89 kN, f¢ =31 MPa
Anchor stud d;=7/8 in hef =229mm hy;=457mm
Supplementary reinforcement Tension - Condition B Shear > Condition A W,y =1.2
Provide built-up grout pad Seismic is not a consideration

Field welded plate washers to base plate at each anchor

Notes:

There are two locations in this calculation which are different from calculation in ACI 355.3R-11 Example 10

1. Concrete tension breakout Ane = 1215 in2, different from Anc = 1519 in? , value in ACI 355.3R-11 page 86.
We assume the moment may apply in both directions. When moment causes tensile anchors being close to the edge
side, the An¢ value is consequently reduced.

2. Concrete shear breakout ca1 reduction from 27” to 12” in ACI 355.3R-11 page 90 is not correct. It doesn't comply with
both edge distances ca2,1<1.5Ca1 and ca22<1.5Ca1 . Refer to ACI 318-11 Fig. RD.6.2.4 for more details.
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10f6

STUD ANCHOR DESIGN Combined Tension, Shear and Moment

Anchor bolt design based on Code Abbreviation

CSA-A23.3-04 (R2010) Design of Concrete Structures Annex D A23.3-04 (R2010)

ACI 318M-08 Metric Building Code Requirements for Structural Concrete and Commentary ACI318 M-08

PIP STE05121 Anchor Bolt Design Guide-2006 PIP STE05121

Assumptions Code Reference

1. Concrete is cracked A23.3-04 (R2010)

2. Condition B for tension - no supplementary reinforcement provided D.5.4 (c)

3. Shear load acts through center of bolt group e,y =1.0 D.7.2.5

4. For anchor group subject to moment, the anchor tensile load is designed using elastic analysis D.4.1

and there is no redistribution of the forces between highly stressed and less stressed anchors
5. 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

Anchor Stud Data

Factored moment M, = 40.7 [kNm] = 30.0 [Kip-ft]
Factored tension /compression N, = 0.0 [kN] = 0.0 [kips]
Factored shear V, = 89.0 [kN] = 20.0 [kips]

e e e L [e e e

S2
.
+
S2
-
+
S2
.
+

2 BOLT LINE 5 BOLT LINE 4 BOLT LINE
No of bolt line for resisting moment =| 3 Bolt Line "l
No of bolt along outermost bolt line =3
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20of 6
min required Code Reference
Outermost stud line spacing s¢ sy = 533 [mm] 89 OK PIP STE05121
Outermost stud line spacing s» s, = 533 [mm] 89 OK Page A -1 Table 1
Internal stud line spacing spq Sp1 = 267 [mm] 89 OK
Internal stud line spacing sp» Sp2 = 0 [mm] 89 OK
Column depth d = 353 [mm]
Concrete strength fo =31 [MPa] =45 [ksi]
Anchor bolt material =| AWS D1.1 Grade B g
Anchor tensile strength fua = 65 [ksi] = 448 [MPa] A23.3-04 (R2010)
Stud is ductile steel element D.2
Stud diameter d, =| 0.875 =| [in] =222 [mm]
Stud shank area Ase = 0.60 [in?] = 388 [mm?]
Stud head bearing area Apg = 0.88 [in?] = 570 [mm?]
min required PIP STE05121
Anchor bolt embedment depth hes = 229 [mm] 267 Warn Page A -1 Table 1
Concrete thickness hy, = 457 [mm] 305 OK
Stud edge distance ¢, cy =152 [mm] 115 OK Page A -1 Table 1
Stud edge distance c, c, = 152 [mm] 115 OK
Stud edge distance c; c; = 2540 [mm] 115 OK
Stud edge distance c, ¢y = 2540 [mm] 115 OK A23.3-04 (R2010)
c; > 1.5h; for at least two edges to avoid reducing of hgs when N, > 0 Yes D.6.2.3
Adjusted hg; for design hes = 229 [mm] 267 Warn D.6.2.3
Ny
qg\ min(ey, 1.5her) min(cs+sy,1.5her)
Mu
) o z
< = S o /{T > f
S ,}%( -
Ct # S1 4 C3 3 Om 4 %
e Ci # St * Cs \;N/
de I
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No of stud at bolt line 1 ng =3
No of stud at bolt line 2 n, =3
Total no of welded stud n =
No of stud carrying tension n =5
No of stud carrying shear ng =
Seismic region where IF,8,(0.2)>=035  =[ No ¥ 2
Supplementary reinforcement
For tension =| No = | Condition B
For shear Wev =| 1.2 =| Condition A
Provide built-up grout pad ? =| No L| ?

Strength reduction factors

Anchor reinforcement factor s = 0.75
Steel anchor resistance factor ¢ds = 0.85
Concrete resistance factor o, = 0.65

Resistance modification factors

Anchor rod - ductile steel Ris = 0.80
Concrete Ric = 1.00 Cdn-B
CONCLUSION

Abchor Rod Embedment, Spacing and Edge Distance

Overall

Tension

Stud Tensile Resistance

Conc. Tensile Breakout Resistance
Stud Pullout Resistance

Side Blowout Resistance

Shear

Stud Shear Resistance

Conc. Shear Breakout Resistance
Conc. Pryout Shear Resistance

Stud on Conc Bearing

Tension Shear Interaction

Tension Shear Interaction

Ductility

Tension  Non-ductile

Seismic Design Requirement

leFaSa(0.2)<0.35, A23.3-04 D.4.3.3 ductility requirement is NOT required

ratio

ratio
ratio
ratio

ratio

ratio
ratio
ratio

ratio

ratio

Shear

0.75
1.15 Cdn-A

Warn
1.00 NG
0.23 OK
0.69 OK
0.30 OK
0.00 OK
0.27 OK
0.51 OK
0.29 OK
0.27 OK
1.00 NG
Non-ductile

OK

30f6
Code Reference
A23.3-04 (R2010)

D.4.3.5
D.5.4 (c)

D.7.2.7
D.713

D.7.2.9
8.4.3 (a)
8.4.2

D.5.4(a)
D.5.4(c)

A23.3-04 (R2010)

D.4.3.6
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CALCULATION
Anchor Tensile Force
Single stud tensile force Ty =277 [kN] No of stud for Tynyy = 3
T, = 11.0 [kN] No of stud for Tong, = 2
T3 = 0.0 [kN] No of stud for T3nz = 0
Sum of stud tensile force Ny =2nT; = 105.1
Tensile studs outer distance sy, Syp = 267 [mm]
Eccentricity e'y -- distance between resultant of tensile load and centroid of studs
loaded in tension e'y = 51 [mm]
Eccentricity modification factor WeeN = # = 0.87
o)
Stud Tensile Resistance Ngr = Age 05 futa Ris =118.2
ratio = 0.23 > Ty
Conc. Tensile Breakout Resistance
Ny = 10 ¢, \/E hl® R if hy <275 or h, > 625
3.9 ¢, \/f7 h%3 R, if 275 <hy < 625
= 1254
Projected conc failure area 1.5h¢s = 344
Ane = [Siptrmin(cq,1.5hgr)+min(cs,1.5hg)]x = 7.8E+05
[so+min(c,,1.5hgs)+min(cy,1.5hg)]
Anco = 9 hef = 4.7E+05
Ane = min (Ane Nt Anco ) = 7.8E+05
Min edge distance Cmin = Min( ¢4, Cy, C3, Cy4 ) = 152
Eccentricity effects Ween = 0.87
Edge effects Wean = min[ (0.7+0.3Cin/1.5h¢s), 1.0 ] = 0.83
Concrete cracking Wcn = 1.0 for cracked concrete
Concrete splitting Wepon = 1.0 for cast-in anchor
Concrete breakout resistance Neogr = ASC Weon Pean Yon oo N =151.2
Seismic design strength reduction x 1.0 not applicable =151.2
ratio = 0.69 > Ny
Stud Pullout Resistance
Single bolt pullout resistance Npr = 8 Aprg 0 ' Ric =919
Neor = WepNpr =919
Seismic design strength reduction x 1.0 not applicable =91.9
ratio = 0.30 > Ty
W = 1 for cracked conc
Ric = 1.00 pullout strength is always Condition B

[kN]

[kN]
OK

[kN]
[mm]

[mm?]

[mm?]
[mm?]

[mm]

[kN]

[kN]
OK

[kN]

[kN]

[kN]
OK

4 of 6
Code Reference
A23.3-04 (R2010)

Figure D.8 (b)

D.6.2.4 (D-9)

D.6.1.2 (D-3)

D.6.2.2 (D-7)
D.6.2.2 (D-8)

D.6.2.1 (D-6)
D.6.2.1

D.6.2.4 (D-9)
D.6.25
D.6.2.6
D.6.2.7

D.6.2.1 (D-5)

D.4.3.5

D.6.3.4 (D-16)
D.6.3.1 (D-15)
D.4.35

D.6.3.6
D.5.4(c)
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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 - not applicable
work individually - not applicable

Seismic design strength reduction

Group side blowout resistance

Govern Tensile Resistance

Stud Shear Resistance

Reduction due to built-up grout pads

Conc. Shear Breakout Resistance

Vu

-

Nbuw
C
hef

S22

Nsbr,w =

Nsbgr,w

ratio

Nsbgr

ratio

Mode 2 Failure cone at back anchors

< 2.5c

< 6c

mim(haﬂ .5Ca

Ci lSwl C3
T 7T

Bolt edge distance

Bolt edge distance - adjusted

Ca1

Ca1

=n7q Ty

min (¢4, C3)
= 229 [mm]

=0 [mm]

13.3c /Ay, ¢ o Ry

= (1+s/ 6¢) X Ngpr
= Npw X Ngprw X [1+(co 0r c4)/ ] 1 4
= x 1.0 not applicable
= 0.00
N

= bgr,
Sbr. W

t
r]T1

= min ( Nt Nsr! Nrbr! N Ncprv Nsbgr )
= N5 Ase §s futa Rv,s

= x 1.0, not applicable
=0.27

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

83.0
152

side bowout is NOT applicable

s=s, =0

This applies to welded stud case so only Mode 2 is considered for shear checking

side bowout is NOT applicable

=0.0

0.0
0.0
= 0.0
< Npuw

0.0

151.2

332.5

332.5

Only Case 2 needs to be considered when anchors are rigidly connected to the attachment

|
+

|
+

N VU/Z

A2

Ca

52

C2

be
min(cs|!.5co1), 52 min(cs,1.5¢q1)

=Cq*+54

Limiting c,4 when anchors are influenced by 3 or more edges

= cal needs NOT to be adjusted

685
No
685

[kN]

[mm]

[mm]

[kN]

[kN]

[kN]

[kN]

OK

[kN]

[kN]

[kN]

[kN]
OK

[mm]

[mm]

50f6
Code Reference
ACI318 M-08
RD.5.4.2
A23.3-04 (R2010)
D.6.4.1
D.6.4.2
D.6.4.1 (D-18)
D.6.4.2 (D-19)
D.6.4.1
D.4.3.5
D.7.1.2 (a) (D-20)
D.71.3
ACI318 M-08
Fig. RD.6.2.1(b) notes
in Case 2
A23.3-04 (R2010)
D.7.24
D.7.24
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Eccentricity effects
Edge effects
Concrete cracking
Member thickness
Conc shear breakout

resistance

Seismic design strength reduction

Conc. Pryout Shear Resistance

Factored shear pryout resistance

Seismic design strength reduction

Stud on Conc Bearing

Govern Shear Resistance

Tension Shear Interaction

Check if N, >0.2 N, and V,>0.2 V,

Ductility Tension

Ductility Shear

C2
1 .5Ca1
AV<:

q"ec,v
qJed,v

l'Ph,v

Vcbgr

ratio

ratio

152
1028
[min(c,,1.5C4) + S, + Min(Cy,1.5¢C4¢)] X = 7.8E+05
min(1.5¢,4, hy)
4.5C,, = 2.1E+06
min (Ave, N2 Aveo) = 7.8E+05
min( 8d, , he) =178
| 0.2
066(;} Ja, gt oiR. - 3522
1.0 shear acts through center of group
min[ (0.7+0.3c,/1.5¢,,), 1.0] = 0.74
=1.20
max[ (sqrt(1.5¢,1 / hy), 1.0] = 1.50
AVc
Weev Yeav Yo Py Vor = 174.8
AVco ' ' ' '
x 1.0 not applicable = 174.8
0.51 >V,
2.0
kcp Ncbgr = 302.4
1.00 pryout strength is always Condition B
x 1.0 not applicable = 302.4
0.29 >V,
ng X 1.4 X ¢ X min(8d,, hes) x d, x f¢' = 3344
0.27 >V,
min ( Vg, Vcbgrv chgr ,Br) =174.8
Yes
NN, + V /V, =1.20
1.00 > 1.2
118.2 [kN]
min (Ncbgrr Ncpr: Nsbgr) =919
Non-ductile
332.5 [kN]
min (Veogrs Vepgr Br) = 174.8
Non-ductile

[mm]
[mm]
[mm?]
[mm?]
[mm?]

[mm]

[kN]

[kN]

[kN]
oK

[kN]

[kN]
OK

[kN]
oK

[kN]

NG

[kN]

[kN]

6 of 6
Code Reference
A23.3-04 (R2010)
D.7.2.1
D.7.2.1 (D-24)
D.7.21
D.3
D.7.2.3 (D-26)
D.7.2.5
D.7.2.6
D.7.2.7
D.7.2.8
D.7.2.1 (D-23)
D.4.3.5
D.7.3
D.7.3 (D-32)
D.5.4(c)
D.4.3.5
CSA S16-09
25.3.3.2
A23.3-04 (R2010)
D.8.2&D.8.3
D.8.4 (D-35)
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Example 41: Shear Lug Design ACI 349-06 Code

SHEAR LUG / SHEAR KEY DESIGN

Shear Lug / Shear Key design based on

ACI 349-06 Code Requirements for Nuclear Safety-Related Concrete Structures & Commentary
AISC Design Guide 1: Base Plate and Anchor Rod Design - 2nd Edition

AISC 360-05 Specification for Structural Steel Buildings

Dongxiao Wu P. Eng.

Code Abbreviation
ACI 349-06

AISC Design Guide 1
AISC 360-05

INPUT DATA Code Reference
Factored shear along strong axis Vix = 75.0 [kips]
Factored shear along weak axis Vy = 50.0 [kips]  applicable for W Shape only
Pedestal width b. = 26.0 [in]
Pedestal depth d, = 26.0 [in]
Pedestal height h, = 30.0 [in]
Grout thickness g =20 [in]
Shear key type =| W_Shape ﬂ | W8X40 d
Shear key width Shape w = 8.07 [in] Applicable
Shear key width used for design w = 8.07 [in]
Shear key embed depth d =8.0 [in]
suggest
Concrete strength fo =45 [ksi] 4 =31.0 [MPa]
A36  A992
Shear key steel strength Fy = 50 [ksi] 36 50 = 344.8 [MPa]
Fy, = 65 [ksi] 58 65 = 448.2 [MPa]
Weld electrode = E70XX AISC 360-05
Electrode ultimate tensile Fexx = 70 [ksi] 70 = 4827 [MPa]
Fillet weld leg size An =5 [1/16in] 5/16 =79 [mm]  Table J2.4
Vy
A e
N
< 7 7 -
N ° R [@))
_ © = BN v
+ R ©
) 4 v, - — o
O = e e /45°
3| P
|| | = e t
% & = e S
/
/% %
e=0.5(dc —t)[ t
de he —pedestal height
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20f4
Code Reference
CONCLUSION ACI 349-06
OVERALL ratio = 0.94 OK
Concrete Bearing ratio = 0.41 OK D.4.6.2
Shear Toward Free Edge ratio = 0.81 OK D.11.2
Shear Key Section Flexure & Shear Check ratio = 0.94 OK
Shear Key To Base Plate Fillet Weld ratio = 0.69 OK
CALCULATION
Concrete Bearing
A, = Wds =w (d-g) = 4842  [in}
Vy = 1.3 1 Ay = 1841  [kips] D.46.2
ratio = 0.41 > Vix OK
¢ = 0.65 for anchor controlled by concrete bearing D.4.4 (d)
Shear Toward Free Edge
e = 0.5x(d; -t) =12.38 [in]
e = min(e, hy) = 12.38 [in]
Aer = [ e +(d-9) ] x b, - wx(d-g) =4293  [in}
oV, = 4¢\/E A, =922 [kips] D.11.2
ratio = 0.81 >V, OK
¢ = 0.80 D.4.4 (f)
Shear Key Section Flexure & Shear Check
Shear Key Plate Sect This case does not apply
My = Vix X [0.5x(d-g) + g ] =375.0  [Kip-in]
Z=wxt/4 =315 [in%]
Flexure oM, = 0.9xZxF, = 1419 [Kip-in]
ratio = 0.00 < My OK
Shear ¢V, = 09xA, x0.6F, = 2724 [kips]
ratio = 0.00 > Vi OK
Shear Key Pipe Sect This case does not apply
My = Vux X[ 0.5x(d-g) + g ] = 375.0 [kip-in]
Z= = 0.00 [in%
Flexure dM, = 09xZxF, = 0.0 [Kip-in]
ratio = 0.00 < My OK
Shear A, = = 0.000 [in?]
¢V, = 09xA, x0.6F, =0.0 [kips]
ratio = 0.00 < Vi OK
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Shear Key HSS Sect

Flexure

Shear

Shear Key W Sect

Flexure strong axis

Flexure weak axis

Shear strong axis

Shear weak axis

Resultant angle

Nominal fillet weld strength
Weld metal shear strength
For PLATE shear key only
Base metal thickness

Base metal shear strength

Shear strength used for design

This case does not apply
Mux = Vux X [ 05X(d-g) + g ]

7 =
éM, = 09xZxF,
ratio = 0.00

A, =

¢V, = 09xA, x0.6F,
ratio = 0.00

This case applies

Mux = Vix X[ 0.5x(d-g) + g ]
Z, =

dMy = 09xZ,xF,

ratio = 0.21

Muy = Vuy x[0.5x(d-g) + g1

Shear Key To Base Plate Fillet Weld

Z, =
¢M,, =09xZ,xF,
ratio = 0.30
by = 8.07 [in]
t, = 0.360 [in]
A, =t,xd
¢ Vox = 0.9xA,, x0.6F,
ratio = 0.94
A, = 2xtxbs
¢ Vpy = 0.9xA, x 0.6F,
ratio = 0.20
0 =
Fuw = 0.6 Fexx (1.0+0.5 sin"0)
¢ =0.75

Oy = ¢ (0.707 x Ay ) x Fy

not applicable

¢ fyz = min [ 1.0(0.6F, 1), 0.75(0.6F, t) ]

¢rn = min(¢rn1v¢rn2)

t

= 375.0
0.00
0.0

< My
0.000
=0.0

< Vi

= 375.0
39.80
1791.0

250.0
18.50
832.5

uy

=8.25
= 0.560
=297
= 80.2
> Vi

=9.04
= 2440

> Vyy

=90
63.0

10.44

0.000
0.00

10.44

Code Reference

[kip-in]
[in’]
[kip-in]
OK
[in?]
[kips]
OK

[Kip-in]

fin’]

[kip-in]
OK

[kip-in]

fin’]

[kip-in]
OK

fin]
fin]
fin?]
[kips]
OK

[in?]

[kips]
oK

[deg]  AISC 360-05

[kips] EqJ2-5

[kips/in] Eq J2-4

[in]

[kips/in] Eq J4-3 & Eq J4-4

[kips/in] Eq J2-2

3of4
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Factored moment to base plate My = Vi X[ 0.5x(d-g) + g]
Muy = Vuy X [ 05X(d-g) + g ]

Shear Key Plate This case does not apply
s =t+ (1/3)Ah,x2
fi = My / (sxw)

fy = Vil (Wx2)
fo = 2+ 1
ratio = 0.00
fv f\/
<+ <+
ﬂT iﬂ
s |
Force on Shear Key Plate Weld
Shear Key Pipe Sect This case does not apply
Weld ring diameter D =

fi = My/ (x D? /4)
fy = Vi /(mDx1)

fi = ‘\fg + f\2/
ratio = 0.00
Shear Key HSS Sect This case does not apply
Weld box width/depth b =8.07 [in]

f = My, / (bd + d%/3)
f, = Vi ! (2xd)

fo= JiE+f

ratio = 0.00
Shear Key W Sect This case applies
b = 8.07 [in]
Strong Axis fi = My / (bxd)
f, = Vi / (2xd)
fo = m
ratio = 0.69
Weak Axis fi = Muy/[(1xb2/6)x4]
fy = Vi, / (4xb)
fr= fo+f5
ratio = 0.57

= 375.0
250.0

1.458
0.00
0.00
0.00

<o

8.07
0.00
0.00
0.00

<o

0.00
0.00
0.00
0.00

<¢m

=8.25
= 5.63
= 4.55
=724

<om

5.76
1.55
5.96

< ¢

[kip-in]
[kip-in]

[in]
[kips/in]
[kips/in]
[kips/in]
OK

[in]
[kips/in]
[kips/in]
[kips/in]
OK

[in]
[kips/in]
[kips/in]
[kips/in]
OK

[in]
[kips/in]
[Kips/in]
[kips/in]
OK

[kips/in]

[kips/in]

[kips/in]
OK

40f4

Code Reference
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Example 42: Shear Lug Design ACI| 349M-06 Code

SHEAR LUG / SHEAR KEY DESIGN
Shear Lug / Shear Key design based on Code Abbreviation
ACI 349M-06 Metric Code Requirements for Nuclear Safety-Related Concrete Structures & Commentary ACI 349M-06
AISC Design Guide 1: Base Plate and Anchor Rod Design - 2nd Edition AISC Design Guide 1
CSA S16-09 Design of Steel Structures CSA S16-09
INPUT DATA Code Reference
Factored shear along strong axis Vux = 333.6 [kN]
Factored shear along weak axis Vy = 2224 [kN] applicable for W Shape only
Pedestal width b. = 660 [mm]
Pedestal depth d, = 660 [mm]
Pedestal height hy, = 762 [mm]
Grout thickness g = 51 [mm]
Shear key type =| W_Shape ~| | W200x59 |
Shear key width Shape w = 205 [mm]  Applicable
Shear key width used for design w = 205 [mm]
Shear key embed depth d = 203 [mm]
suggest
Concrete strength fo =31 [MPa] 30 =45 [ksi]
Shear key steel strength F, = 345 [MPa] 300 = 50.0 [ksi]
F, = 448 [MPa] 450 = 65.0 [ksi]
Weld electrode =| E49XX - Xy = 490 [MPa]
Fillet weld leg size D=8 [mm]
Vy
A o)
N
. 7 2 -
N ° S [@2]
— © © : 5
i i o
o < Vu = A
o] = — e /45°
3| P
| £ = / t
~ €l E 4 R
/
//% %
e=0.5(dc—1)| t
de ho —pedestal height
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CONCLUSION
OVERALL

Concrete Bearing

Shear Toward Free Edge

CALCULATION

Concrete Bearing

Shear Toward Free Edge

Shear Key Plate Sect

Flexure

Shear

Shear Key Pipe Sect

Flexure

Shear

Shear Key Section Flexure & Shear Check
Shear Key To Base Plate Fillet Weld

A, = Wde =w(d-g)

Vy = 1.3 1 Ay
ratio = 0.41
¢ = 0.65
e = 0.5x(d. -t)
e = min(e, hy)
As = [ €+ (d-g) ] x be- wx(d-g)
Vo =4p\f1 A,
ratio = 0.81
¢ = 0.80

Shear Key Section Flexure & Shear Check

This case does not apply
Mux = Vux X [ 0-5X(d'g) +g ]

Z =wxt’/4
oM, = 0.9xZxF,
ratio = 0.00
¢V, = 09xA, x0.6F,
ratio = 0.00

This case does not apply
Mux = Vux X [ 05X(d-g) + g ]

7 =
dM, = 09xZxF,
ratio = 0.00

A, =

¢V, = 09xA, x0.6F,
ratio = 0.00

ratio

ratio

ratio

ratio

ratio

=0.94

=04
=0.81

= 0.94
=0.79

= 31242
= 818.4
> Vi

for anchor controlled by concrete bearing

=314

= 314

= 2.8E+05
= 409.6
>V,

=424
52.5
16.3
< Myy

1222.1

=424
0.0
0.0

n
o

=0.0
< Vix

Code Reference
ACI 349M-06
OK

OK D.4.6.2
OK D.11.2

OK
OK

[mm?]
[kN] D.4.6.2
OK
D.4.4 (d)

[mm]
[mm]
[mm?]
kN]  D.11.2
oK
D.4.4 (f)

[kNm]
[x1 03mm3]
[kNm]
OK
[kN]
OK

[kNm]
[x10°mm?]
[kNm]

OK
[mm?]
[kN]

OK

20f4
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Shear Key HSS Sect

Flexure

Shear

Shear Key W Sect

Flexure strong axis

Flexure weak axis

Shear strong axis

Shear weak axis

Base metal resistance

Weld metal resistance

Fillet weld resistance - shear

This case does not apply
Mux = Vux X [ 05X(d-g) + g ]

7 =
éM, = 09xZxF,
ratio = 0.00

A, =

¢V, = 09xA, x0.6F,
ratio = 0.00

This case applies

Mux = Vix X[ 0.5x(d-g) + g ]
Z, =

dMy = 09xZ,xF,

ratio = 0.21

Muy = Vuy x[0.5x(d-g) + g1

Shear Key To Base Plate Fillet Weld

Z, =
¢M,, =09xZ,xF,
ratio = 0.30
bs = 205.0 [mm]
ty = 9.1 [mm]
A, =t,xd
¢ Vox = 0.9xA,, x0.6F,
ratio = 0.94
A, = 2xtxbs
¢ Vi = 0.9x A, x 0.6F,
ratio = 0.21
An = Dx1mm
Vim = 0.67 ¢y A Fy
¢y = 0.67
A, = 0.707 x D x Tmm
0 =
Vw = 0.67 ¢, A, X, (1+ 0.5 sin6 *1.5)
Ve = min( Vi , Viw )

t

=424
0.0
0.0
< My

n
o

=0.0
< Vi

=424
= 653
= 202.8
> My,

=282
= 303
=941

uy

210.0
14.2
1911
356.0
> Vi

5822
1084.6
>V

uy

8.00
1.61

5.66

1.87
1.61

Code Reference

[kNm]
[x10°mm?]
[kNm]

OK
[mm?]
[kN]

OK

[kNm]
[x1 03mm3]
[kNm]

OK

[kNm]
[x10°mm?]
[kNm]

oK

[mm]
[mm]
[mm?]
[kN]
oK

[mm?]
(kN]
OK

[mm?]
[kN/mm] 13.13.2.2
13.1 (h)

[mm?]

[kN/mm] 13.13.2.2
[kN/mm]

3of4
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Factored moment to base plate My = Vi X[ 0.5x(d-g) + g]
Muy = Vuy X [ 05X(d-g) + g ]

Shear Key Plate This case does not apply
s =t+(1/3)Dx2
fi = My / (sxw)

fy = Vil (Wx2)
- BV 1
ratio = 0.00
fy fy
<+ <+
ﬂT iﬂ
s |
Force on Shear Key Plate Weld
Shear Key Pipe Sect This case does not apply
Weld ring diameter D =

fi = My/ (x D? /4)
fy = Vi /(D x1)

f, = Vfe+f
ratio = 0.00
Shear Key HSS Sect This case does not apply
Weld box width/depth b = 205.0 [in]
fi = My, / (bd + d%/3)
f, = Vix / (2xd)
ratio = 0.00
Shear Key W Sect This case applies
b = 205.0 [in]
Strong Axis fi = My / (bxd)
f, = Vi / (2xd)
fo = m
ratio = 0.79
Weak Axis fi = Muy/[(1xb2/6)x4]
fy = Vi, / (4xb)
fo = m
ratio = 0.65

=424
= 28.2

37.3
0.00
0.00
0.00

<o

205.0
0.00
0.00
0.00

<o

205.0
0.00
0.00
0.00

<¢m

=210.0
=0.98
0.79
1.26

<om

1.01
0.27
1.04

< ¢

[kNm]
[kNm]

[mm]
[kN/mm]
[KN/mm]
[kN/mm]
OK

[mm]
[kN/mm]
[kKN/mm]
[KN/mm]
OK

[mm]
[kN/mm]
[kN/mm]
[kN/mm]
OK

[mm]
[kN/mm]
[kN/mm]
[kN/mm]
OK

[kN/mm]

[kN/mm]

[kN/mm]
OK

40f4
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Example 51: Base Plate (LRFD) & Anchor Bolt (ACI 318-08) Design With Anchor Reinforcement

BASE PLATE & ANCHOR BOLT DESIGN - MOMENT CONNECTION
Base Plate Data
Column section type =| W_Shape hd
Column size =| wi14xs3 B4
Depth d =13.900 [in] Flange thickness t; = 0.660 [in]
Flange width b = 8.060 [in] Web thickness t, = 0.370 [in]
Base plate anchor bolt pattern =| 4 or 6-Bolt MC WF j ? base plate is moment connection
Base plate anchor bolt location = | Bolt Outside Flange Only ﬂ ?
B B B B
C C C C
(S2) (S2) (S2) (S2)
= 5e A S & + ¢+
= i -+ - = . =z o 5 = o 5
2 +  + + 4 -
2-BOLTPIN 4-BOLT PIN 4 or 6-Bolt MC WF 4 or 6-Bolt MC HS
suggest
Base plate width B =22.0 [in] 15.0
Base plate depth N =22.0 [in] 21.0
Base plate thickness t, = 2.00 [in] 1.75
Anchor bolt spacing s, = C C =18.0 [in] 11.0
Anchor bolt spacing s1=D D =18.0 [in] 17.0
S
f f
d
| | - %I
T SR
1 1 - <L LT
m ‘ 0.95d ‘ m = et
| N | fo jE
BASE PLATE GEOMETRIC BASE PLATE SUBJECT TO TENSILE LOAD
Bolt to column center dist. f =90 [in]
Bolt to column web center dist. fi =9.0 [in]
Suggested plate thickness for rigidity: t, = max. of m/4 and n/4 = ’TLI ?
Factored column load
LCB Cases P, [kips] V, [kips] M, [Kip-ft]
LCB1 |Axial Comp. 100.0 15.0 0.0
LCB2 |Axial Comp. + M 0.0 20.0 30.0
LCB3 |Axial Comp. + M 15.0 20.0 30.0
LCB4 |Axial Tensile 10.0 35.0 0.0
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Anchor Bolt Data

S

e -
- -

2 BOLT LINE

No of bolt line for resisting moment

No of bolt along outermost bolt line

Outermost bolt line spacing s
Outermost bolt line spacing s>

Internal bolt line spacing spq

Internal bolt line spacing sp»

Anchor bolt material

Anchor tensile strength

Anchor bolt diameter
Bolt sleeve diameter

Bolt sleeve height

Anchor bolt embedment depth
Pedestal height

Pedestal width

Pedestal depth

. -
St

$1
S2

Sh1

Sb2

futa

T e e
& - -
Lo & e

5 BOLT LINE

=| 3BoltLine =

=3
min required
=18.0 [in] 35
=18.0 [in] 35
=09.0 [in] 35
=0.0 [in] 35

=| F1554Grade55  ~v|
=750  [ksil

Anchor is ductile steel element

=| 0.875 = [in] max 1.51in
=20 [in]

=70 [in]

min required

=20.0 [in] 10.5

=230 [in] 23.0
=124.0 [in]

=124.0 [in]

S2

Lo

20f4

Code Reference

e e oo
- -

4 BOLT LINE

OK
OK
OK

OK

= 517 [MPa]

=222

[mm]

OK
OK

PIP STE05121
Page A -1 Table 1

ACI 318-08

D.1

PIP STE05121
Page A -1 Table 1

Page A -1 Table 1
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Code Reference
Bolt edge distance c, cy = 6.0 [in] 5.3 OK PIP STE05121
Bolt edge distance c, c; =6.0 [in] 5.3 OK Page A -1 Table 1
Bolt edge distance c; c; = 100.0 [in] 5.3 OK
Bolt edge distance c, cs = 100.0 [in] 5.3 OK
4@? <=min(0.5C1,03C2) <=min(0.5C1,0.3C2)
6/, 9 \ 3\ Q\ S @ )\ ﬁ_®
e X \\ S 2 S 2 S
/ L L] \| — K Q\ L ] i L N — L ] L —
! | el S o S ° o & S
L ] L] /| —K o /—ll\ o —K— /—«\ — N
N e S 35° S L} 3s° S
I o ] J 9 o o 9/
Cy4 1821 C2 C4 ‘Sz C2 C4 132 C2
be be be
Ver. Reinft For Tension Hor. Ties For Shear - 4 Legs Hor. Ties For Shear - 2 Legs
Nu
N
Mu
<V
) d
r 1 ‘ ‘
N s . - <+ <+
B AN i O %) % m
= N S+ - e
< o~
© dm
Ci lSwl Cs Ci i St i C3
T T T T
de de
ACI 318-08
To be considered effective for resisting anchor tension, ver reinforcing bars shall be located RD.5.2.9
within 0.5h; from the outmost anchor's centerline. In this design 0.5h; value is limited to 8 in.
0.5hg = 8.0 [in]
No of ver. rebar that are effective for resisting anchor tension n, =6
Ver. bar size No. 8 7:l= 1.000 [in] dia single bar area A; = 0.79 [in%]
To be considered effective for resisting anchor shear, hor. reinft shall be located RD.6.2.9
within min( 0.5¢;, 0.3c, ) from the outmost anchor's centerline min(0.5c4, 0.3¢,) = 1.8 [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 Nay =| 2 =] ?
Hor. tie bar size No. 4 - }= 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| ?
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suggest -

(@}
Concrete strength fo =45 [ksi] 4 . ‘r:‘[ﬂbd A
Rebar yield strength f, = 60.0 [ksi] 60 I P
Base plate yield strength F, =360  [ksi] 36 M@ —k

(@}
Total no of anchor bolt n=28
No of anchor bolt carrying shear ng =8 C4 1 Szl C2
For side-face blowout check use be
No of bolt along width edge Ny =3
No of bolt along depth edge Neg = 3 Bolt No Input for Side—Face

Blowout Check Use
Anchor head type =| Heavy Hex ﬂ ?
Anchor effective cross sect area Ase = 0.462 [in]
Bearing area of one head Apg = 1188  [in?
Aprg [in%] not applicable
Code Reference

Bolt 1/8" (3mm) corrosion allowance =| No ﬂ ?
Provide shear key ? =l No = | ? ACI 318-08
Seismic design category >=C =l No = | ? D.3.3.3
Provide built-up grout pad ? =| Yet*| ? D.6.1.3
CONCLUSION
OVERALL ratio = 0.97 OK
BASE PLATE
Base Plate Size and Anchor Bolt Tensile OK
Base Plate Thickness ratio = 0.52 OK
ANCHOR BOLT
LCB1 Axial Compression
Abchor Rod Embedment, Spacing and Edge Distance OK
Min Rquired Anchor Reinft. Development Length ratio = 0.97 OK
Overall Ratio ratio = 0.42 OK
LCB2 Axial Compression + Moment
Abchor Rod Embedment, Spacing and Edge Distance OK
Min Rquired Anchor Reinft. Development Length ratio = 0.97 OK
Overall Ratio ratio = 0.83 OK
LCB3 Axial Compression + Moment
Abchor Rod Embedment, Spacing and Edge Distance OK
Min Rquired Anchor Reinft. Development Length ratio = 0.97 OK
Overall Ratio ratio = 0.72 OK
LCB4 Axial Tensile
Abchor Rod Embedment, Spacing and Edge Distance OK
Min Rquired Anchor Reinft. Development Length ratio = 0.97 OK
Overall Ratio ratio = 0.97 OK
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10f6
BASE PLATE DESIGN
Base plate design based on Code Abbreviation
AISC Design Guide 1: Base Plate and Anchor Rod Design 2nd Edition AISC Design Guide 1
ACI 318-08 Building Code Requirements for Structural Concrete and Commentary ACI 318-08
DESIGN DATA
Column section type W_Shape
Column size W14X53
Depth d = 13.900 [in] Flange thickness t; = 0.660 [in]
Flange width by = 8.060  [in] Web thickness t, = 0.370  [in]
Base plate anchor bolt pattern 4 or 6-Bolt MC WF base plate is moment connection
B B B
C C c c
A S & + o+
= + + = M =zl o =z o
+ |+
- e
2-BOLT PIN 4-BOLT PIN 4 or 6-Bolt MC WF 4 or 6-Bolt MC HS
suggest
Base plate width B =220 [in] 15.0
Base plate depth N =220 [in] 21.0
Base plate thickness t, = 2.000 [in] 1.8
Anchor bolt spacing C =18.0 [in] 11.0
Anchor bolt spacing D =18.0 [in] 17.0
Anchor bolt diameter d =0.875 [in] max 1.5 in
f
d %
< 5
P j .o LIRS g H*
- | | E Izl -
m | 095d | m -2 Dt
N St
BASE PLATE GEOMETRIC BASE PLATE SUBJECT TO TENSILE LOAD
suggest
Bolt to column center dist. f =90 [in] 9in
Bolt to column web center dist. fi =9.0 [in] 9in
Pedestal width b, = 124.0 [in] >=28.5in
Pedestal depth d, = 124.0 [in] >=28.5in
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20f6

Factored column load

LCB Cases P, [kips] M, [kip-ft] | t, (in) Base Plate Size

LCB1 |Axial Compressive 100.0 0.0 0.88 |Base Plate B x N OK

LCB2 |Compression + M 0.0 30.0 0.89 |Base Plate B x N OK

LCB3 |Compression + M 15.0 30.0 1.04 |Base Plate B x N OK

LCB4 |Axial Tensile 10.0 0.0 0.28 |Anchor Bolt Tensile OK
Min required plate thickness 1.04

suggest max plate thickness 1.75 in
Suggested plate thickness for rigidity: t, = max. of m/4 and n/4 = No
For base plate subject to tensile force only
Total No of anchor bolt n=28

Bolt pattern Bolt Outside Flange Only

For base plate subject to large moment

No of bolt resisting tensile force n=5

Anchor rod material F1554 Grade 55

Anchor rod tensile strength fua = 75.0 [ksi]

Bolt 1/8" (3mm) corrosion allowance No

Anchor rod effective area Ase = 0.462 [in]

Concrete strength fo =45 [ksi]

Base plate yield strength F, = 36.0 [ksi]

Strength reduction factor ACI 318-08
Bearing on concrete o, = 0.65 9.3.24
Base plate bending o, = 0.90

CONCLUSION

[Base Plate Size and Anchor Bolt Tensile Is Adequate] OK
[The Base Plate Thickness Is Adequate] ratio= 0.52
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DESIGN CHECK
Code Reference
For base plate subject to large moment ACI 318-08
Anchor rod tensile resistance Tr = ¢ s Nt Ase futa =129.9 [kips] D.5.1.2 (D-3)
s = 0.75 for ductile steel element D.4.4 (a)
AISC Design Guide 1
W Shapes m = (N-0.95d)/2 = 4.40 [in]
n = (B -0.8b;)/2 =7.78 [in] 3.1.2 on Page 15
HSS Rectangle Shapes m = (N-0.95d)/2 =4.40 [in] 3.1.3 on Page 16
n = (B -0.95b;) /2 =717 [in]
HSS Round Shapes m = (N-0.8d)/2 =544 [in] 3.1.3 on Page 16
n = (B -0.8b)/2 =544 [in]
m value used for design m = = 4.40 [in]
n value used for design n = =7.78 [in]
Suggested plate thickness for rigidity: t, = max. of m/4 and n/4 =1.94 [in]
Base plate area A; = BxN =4840  [inY
Pedestal area A, = b,xd, = 15376.0 [in?]
ACI 318-08
k = min [ sqrt(Ay/A,), 2] = 2.000 10.14.1
0Pn = ¢, 0.85 ' As k = 2406.7 [kips] 10.14.1
> Py, OK
LCB1: Axial Compressive AISC Design Guide 1
x = bRy 0.039 3.1.2 on Page 16
=T 5 =0. .1.2 on Page
(d + by )2 ¢ch 9
= min( 29X _ 1) =0.2
A=A =0
An' = A sqrt(dxb;)/ 4 = 0.53 [in]
For W shape L = max (m, n, An") =778 [in] 3.1.2 on Page 15
For HSS and Pipe L = max (m, n) =778 [in] 3.1.3 on Page 16
L value used for design L = 7.78 [in]
t, =L _2R =0.88 [in]
# F,BN
Base Plate B x N OK
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Small moment case
Bearing length

Verify linear bearing pressure

If Y>=m

If Y<m

Large moment case

Check if real solution of Y exist

Bearing length

Anchor rod tension force

At anchor rod tension interface

At conc. bearing interface

If Y>=m

IfY<m

Base Plate B x N OK

LCB2: Axial Compression + Moment

PlJ

e
fomax)
qmax
Cerit

e

0.1
M,/ Py
= ¢.0.85 'k

= fomax) X B

= N/2-Py/ (20max)

[kips]

> Eqit

This case does not apply

Y =N-2e
q=P,/Y
fo = P,/BY
m = max(m , n)
treqr = 1.49m sqrt( f, / Fy)
o]
treqe = 2.1 =

y

tmin = max ( treq1a trqu )

This case applies

var,
var,

vary

treq—t

treq-b

treq-b

tmin

= (f+ N/2)"2
= 2P, (e+f) / dmax

> var,

2P (e+f)

q max

(2 (3]

= QmaxY - Py
=0.14

=f-d2+t/2

T, X
BFy

= 2.11

= max(m, n)
= 1.49m sqrt( fomax / Fy)

Y
fp(max) Y(m - E)
Fy

=21

= maX ( teqt treqs )

Large moment case applied

= 30.0

= 3600.00
4.97
109.40
11.00

0.00
0.00

Qmax

0.00
7.78
0.00

1]

= 0.00

= 0.00

= 400

18.0

=2.38

= 0.49

7.78
0.00

=0.89

= 0.89

[Kip-ft]
[in]

[ksi]
[Kips/in]
[in]

[in]
[Kips/in]
oK
[ksi]

[in]
[in]
[in]
[in]
[in*]

[in?]

OK

[in]

[kips]

OK

[in]

[in]

[in]

[in]

[in]

[in]

40of 6

Code Reference

AISC Design Guide 1

Eq. 3.3.14a-1

Eq. 3.3.15a-1

.343

.34.2

.346
Eq. 3.4.7a
3.3.14a-2

Eq.

Eq. 3.3.15a-2
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Small moment case
Bearing length

Verify linear bearing pressure

If Y>=m

If Y<m

Large moment case

Check if real solution of Y exist

Bearing length

Anchor rod tension force

At anchor rod tension interface

At conc. bearing interface

If Y>=m

IfY<m

Base Plate B x N OK

LCB3: Axial Compression + Moment

P, = 15.0
e = My/Py
fomax) = ¢.0.85 f.'k
Omax = fpmax) X B
N/2 - Py 1 (2qmax)

[kips]

€orit

€ > Eqit

This case does not apply

Y =N-2e
q=P,/Y
f, = P,/BY

m = max(m , n)
treqr = 1.49m sqrt( f, / Fy)

y

tmin = max ( treq1a trqu )

This case applies
vary = (f + N/2)"2
var, = 2P, (e+f) / qmax

var, > var,

Y =
Ty = GmaxY - Py
ratio = 0.08

x =f-di2+t/2

toge = 2.1 Ty X
BFy
m = max(m, n)

treq-b = 1.49m Sqrt( fp(max) / Fy)

Y
] fp(max) Y(m - 5)

treq-b =2. Fy

tmin = max ( treq-tr treq-b )

2
N NY 2P, (e+f)
(”zH(f*z) T O

Large moment case applied

= 30.0

= 24.00
4.97
109.40
10.93

0.00
0.00

Qmax

0.00
7.78
0.00

]

= 0.00

= 0.00

= 400
=9

=2.38

= 0.36

7.78
0.00

= 1.04

= 1.04

[Kip-ft]
[in]

[ksi]
[Kips/in]
[in]

[in]
[Kips/in]
oK
[ksi]

[in]
[in]
[in]
[in]
[in*]

[in?]

OK

[in]

[kips]

OK

[in]

[in]

[in]

[in]

[in]

[in]

50f6

Code Reference

AISC Design Guide 1

Eq. 3.3.14a-1

Eq. 3.3.15a-1

Eq. 3.4.3

Eq. 3.4.2

Eq. 3.4.6

Eq. 3.4.7a

Eq. 3.3.14a-2

Eq. 3.3.15a-2
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60of 6
LCB4: Axial Tensile

Factored tensile load P, = =10.0 [Kips]
For base plate subject to tensile force only ACI 318-08
Anchor rod tensile resistance T = ¢1s N Asefuta = 207.9 [kips] D.5.1.2 (D-3)
s = 0.75 for ductile steel element D.4.4 (a)
ratio = 0.05 > Py OK
Bolt pattern Bolt Outside Flange Only
Total No of anchor bolt n=28
Bolt to column center dist. f=90 [in]
Bolt to column web center dist. fi = 9.0 [in]
Each bolt factored tensile load T, =13 [kips]
f
d ’*
o | e - EERINE
- [ — 21 (]
| I} = Iyl Ny
* | < men 3 |« & | e
o be
m | 095d | m E 4
N fo
BASE PLATE GEOMETRIC BASE PLATE SUBJECT TO TENSILE LOAD

Bending to Column Flange
Moment lever arm a =238 [in]
Moment to column flange M, = 0.25 [Kip-ft]
Effective plate width ber = 2xa =476 [in]

4 M
Base plate required thickness tyy = [ —— =0.28 [in]
beﬁ ¢b Fy

Bending to Column Web

Moment lever arm a = 8.82 [in]
Moment to column flange M, = 0.92 [kip-ft]
Effective plate width ber = 2xa = 17.63 [in]
. . 4 M, .
Base plate required thickness to = [———— = 0.00 [in]
befl ¢b Fy
tmin = max (tpy, t2) =0.28 [in]

Anchor Bolt Tensile OK
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Example 52: Base Plate (S16-09) & Anchor Bolt (CSA A23.3-04) Design With Anchor Reinforcement

BASE PLATE & ANCHOR BOLT DESIGN - MOMENT CONNECTION
Base Plate Data
Column section type =| W_Shape -
Column size :| W360x79 L|
Depth d = 354.0 [mm]  Flange thickness tr = 16.8 [mm]
Flange width b; = 205.0 [mm]  Web thickness t, =94 [mm]
Base plate anchor bolt pattern = | 4 or 6-Bolt MC WF j ? base plate is moment connection
Base plate anchor bolt location = | Bolt Outside Flange Only j ?
B B B B
C C C
(S2) (S2) (S2)
o o+
L A
= Cf -+ 4 = olh = =
= Sl I
Y
2-BOLT PIN 4-BOLT PIN 4 or 6-Bolt MC WF 4 or 6-Bolt MC HS
suggest
Base plate width B = 559 [mm] 380
Base plate depth N = 559 [mm] 530
Base plate thickness t, = 51 [mm] 45
Anchor bolt spacing s, = C C =457 [mm] 280
Anchor bolt spacing s; =D D = 457 [mm] 430
St
f f
d
| | - t
e i
S s | ,‘,,,,‘,,,é,m f\\ /U =
R mor e e e
m 1 0.95d 1 m = et
N o
BASE PLATE GEOMETRIC BASE PLATE SUBJECT TO TENSILE LOAD
Bolt to column center dist. f =229 [mm]
Bolt to column web center dist. fi = 229 [mm]
Suggested plate thickness for rigidity: t, = max. of m/4 and n/4 =l No =| ?
Factored column load
LCB Cases P, [kN] V, [kN] M, [kNm]
LCB1 |Axial Comp. 444.8 66.7 0.0
LCB2 |Axial Comp. + M 0.0 89.0 40.7
LCB3 |Axial Comp. + M 66.7 89.0 40.7
LCB4 |Axial Tensile 44.5 155.7 0.0
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Anchor Bolt Data

2 BOLT LINE

No of bolt line for resisting moment

No of bolt along outermost bolt line

Outermost bolt line spacing s
Outermost bolt line spacing s>

Internal bolt line spacing spq

Internal bolt line spacing sp»

Anchor bolt material

Anchor tensile strength

Anchor bolt diameter
Bolt sleeve diameter

Bolt sleeve height

Anchor bolt embedment depth
Pedestal height

Pedestal width

Pedestal depth

$1
S2

Sh1

Sb2

futa

20f4

Code Reference

S BOLT LINE 4 BOLT LINE
=| 3BoltLine -
=3
min required
= 457 [mm] 89 OK
= 457 [mm] 89 OK
= 229 [mm] 89 OK
=0 [mm] 89 OK
=| F1554 Grade55  ~|
=75.0 [ksi] = 517 [MPa]
Anchor is ductile steel element
=| 0.875 = [in] max 1.5in =222 [mm]
=51 [mm]
=178 [mm]
min required
= 508 [mm] 267 OK
= 584 [mm] 584 OK
= 3150 [mm]
= 3150 [mm]

PIP STE05121
Page A -1 Table 1

A23.3-04 (R2010)
D.2

PIP STE05121
Page A -1 Table 1

Page A -1 Table 1
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3of4
Code Reference
Bolt edge distance c, cy = 1562 [mm] 135 OK PIP STE05121
Bolt edge distance c, Cc, = 1582 [mm] 135 OK Page A -1 Table 1
Bolt edge distance c; c; = 2540 [mm] 135 OK
Bolt edge distance c, cy = 2540 [mm] 135 OK
<@§i <=min(0.5C1,0.3C2) <=min(0.5C1,0.3C2)
(L, 9 \ ) m_rb« ﬁ_a«
/// ~ 8 = S = S
/ L L) \| — K Q\ L] i L ) — . L —
,\ | S o S ° o & S
— (] 1 . / \ I
N P S 35° S L} 3s° S
O — \Q \C ! ) \C o 2
C4 ‘Sz‘ C2 C4 S2), C2 C4 ‘Sz C2
I I I I
be be be
Ver. Reinft For Tension Hor. Ties For Shear - 4 Legs Hor. Ties For Shear - 2 Legs
Nu
N
m Mu
<V
S d
j8 1 ‘ ‘
N - . - + -+
o > i O g % (a8
J N P — v e
- = ~
© dm
Ci lSwi Cs Ci1 St i C3
T T T T
dc dc
ACI318 M-08
To be considered effective for resisting anchor tension, ver reinforcing bars shall be located RD.5.2.9
within 0.5h; from the outmost anchor's centerline. In this design 0.5h,; value is limited to 200mm.
0.5h¢ = 200 [mm]
No of ver. rebar that are effective for resisting anchor tension n, =6
Ver. bar size dp=| 25 = single bar area A; = 500 [mm?]
To be considered effective for resisting anchor shear, hor. reinft shall be located RD.6.2.9
within min( 0.5¢;, 0.3c, ) from the outmost anchor's centerline min(0.5c4, 0.3¢,) = 46 [mm]
No of tie leg that are effective to resist anchor shear Neg = 2 ?
No of tie layer that are effective to resist anchor shear Nay =| 2 =] ?
Tie bar size dp=| 15 = single bar area A; = 200 [mmz]
For anchor reinft shear breakout strength calc | 100% hor. tie bars develop full yield strength L| ?

2011-12-30 Rev 1.2.7 Page 149 of 157



CivilB ay www.civilbay.com

Concrete Anchorage Design v1.2.7 User Manual Dongxiao Wu P. Eng.
suggest 40f 4
Concrete strength fo =31 [MPa] 30
Rebar yield strength f, = 414 [MPa] 400 -
Base plate yield strength Fy = 248 [MPa] 300 . ‘r:‘f Mbd :f
b nl ©
Total no of anchor bolt n=38 mw@ ii
No of anchor bolt carrying shear ng =8 o
For side-face blowout check use Cq 1 S2 1 C2
No of bolt along width edge Npw = 3 be
No of bolt along depth edge Npg = 3

Bolt No Input for Side—Face
Blowout Check Use

Anchor head type =| Heavy Hex ﬂ ?
Anchor effective cross sect area A = 0462  [in? = 208 [mm?
Bearing area of head Apg = 1.188  [in? = 766 [mm?
Abrg [in%] not applicable
Code Reference
Bolt 1/8" (3mm) corrosion allowance =| No ﬂ ?
Provide shear key ? =l No | ? A23.3-04 (R2010)
Seismic region where IgF,S,(0.2)>=0.35 =l No =| ? D.4.3.5
Provide built-up grout pad ? =| Yet*| ? D.7.1.3
CONCLUSION
OVERALL ratio = 0.94 OK
BASE PLATE
Base Plate Size and Anchor Bolt Tensile OK
Base Plate Thickness ratio = 0.52 OK

ANCHOR BOLT
LCB1 Axial Compression

Abchor Rod Embedment, Spacing and Edge Distance OK
Min Rquired Anchor Reinft. Development Length ratio = 0.94 OK
Overall Ratio ratio = 0.29 OK
LCB2 Axial Compression + Moment

Abchor Rod Embedment, Spacing and Edge Distance OK
Min Rquired Anchor Reinft. Development Length ratio = 0.94 OK
Overall Ratio ratio = 0.57 OK
LCB3 Axial Compression + Moment

Abchor Rod Embedment, Spacing and Edge Distance OK
Min Rquired Anchor Reinft. Development Length ratio = 0.94 OK
Overall Ratio ratio = 0.49 OK
LCB4 Axial Tensile

Abchor Rod Embedment, Spacing and Edge Distance OK
Min Rquired Anchor Reinft. Development Length ratio = 0.94 OK
Overall Ratio ratio = 0.68 OK
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10f6
BASE PLATE DESIGN
Base plate design based on Code Abbreviation
AISC Design Guide 1: Base Plate and Anchor Rod Design 2nd Edition AISC Design Guide 1
CSA-A23.3-04 (R2010) Design of Concrete Structures Annex D A23.3-04 (R2010)
ACI 318M-08 Metric Building Code Requirements for Structural Concrete and Commentary ACI318 M-08
DESIGN DATA
Column section type W_Shape
Column size W360x79
Depth d = 354.0 [mm]  Flange thickness t; = 16.8 [mm]
Flange width b = 205.0 [mm]  Web thickness t, = 9.4 [mm]
Base plate anchor bolt pattern 4 or 6-Bolt MC WF base plate is moment connection
B B B
C C ¢ ¢
. S R S o
= + + = M =zl o =z o
+ |+
LR e
2-BOLT PIN 4-BOLT PIN 4 or 6-Bolt MC WF 4 or 6-Bolt MC HS
suggest
Base plate width B = 559 [mm] 380
Base plate depth N = 559 [mm] 530
Base plate thickness t, = 51 [mm] 45
Anchor bolt spacing C =457 [mm] 280
Anchor bolt spacing D = 457 [mm] 430
Anchor bolt diameter d = 0.875 [in] max 1.5 in
f
d %
j o LA i ¢
N — S (]
A S S
m | 095d | m -2 Dt
N S
BASE PLATE GEOMETRIC BASE PLATE SUBJECT TO TENSILE LOAD
suggest
Bolt to column center dist. f =229 [mm]  228.6 mm
Bolt to column web center dist. fi = 229 [mm]  228.6 mm
Pedestal width b, = 3150 [mm]  >=724 mm
Pedestal depth d. = 3150 [mm]  >=724 mm
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20f6

Factored column load

LCB Cases P, [kN] My [kNm] [ t; (mm) Base Plate Size

LCB1 |Axial Compressive 444.8 0.0 22.3 |Base Plate B x N OK

LCB2 |Compression + M 0.0 40.7 22.5 |Base Plate B x N OK

LCB3 |Compression + M 66.7 40.7 26.3 |Base Plate B x N OK

LCB4 |Axial Tensile 44.5 0.0 7.1 |Anchor Bolt Tensile OK
Min required plate thickness 26.3

suggest max plate thickness 45 mm
Suggested plate thickness for rigidity: t, = max. of m/4 and n/4 = No
For base plate subject to tensile force only
Total No of anchor bolt n=28

Bolt pattern Bolt Outside Flange Only

For base plate subject to large moment

No of bolt resisting tensile force n=5
Anchor rod material F1554 Grade 55
Anchor rod tensile strength fua = 75.0 [ksi] = 517 [MPa]
Bolt 1/8" (3mm) corrosion allowance No
Anchor rod effective area A = 0462  [in?] = 298 [mm?]
Concrete strength fo =31 [MPa]
Base plate yield strength F, = 248 [MPa]
Code Reference
Strength reduction factor A23.3-04 (R2010)
Bearing on concrete o, = 0.65 8.4.2
Steel anchor resistance factor ¢0s = 0.85 8.4.3 (a)
Base plate bending o, = 0.90
CONCLUSION
[Base Plate Size and Anchor Bolt Tensile Is Adequate] OK
[The Base Plate Thickness Is Adequate] ratio= 0.52
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DESIGN CHECK

For base plate subject to large moment

Anchor rod tensile resistance T,
Ris

W Shapes m
n

HSS Rectangle Shapes m
n

HSS Round Shapes m
n

m value used for design m
n value used for design n

Base plate area A,
Pedestal area A,
k

$cPn

LCB1: Axial Compressive

A

an'

For W shape L
For HSS and Pipe L
L value used for design L

Base Plate B x N OK

Suggested plate thickness for rigidity: t, = max. of

X = o U
(d+ bf)2 A

p =

Nt Ase O futa Res
0.80

for ductile steel in tension

(N - 0.95d) / 2
= (B -0.8b)/2

= (N-0.95d)/ 2
= (B -0.95b;) /2

= (N-0.8d)/2
= (B.-0.8by) / 2

m/4 and n/4

=BxN
= b.xdg

= min [ sqrt(Ax/Aq), 2]
= ¢, 0.85 f,' A k

4db, P

u

20X 4
T+ A-X

min(

= A sqrt( dxb;)/ 4

= max (m, n, An")

= max (m, n)

2R
4, F,BN

524.0

111.3

197.4

111.3
182.0

137.8
137.8

111.3
197.4

49.4

3.1E+05
9.9E+06

2.00

10696.4

Py

0.039

0.2

13.4

197.4

197.4

197.4

22.3

[kN]

[mm]

[mm]
[mm]
[mm?]

[mm?]

[kN]
OK

[mm]
[mm]
[mm]

[mm]

[mm]

30f6
Code Reference
A23.3-04 (R2010)
D.6.1.2 (D-3)

D.5.4(a)

AISC Design Guide 1
3.1.2 on Page 15

3.1.3 on Page 16

3.1.3 on Page 16

A23.3-04 (R2010)
10.8.1

AISC Design Guide 1

3.1.2 on Page 16

3.1.2 on Page 15
3.1.3 on Page 16
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Small moment case
Bearing length

Verify linear bearing pressure

If Y>=m

If Y<m

Large moment case

Check if real solution of Y exist

Bearing length

Anchor rod tension force

At anchor rod tension interface

At conc. bearing interface

If Y>=m

IfY<m

Base Plate B x N OK

LCB2: Axial Compression + Moment

P, =01 [kN]
e = My/Py
fomax) = ¢ 0.85 f.'k
Omax = fpmax) X B
€uit = NI2-Py/ (20max)

€ > Eqit

This case does not apply

Y =N-2e
q=P,/Y
f, = P,/BY

m = max(m, n)
treqr = 1.49m sqrt( f, / F))

trqu =
y

tmin = max ( treq1a trqu )

This case applies
vary = (f + N/2)"2
var, = 2P, (e+f) / qmax

var, > var,

Y =
Ty = GmaxY - Py
ratio = 0.15

x =f-di2+1t/2

toge = 2.1 Ty X
BFy
m = max(m, n)

treq-b = 1.49m Sqrt( fp(max) / Fy)

Y
fp(max) Y(m - 5)
Fy

troqo = 2.11

tmin = max ( treq-tr treq-b )

2
N NY 2P, (e+f)
(”zH(f*z) T

Large moment case applied

=407

= 407000
34.3
19142
279.4

1]
o

qmax

0.0
197.4
0.0

1]

= 258064

= 4255

=42

= 80.4

= 60.0

=124

=197.4

= 0.0

=225

=225

[kNm]
[mm]
[MPa]
[N/mm]

[mm]

[mm]
[N/mm]
OK
[MPa]
[mm]
[mm]
[mm]
[mm]
[mm?]
[mm?]

OK
[mm]
[kN]

OK
[mm]
[mm]
[mm]
[mm]

[mm]

[mm]

4 0of 6

Code Reference

AISC Design Guide 1

Eq. 3.3.14a-1

Eq. 3.3.15a-1

Eq.3.4.3

Eq. 3.4.2

Eq. 3.4.6

Eq. 3.4.7a

Eq. 3.3.14a-2

Eq. 3.3.15a-2
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Small moment case
Bearing length

Verify linear bearing pressure

If Y>=m

If Y<m

Large moment case

Check if real solution of Y exist

Bearing length

Anchor rod tension force

At anchor rod tension interface

At conc. bearing interface

If Y>=m

IfY<m

Base Plate B x N OK

LCB3: Axial Compression + Moment

P, = 66.7 [kN]
e = My/Py
fomaxy = ¢.0.85 'k
Omax = fpmax) X B
N/2 - Py 1 (2qmax)

€rit

€ > Eqit

This case does not apply

Y =N-2e
q=P,/Y
f, = P,/BY

m = max(m, n)
treqr = 1.49m sqrt( f, / F))

trqu =
y

tmin = max ( treq1a trqu )

This case applies
vary = (f + N/2)"2
var, = 2P, (e+f) / qmax

var, > var,

Y =
Ty = GmaxY - Py
ratio = 0.08

x =f-di2+1t/2

toge = 2.1 Ty X
BFy
m = max(m, n)

treq-b = 1.49m Sqrt( fp(max) / Fy)

Y
fp(max) Y(m - 5)
Fy

troqo = 2.11

tmin = max ( treq-tr treq-b )

2
N NY 2P, (e+f)
(”zH(f*z) T

M, = 40.7
= 610
343
19142
277.7

Large moment case applied

1]
o

qmax

0.0
197.4
0.0

1]

= 0.00

= 258064

= 5846

=58

=441

= 60.0

197.4
0.00

= 26.3

= 26.3

[kNm]
[mm]
[MPa]
[N/mm]

[mm]

[mm]
[N/mm]
OK
[MPa]
[mm]
[mm]
[mm]
[mm]
[mm?]
[mm?]

OK
[mm]
[MPa]

OK
[mm]
[mm]
[mm]
[mm]

[mm]

[mm]

50f6

Code Reference

AISC Design Guide 1

Eq. 3.3.14a-1

Eq. 3.3.15a-1

Eq.3.4.3

Eq. 3.4.2

Eq. 3.4.6

Eq. 3.4.7a

Eq. 3.3.14a-2

Eq. 3.3.15a-2
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60f 6
LCB4: Axial Tensile

Factored tensile load Py, = =445 [kN]
For base plate subject to tensile force only A23.3-04 (R2010)
Anchor rod tensile resistance T = nAg s futa Ris = 838.5 [kN] D.6.1.2 (D-3)
Ris = 0.80 for ductile steel in tension D.5.4(a)
ratio = 0.05 > Py OK
Bolt pattern Bolt Outside Flange Only
Total No of anchor bolt n=28
Bolt to column center dist. f =229 [mm]
Bolt to column web center dist. fi = 229 [mm]
Each bolt factored tensile load T, =56 [kN]
f
d ’*
o e - EERINE
_ [ — 2 4 (]
- i L = (I a
.| - mory e e e
o be
m | 095d | m E 4
N fo
BASE PLATE GEOMETRIC BASE PLATE SUBJECT TO TENSILE LOAD
Bending to Column Flange
Moment lever arm a =60 [mm]
Moment to column flange M, =03 [kNm]
Effective plate width ber = 2xa =120 [mm]

4 M
Base plate required thickness tyy = [ —— =71 [mm]
beﬁ ¢b Fy

Bending to Column Web

Moment lever arm a =224 [mm]
Moment to column flange M, = 1.2 [kNm]
Effective plate width ber = 2xa = 448 [mm]
. ) 4 M,
Base plate required thickness to = [ ——— = 0.0 [mm]
befl ¢b Fy

tmin max ( tp1x tp2 ) 7.1 [mm]

Anchor Bolt Tensile OK
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