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1.0 INTRODUCTION

Anchorage to concrete Concrete Capacity Design (CCD) Method was first introduced in ACI 318-02 and ACI 349-01
Appendix D, followed by CSA A23.3-04 Annex D. Anchorage design provisions in ACI 318-08 and ACI 349-06 Appendix D,
CSA A23.3-04 Annex D are similar except that ACI 349-06 imposes a more severe penalty on non-ductile anchor design

(ACI 349-06 D3.6.3) and also ACI 349-06 provides additional provisions for shear transfer using friction and shear lugs.

Since ACI 318-02 the ACI has released ACI 318-05, ACI 318-08, and recently ACI 318-11. In ACI 318-08 the definition for
Anchor Reinforcement is introduced, and the strength of Anchor Reinforcement used to preclude concrete breakout in
tension and in shear is codified (ACI 318-08 D.5.2.9 and D.6.2.9.), guidance for detailing the Anchor Reinforcement is given
in ACI 318-08 RD.5.2.9 and RD.6.2.9.

Since CSA A23.3-04 CSA has released several updates to catch up ACI's revisions on anchorage design, with the latest
CSA A23.3-04 (R2010, Reaffirmed 2010) partially incorporated Anchor Reinforcement (CSA A23.3-04 R2010 D.7.2.9). It's
expected that the same Anchor Reinforcement provisions as ACI 318-08 will be amended in the next revision of CSA A23.3-
04 update.

This technical writing includes a series of design examples covering mainly the anchorage design of grouped anchors and
studs, in both ACI 318-08 and CSA A23.3-04 R2010 code. The design examples are categorized in Anchor Bolt and Anchor

Stud, with Anchor Reinforcement and without Anchor Reinforcement, with moment presence and without moment presence.

Anchor Bolt and Anchor Stud

The main difference between anchor bolt and anchor stud is the way how they attach to the base plate. For anchor bolt
normally the anchor bolt holes on base plate are much bigger than anchor bolt diameter due to cast-in anchor bolt
construction tolerance, while the anchor stud is rigidly welded to the base plate. This different approach of attachment will
cause the difference on shear transfer mechanism during anchorage design (ACI 318-08 RD.6.2.1(b)).

Anchor Reinforcement and Supplementary Reinforcement

In all concrete failure modes, the tensile and shear concrete breakout strengths are most of the time the lowest strengths
among all concrete failure modes. The concrete breakout strength limits the anchor design strength and make anchor bolt
design not practical in many applications such as concrete pedestal, which has limited edge distances surrounding anchor
bolts.

In ACI 318-08 the definition for Anchor Reinforcement is introduced, and the strength of Anchor Reinforcement used to
preclude concrete breakout in tension and in shear is codified (ACI 318-08 D.5.2.9 and D.6.2.9.), guidance for detailing the
Anchor Reinforcement is given in ACI 318-08 RD.5.2.9 and RD.6.2.9. The use of Anchor Reinforcement in many times is the

only choice to make a practical anchor bolt design in applications such as concrete pedestal.
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Anchor Reinforcement for Tension ACI 318-08 RD.5.2.9 Anchor Reinforcement for Shear ACI 318-08 RD.6.2.9

The use of supplementary reinforcement is similar to the anchor reinforcement, but it isn't specifically designed to transfer
loads. If supplementary reinforcement is used, the concrete strength reduction factor ¢ is increase 7% from 0.70 to 0.75,

which is not that significant in terms of increasing concrete breakout strength.
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Supplementary Reinforcement ACI 318-08 Condition B
Supplementary Reinforcement ACI 318-08 Condition A

Anchor Ductility
When an anchor’s overall design strength, for both tension and shear, is equal to the design strength of anchor rod steel
element, and all potential concrete failure modes have design strengths greater than the anchor rod steel element design

strength, this anchor design is considered as ductile anchor design.

Anchor’s ductility is its own characteristic related to anchor rod material, embedment depth, anchor bolt spacing and edge
distances etc, and has nothing to do with the applied loadings. If high strength anchor rod material is used, it would be more
difficult to achieve the ductile design as deeper embedment depth, larger edge distances are required for concrete failure
modes design strengths to surpass anchor rod material design strength. The high strength anchor bolt material shall only be
used when it's necessary, such as for anchorages required pre-tensioned or subjected to dynamic impact load in cold
temperature environment (A320 Grade L7). In most cases the anchorage design won't benefit from the high strength bolt
material as the concrete failure modes will govern, and the use of high strength bolt will make the anchor ductile design
almost impossible.
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For anchorage design in moderate to high seismic zone (ACI 318-08 SDC>=C and CSA A23.3-04 R2010 IgF.S4(0.2)>=0.35)
ductile anchor design is mandatory as specified in ACI 318-08 D.3.3.4 and CSA A23.3-04 R2010 D.4.3.6.

For anchorage design in low seismic zone (ACI 318-08 SDC<C and CSA A23.3-04 R2010 1gF2Sa(0.2)<0.35), the non-ductile
anchor design is permitted, but when calculating anchor bolt force distribution, the plastic analysis approach is not permitted
for non-ductile anchor as specified in ACI 318-08 D.3.1 and CSA A23.3-04 R2010 D.4.1.

M. Mu
A VR
P T T2
T
ELASTIC ANALYSIS PLASTIC ANALYSIS
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2.0 DESIGN EXAMPLES

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

N uTZO KIPS

!
V=24

KIPS

15"
6’
55"

:C)
I i @
. = =
5" 6" 5”
1 1
16"
Ny= 20 kips ( Tension ) V, = 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 her= 55"

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

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

Provide built-up grout pad
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1of6

ANCHOR BOLT DESIGN Combined Tension and Shear
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 is provided

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

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

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

Code Abbreviation
ACI 318-08

PIP STE05121
Code Reference
ACI 318-08

D.4.4 (c)
D.4.4

D.5.2.9&D.6.2.9

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 Vi, = 25.0 [kips] V. =0 if shear key is provided
Concrete strength fo = 4.0 [ksi] = 27.6 [MPa]
Anchor bolt material =| F1554 Grade 36 g
Anchor tensile strength fua = 58 [ksi] = 400 [MPa] ACI 318-08
Anchor is ductile steel element D.1
Anchor bolt diameter d, :I 1 ll [in] =254 [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] 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)
N I N S .
o = (&) = o
e R Te i ! Al o | o e
»n © » T °© °© »n ©
e [ || || —¢ /._«\ e
o s 35” S J o S
e o J J e o @ J
C4 ‘Sz‘ C2 C4 [ S2 C2 Cq ‘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 2 0of 6
Bolt edge distance c; ¢, =50 [in] 4.5 OK Code Reference
Bolt edge distance c, c, =50 [in] 45 OK PIP STE05121
Bolt edge distance c3 c3 = 5.0 [in] 4.5 OK Page A -1 Table 1
Bolt edge distance c4 ¢, =5.0 [in] 4.5 OK
Outermost bolt line spacing s s; = 6.0 [in] 4.0 OK Page A -1 Table 1
Outermost bolt line spacing s; S, = 6.0 [in] 4.0 OK
ACI 318-08
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 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 Yl: 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( 0.5c¢4, 0.3c, ) from the outmost anchor's centerline min(0.5c4, 0.3c,) = 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 :I 2 "I ?
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]
No of bolt carrying tension n =4 S
No of bolt carrying shear ng =4 . ‘V:‘fmbd N
b ol ©
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
N
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 = 1.163 [in?] Blowout Check Use
Aprg [in] not applicable
Bolt 1/8" (3mm) corrosion allowance =| No L| ?
Provide shear key ? =| No | 2 ACI 318-08
Seismic design category >= C =| Yesw| ? D.3.3.3
Provide built-up grout pad ? = Yesl| ? D.6.1.3
Strength reduction factors
Anchor reinforcement ds = 0.75 D.5.2.9&D.6.2.9
Anchor rod - ductile steel drs = 0.75 ¢dys = 0.65 D.4.4(a)
Concrete - condition A dc = 0.75 oy = 0.75 D.4.4(c)
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CONCLUSION

Overall
Tension

Anchor Rod Tensile Resistance

Anchor Pullout Resistance
Side Blowout Resistance
Shear

Anchor Rod Shear Resistance

Strut Bearing Strength

Tie Reinforcement

Tension Shear Interaction
Tension Shear Interaction

Ductility

Seismic Desigh Requirement

CACULATION

Anchor Rod Tensile

Resistance

Min tension development length
for ver. #8 bar
Actual development lenngth

<O.5hef
8in

c=2in

Anchor Reinft Shear Breakout Resistance

Tension

Abchor Rod Embedment, Spacing and Edge Distance
Min Rquired Anchor Reinft. Development Length

Anchor Reinft Tensile Breakout Resistance

Conc. Pryout Not Govern When hy >= 12d,

Non-ductile

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

Shear

=025
=0.70

=0.19
= 0.09
= 0.26
=0.27

0.57

0.59
0.46

0.70

Ductile

Code Reference
ACI 318-08

OK
OK
OK

12.2.1

OK
OK
OK
OK

OK

OK

OK

OK

OK

ACI 318-08

NG D.3.34

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

q) ts Nsa

= s N Asefuta

ratio = 0.19

hef
la

35

Seismic design strength reduction

Anchor Reinft Tensile Breakout Resistance

ld:

I, = hes-c (2in) - 8in x tan35

N = ds Xy xny X Ag X (Ia /g if 15 < )
= x0.75 applicable
ratio = 0.09

105.4

47.4

47.4
12.0

284.2
213.1

ACI 318-08
[kips] D.5.1.2 (D-3)
OK
[in] 12.2.1,12.2.2,12.2.4
[in]
OK 1221
ACI 318-08
[kips] 12.2.5
[kips] D.3.3.3
OK

30of6
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Anchor Pullout Resistance
Single bolt pullout resistance N, = 8 Apg e =372
Nepr =0 (e Non = & e Nt PepNp = 104.2
Seismic design strength reduction = x0.75 applicable =782
ratio = 0.26 > N,
Wp = 1 for cracked conc
¢ = 0.70 pullout strength is always Condition B
Side Blowout Resistance
Eailure Along Pedestal Width Edge
Tensile load carried by anchors close to edge which may cause side-face blowout
along pedestal width edge Nbuw = Ny X Ny / Ny = 10.0
c = min(cy C3) =50
Check if side blowout applicable het = 55.0 [in]
> 2.5¢ side bowout is applicable
Check if edge anchors work as a Sy, = 6.0 [in] S=s, = 6.0
a group or work individually < 6C edge anchors work as a group
Single anchor SB resistance dre Nop = 4y, (1600 Ay ) YN = 40.9
Multiple anchors SB resistance &tcNsbgw =
work as a group - applicable = (1+s/ 6C) X ¢y ¢ Ngp =49.1
work individually - not applicable = Npy X Orc Nep X [1+(C 0r C)/ ] 1 4 = 0.0
Seismic design strength reduction = x0.75 applicable = 36.8
ratio = 0.27 > Npuw
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
c = min(cy Cyq) =50
Check if side blowout applicable het = 55.0 [in]
> 2.5¢ side bowout is applicable
Check if edge anchors work as a S;3 = 6.0 [in] s=s; = 6.0
a group or work individually < 6C edge anchors work as a group
Single anchor SB resistance dre Nop = 4y, (1600 Ay ) YN = 40.9
Multiple anchors SB resistance dtcNsbga =
work as a group - applicable = (1+s/ 6C) X ¢y ¢ Ngp =49.1
work individually - not applicable = Npg X ¢rc Ngp X [1+(cy0rc3)/ ]/ 4 =0.0
Seismic design strength reduction = x0.75 applicable = 36.8
ratio = 0.27 > Npug
Group side blowout resistance Orc Nsbg = &,c min[ NSbJnt , Mnt J =737
bw bd
Govern Tensile Resistance N = ¢y min (Ng, Nip, Nep, Npg ) =737

[kips]
[kips]
[kips]

OK

[kips]

[in]

[in]

[kips]

[kips]

[kips]

[kips]
oK

[kips]

[in]

[in]

[kips]

[kips]

[kips]

[kips]
oK

[kips]

[kips]

40f6
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.3.3.3
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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 Agefiia =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

Vu/2 Vo2 =
LN :
Tt Tt #-—-a Tt Tt < A
/ \
Cs Cs . A .
he) 35
< /9 QO [® \b -
dn
Strut-and-Tie model geometry d, = 2.250 [in] dy, = 2.250 [in]
8 =45 d = 3182  [in]
Strut compression force C; = 0.5V, /sinb =17.7 [kips]
ACI 318-08
Strut Bearing Strength
Strut compressive strength fee = 0.85f =34 [ksi] A.3.2 (A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min(8d,, her) = 8.0 [in] D.6.2.2
Anchor bearing area Aprg = loxd, =8.0 [in%]
Anchor bearing resistance Cr = ng X st X fee X Aprg = 81.6 [kips]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Apg = (I +1.5 x d; - d/2 -dy/2) x dy =118 [in%]
Ver bar bearing resistance Cr = st X Tee X Apyg = 30.0 [kips]
ratio = 0.59 > 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

Th

€h

ratio

12d,

Check if N, >0.2¢ N, and V,,>0.2¢ V,,

ratio

¢LS Nsa

¢V,S Vsa

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

= Nigg (leg) x Niay (layer)

= ¢ 0.9 e, d,
=45 db

ds X fy X Ag

=1.0xnxTr

x 0.75 applicable
= 0.46

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

=120 [in]
= min (¢v,svsa1 Vrb)
Yes
Ny/ ¢ Ny +Vy/ ¢V,
=0.70
= 105.4 [Kips]
> min [ Nrb ’ d)t,c ( anr Nsbg ) ]
Non-ductile
= 43.9 [Kips]
< Vrb
Ductile

A

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

3.0
2.250

9.0

72.0
54.0

55.0
12d,

43.9

0.84
1.2

73.7

54.0

* 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 Ty,

[kips]
[in]

[kips]

[kips]

[kips]
oK

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

(in]
oK

[kips]

OK

[kips]

[kips]

6 of 6

Code Reference

ACI 318-08
D.5.3.5 (D-16)

D.3.3.3

D.7.1&D.7.2
D.7.3 (D-32)
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Example 02: Anchor Bolt + Anchor Reinft + Tension & Shear + CSA A23.3-04 Code

NUng kN
\
vt o
~ -
(@] =i =
o 7 |

406

152
1524

1397

i A =
(;l 8
127 152 | 127
406

Ny= 89 kN ( Tension) Vu=111.2 kN
Concrete f'=27.6 MPa Rebar f,=414 MPa
Pedestal size 406mm x 406mm
Anchor bolt F1554 Grade 36 1.0" dia Hex Head her=1397mm ha =1524mm
Seismic design g F53S4(0.2) >=0.35
Anchor reinforcement Tension = 8-25M ver. bar

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

Provide built-up grout pad
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Assumptions

Input Data

Factored shear

Concrete strength

Bolt sleeve height

Pedestal height
Pedestal width
Pedestal depth

ANCHOR BOLT DESIGN

1. Concrete is cracked

Factored tension for design
Factored shear for design

Anchor bolt material

Anchor tensile strength

Anchor bolt diameter

Bolt sleeve diameter

ﬁ@i‘

Anchor bolt design based on
CSA-A23.3-04 (R2010) Design of Concrete Structures Annex D

Anchor bolt embedment depth

Combined Tension and Shear

C1 ‘81‘ Cs3

Ver. Reinft For Tension

2. Condition A - supplementary reinforcement is provided

set N, = 0 if it's compression

89.0 [kN]
1112 [kN]
1112 [kN]
28 [MPa]

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

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

V, = 0 if shear key is provided

| F1554 Grade 36

58 [ksi]

=l

Anchor is ductile steel element

| 1 | [in]

76 [mm]
254 [mm]
min required
1397 [mm] 305
1524 [mm] 1473
406 [mm]
406 [mm]
<=min(0.5C1,0.3C2)
S 9 .
2 o
R el e vl —k
w =]
e LN ol
35° o
e L @ J J
C4 [S2| C2
b

Hor. Ties For Shear - 4 Legs

l1of6

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

AISC Design Guide 1

section 3.5.3

20.0 [kips]
25.0 [kips]
4.0 [ksi]
400 [MPa] A23.3-04 (R2010)
D.2
25.4 [mm]  PIP STEO5121
Page A -1 Table 1
OK Page A -1 Table 1
OK
<=min(0.5C1,0.3C2)
h_a
3 3
L 2 . —K—
0 | & S
,[ N 5
o o @ J
C4 ‘ S2), C2
I
be

Hor. Ties For Shear - 2 Legs

2011-12-16 Rev 1.0.0
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min required 2 0of 6
Bolt edge distance c; ¢, =127 [mm] 114 OK Code Reference
Bolt edge distance c, c, =127 [mm] 114 OK PIP STE05121
Bolt edge distance c3 c3 = 127 [mm] 114 OK Page A -1 Table 1
Bolt edge distance c, cy = 127 [mm] 114 OK
Outermost bolt line spacing s 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 0.5hg from the outmost anchor's centerline. In this design 0.5h¢; value is limited to 200mm.

0.5hgs = 200 [mm]
No of ver. rebar that are effective for resisting anchor tension n, =8
Ver. bar size dy=| 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( 0.5c,, 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 :I 2 'l ?
Hor. bar size d,=| 15 = single bar area A; = 200 [mmz]
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 = S
. _ (= Nod
No of bolt carrying shear ng =4 ° o —X
For side-face blowout check use L jf s
No of bolt along width edge Npw = 2 ”bw@ _
No of bolt along depth edge Npg = 2 -
Anchor head type =| Hex g ? ‘ ‘
A =391 [mm?] o ;2 2
Bearing area of head Aprg = 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 ? = No =| ? A23.3-04 (R2010)
Seismic region where IgF,S,(0.2)>=0.35 = Yesl| ? D.4.35
Provide built-up grout pad ? =| Yesw| ? D.7.1.3
Strength reduction factors
Anchor reinforcement factor bas = 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 Rys = 0.75 D.5.4(a)
Concrete - condition A Ric = 1.15 R, = 1.15 D.5.4(c)
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3 of 6

CONCLUSION Code Reference

Abchor Rod Embedment, Spacing and Edge Distance OK  A23.3-04 (R2010)

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

Overall ratio = 0.71 OK

Tension

Anchor Rod Tensile Resistance ratio = 0.21 OK

Anchor Reinft Tensile Breakout Resistance ratio = 0.10 OK

Anchor Pullout Resistance ratio = 0.28 OK

Side Blowout Resistance ratio = 0.27 OK

Shear

Anchor Rod Shear Resistance ratio = 0.58 OK

Anchor Reinft Shear Breakout Resistance

Strut Bearing Strength ratio = 0.60 OK
Tie Reinforcement ratio = 0.30 OK
Conc. Pryout Not Govern When hg >= 12d, OK
Anchor Rod on Conc Bearing ratio = 0.21 OK
Tension Shear Interaction
Tension Shear Interaction ratio = 0.71 OK
Ductility
Tension  Non-ductile Shear  Ductile
Seismic Design Requirement 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
CACULATION A23.3-04 (R2010)
Anchor Rod Tensile Ngr = Ny Age ¢s fua Ris = 425.3 [kN] D.6.1.2 (D-3)

Resistance ratio = 0.21 > Ny OK

Anchor Reinft Tensile Breakout Resistance

Min tension development length ly = = 887 [mm] 12.2.3
for ver. 25M bar
Actual development lenngth I, = hes- ¢ (50mm) - 200mm x tan35 = 1207 [mm]
> 300 OK 1221
<0.5Nef
% 200
°
g -
35°
—_—

Nior = das Xy X Ny X A X (I / 1y if 1, < 1) 1242.0 [kN] 1225
9315 [kN] D.4.35

ratio = 0.10 > N, OK

Seismic design strength reduction x 0.75 applicable

2011-12-16 Rev 1.0.0 Page 17 of 155
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Anchor Pullout Resistance

Single bolt pullout resistance Npr
Nepr
Seismic design strength reduction
ratio
LPCvP
Rie

Side Blowout Resistance
Failure Along Pedestal Width Edge

along pedestal width edge

c
Check if side blowout applicable e
Check if edge anchors work as a Soo
a group or work individually
Single anchor SB resistance Nspr.w
Multiple anchors SB resistance Nsbgrw

work as a group - applicable

work individually - not applicable
Seismic design strength reduction

ratio

Failure Along Pedestal Depth Edge

along pedestal depth edge Npud
c
Check if side blowout applicable e
Check if edge anchors work as a S11
a group or work individually
Single anchor SB resistance Ngpr g
Multiple anchors SB resistance Nsbgr,a
work as a group - applicable
work individually - not applicable
Seismic design strength reduction
ratio
Group side blowout resistance Nsbgr
Govern Tensile Resistance N,

8 Apg O fe' Ric

Ne ¥epNor

x 0.75 applicable
0.28

1 for cracked conc
1.00

Nouw = Nu X Ny / Ny

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

107.7
430.7
3231
Ny

pullout strength is always Condition B

=445

min ( ¢y, C3) =127

1397 [mm]

2.5¢c side bowout is applicable

152 [mm] S=s, = 152

6c edge anchors work as a group

13.3c\[A,, ¢ ' Ry, = 181.7

(1+5/ 6C) X Ny =217.9

Npw X Ngprw X [1+(C2 Or cg)/ c] 1 4 =0.0

x 0.75 applicable = 163.5

0.27 > Nouw

Ny X Npg / N =445

min (Cy, C4) = 127

1397 [mm]

2.5¢ side bowout is applicable

152 [mm] sS=s; =152

6c edge anchors work as a group

13.3c\[A,, ¢ ' Ry, = 181.7

(1+s/ 6C) X dyc Nepr g =217.9

Npg X Ngpr.g X [1+(Cy Or c3)/ ]/ 4 =0.0

x 0.75 applicable = 163.5

0.27 > Npyg

min[ NSbMnl , Mn( ] = 3269
nbw nbd

min ( Nsr, Niors Nepr Nsbgr ) =323.1

40f6
Code Reference
A23.3-04 (R2010)
[kN]  D.6.3.4 (D-16)
[kN]  D.6.3.1 (D-15)
[kN] D.4.35
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.4.35
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.4.35
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 §5 0.6 fia Ry s = 239.2 [kN] D.7.1.2 (b) (D-21)
Resistance
Reduction due to built-up grout pads = x 0.8, applicable = 1914 [kN] D.7.1.3
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
dt
\/u/Z Vu/z =
L i o S
(o4 > ce}
-~ N
Tt Tt —a It Tt < =
/ \
Cs Cs _ N .
o 35
/ \ =
s 0 Qo [® )
dn
Strut-and-Tie model geometry d, = 57 [mm] d, =57 [mm]
6 =45 d =81 [mm]
Strut compression force Cs = 0.5V, /sinb = 78.6 [kN]
ACI318 M-08
Strut Bearing Strength
Strut compressive strength fee = 0.85f =235 [MPa] A.3.2 (A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min(8d,, her) = 203 [mm] D.6.2.2
Anchor bearing area Abrg = lexd, = 5161 [mm?]
Anchor bearing resistance Cr = Ng X st X fee X Aprg = 363.3 [kN]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Aprg = (I +1.5 x d; - d/2 -dy/2) x dy = 7473 [mm?]
Ver bar bearing resistance Cr = st X Tee X Apyg = 1315 [kN]
ratio = 0.60 > Cs 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 = Nigg(leg) x nyy (layer) =8
A23.3-04 (R2010)
Pull out resistance at hook Ty = 0.9 ¢ f¢' ep dy Ry = 16.3 [kN] D.6.3.5 (D-17)
e, = 45d, = 68 [mm]

Single tie bar tension resistance Tr = das X fy X Ag =62.1 [kN]
Total tie bar tension resistance Vigr = 1.0XNnXxTr = 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,, he) X dy X f¢' = 5185 [kN] 25.3.3.2
ratio = 0.21 >V, OK
Govern Shear Resistance V, = min (Vg , Vi , By =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, + VIV, =0.86 D.8.4 (D-35)
ratio = 0.71 <12 OK
Ductility Tension
Ng = 425.3  [kN]
> min ( Nyor , Nepr, Napgr ) =3231  [kN]
Non-ductile
Ductility Shear
Vg = 1914  [kN]
< min (Vy,, By, =3726  [kN]
Ductile
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Example 03: Anchor Bolt + Anchor Reinft + Tension Shear & Moment + ACI 318-08 Code

12.7" MPS
v Mu=35KIP-FT
:LO
_||Vu=29KiPs
. * -
:g :S \—‘ Y 74
“— . - i
Lo
s | ©
O
5" 16" 5"
! !
26"
My = 35 kip-ft Ny= 10 kips (Compression) Vy = 25 kips
Concrete fo'= 4 ksi Rebar fy,=60 ksi

Pedestal size 26" x 26"

Anchor bolt F1554 Grade 36 1.25" dia Hex Head her= 55" ha =60"
Seismic design category < C

Anchor reinforcement Tension > 2-No 8 ver. bar

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

Provide built-up grout pad
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(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

2. Condition A - supplementary reinforcement is provided
3.
4

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

. 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

c

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

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

[kNm]
[kN]
[kN]

lof7

Code Abbreviation
ACI 318-08

PIP STE05121
Code Reference
ACI 318-08

D.4.4 (c)
D.4.4

D.5.2.9&D.6.2.9

D.3.1

AISC Design Guide 1

section 3.5.3

. -

52
.
-
S2
.

S

e o e e o] [

..

'S -
S

2 BOLT LINE 5 BOLT LINE 4 BOLT LINE
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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 s s; = 16.0 [in] 5.0 OK Page A -1 Table 1
Outermost bolt line spacing s» s, = 16.0 [in] 5.0 OK
Internal bolt line spacing sp; 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 fo = 4.0 [ksi] =276 [MPa]
Anchor bolt material =| F1554Grade3s  ~|
Anchor tensile strength fua = 58 [ksi] = 400 [MPa] ACI 318-08
Anchor is ductile steel element D.1
Anchor bolt diameter dq =| 125 | [in] =318 [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 het = 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 c; c; =5.0 [in] 5.0 OK Page A -1 Table 1
Bolt edge distance c, c, =5.0 [in] 5.0 OK
Bolt edge distance c3 c; = 5.0 [in] 5.0 OK
Bolt edge distance c4 c, =5.0 [in] 5.0 OK
<=min(0.5C1,0.3C2) <=min(0.5C1,0.3C2)
S = S 2 3
v S5 P . R N . [ ] —K—
o © » © ° ° o ©
[ s | o—| J| T /—4\ N
S 35° S LY 35° &
X ¥ I o o 9
Cs ‘ 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

Hor. tie bar size No.

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
Anchor effective cross sect area

Bearing area of head

Provide shear key ?

Seismic design category >= C

Provide built-up grout pad ?

Bolt 1/8" (3mm) corrosion allowance

No of tie layer that are effective to resist anchor shear

I 4 "l: 0.500

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

Ng

Now

Ase =

Ab rg
Ab rg

[in] dia single bar area Ag

=0.20

Mu
- d
r 1
e <
5 N ©
<= ~ > - -
N e
=1 =) 14 o~ H:H - VU
o »
<= e . e
)
dm
C1 ‘ S1 ‘ Cs C1 S1 Cs
‘ T
de
ACI 318-08
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 0.5hy 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, 0.3c, ) from the outmost anchor's centerline min(0.5c4, 0.3¢c,) = 1.5 [in]
No of tie leg that are effective to resist anchor shear Neg = 2 ?

Njay :I 2 YI ?

[in?]

suggest

= 60 [ksii 60
=4
=2
=2
:l Hex i‘ ?
=0.969 [in%
= 1817  [in}

[in]  not applicable
=| No =| >
= No =| ?
=| No *| 2
=| Yes=|~?

= 414

[MPa]
S
. ‘r:‘fﬂbd L
P ol ©
ﬂbwj ~
@)

C4 ‘Sz‘ C2

G
be

Bolt No Input for Side—Face
Blowout Check Use

ACI 318-08
D.3.3.3
D.6.1.3

3of7
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Strength reduction factors
Anchor reinforcement
Anchor rod - ductile steel

Concrete - condition A

CONCLUSION

Overall

Tension

Anchor Pullout Resistance
Side Blowout Resistance
Shear

Strut Bearing Strength

Tie Reinforcement

Tension Shear Interaction

Tension Shear Interaction

Ductility

CACULATION

Anchor Tensile Force

Single bolt tensile force

Sum of bolt tensile force

Anchor Rod Tensile

Resistance

for ver. #8 bar

Actual development lenngth

s
s
Brc

Anchor Rod Tensile Resistance

Anchor Reinft Tensile Breakout Resistance

Anchor Rod Shear Resistance

Anchor Reinft Shear Breakout Resistance

Conc. Pryout Not Govern When hg >= 12d,

Tension

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

¢ ts Nsa
ratio

Min tension development length lg

=0.75
= 0.75
=0.75

Abchor Rod Embedment, Spacing and Edge Distance
Min Rquired Anchor Reinft. Development Length

Non-ductile

=12.42 [Kips]
= 0.00 [kips]
= 0.00 [Kips]
=2nT,

= ¢ s Asefura
=0.29

Anchor Reinft Tensile Breakout Resistance

het- € (21in) - 8 in x tan35

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

Shear

No of bolt for T, nyy
No of bolt for T, ny,

No of bolt for T3 ny3

>

0.65
0.75

0.25

0.89

0.29

0.35

0.31

0.32

0.71

0.51

0.69

0.89

Ductile

24.8

42.2

T

47.4

47.4
12.0

OK
OK

OK
OK
OK
OK
OK
OK
OK
OK

OK

OK

OK

[kips]

[kips]

OK

[in]

fin]
oK

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

12.2.1

ACIl 318-08
D.3.34

ACI 318-08

D.5.1.2 (D-3)

12.2.1,12.2.2,12.2.4

12.2.1
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50f 7
= <0.5her Code Reference
i 8N
©
35°
_ ACI 318-08
Nipr = s X fy xny X Ag X (Ia /g if 15 < ) =710 [Kips] 12.2.5
Seismic design strength reduction = x 1.0 not applicable =71.0 [kips] D.3.3.3
ratio = 0.35 > Ny OK
Anchor Pullout Resistance
Single bolt pullout resistance N, = 8 Apg e’ =581 [kips] D.5.3.4 (D-15)
Nepr =0 tc Non = ¢ ¢ PepNp = 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 >T OK
Wep = 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 Npuw = N1 T =248 [kips] RD.5.4.2
¢ = min(cy,C3) =50 [in]
Check if side blowout applicable hes = 55.0 [in]
> 2.5¢ side bowout is applicable D.5.4.1
Check if edge anchors work as a Sy = 16.0 [in] s=s, = 16.0 [in]
a group or work individually < 6C edge anchors work as a group D.5.4.2
Single anchor SB resistance drc Nsp = ¢y (160c Ay ) A \/i =51.2 [kips] D.5.4.1 (D-17)

Multiple anchors SB resistance & cNspgw =

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

work individually - not applicable = Npy X Ppc Ngp X [1+(C, 0r cg)/ C] 1 4 =0.0 [kips] D.5.4.1
Seismic design strength reduction = x 1.0 not applicable = 78.4 [kips] D.3.3.3
ratio = 0.32 > Npuw OK
B B Nsb r,w .
Group side blowout resistance & Nspg = Pre —2n, = 78.4 [kips]
Tl
Govern Tensile Resistance N = ¢y min (ngNg, N, N Nep, 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 dvsVsa = 0ysNs 0.6 Age fia = 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 =
o4 > 00
& N
Tt Tt @ —-& Tt Tt < 5
/ \
Cs Cs _ b 5
Ee) Sle)
/ \ =
s 6 e [® ») — z
dn
Strut-and-Tie model geometry d, = 2.250 [in] dy, = 2.250 [in]
6 =45 dy = 3.182 [in]
Strut compression force Cs = 0.5V, /sinb =17.7 [kips]
ACI 318-08
Strut Bearing Strength
Strut compressive strength fee = 0.85f =34 [ksi] A.3.2 (A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min(8d,, her) = 10.0 [in] D.6.2.2
Anchor bearing area Abrg = lexd, =125 [in?]
Anchor bearing resistance Cr = Nng X ot X fee X Aprg = 63.8 [kips]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Aprg = (I +1.5 x d; - d/2 -dy/2) x dy = 13.6 [in?]
Ver bar bearing resistance Cr = st X Tee X Apyg = 34.8 [kips]
ratio = 0.51 > Cs 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 N, >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)
T, = ¢t,c 0.9f; e,d,
e, = 4.5 db

Tr = s x f, X Ag
Vi =1.0xnxTr

= x 1.0 not applicable
ratio = 0.69

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

12d, = 15.0 fin]

Vr = min (¢v,svsav Vrb)

Yes
Nu/ o N, +V,/ oV,
ratio = 0.89
s Nsg = 42.2 [Kips]
> ¢y Min (N, Npn, Nepg )
Non-ductile
dys Vsa = 35.1 [Kips]
< Vp
Ductile

hef

A

* 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 Ty,

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

7 of 7
Code Reference
ACI 318-08
[kips] D.5.3.5 (D-16)
[in]
[kips]
[kips]
[kips] D.3.3.3
OK
[in]
OK
[kips]
D.7.1&D.7.2
D.7.3 (D-32)
OK
[kips]
[kips]
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Example 04: Anchor Bolt + Anchor Reinft + Tension Shear & Moment + CSA A23.3-04 Code

323 %5 kN
v My=47.4 kNm

™~

[@N]

f Vu=111.2kN

SRS * -
3 S u 7 - - A
© <

N > * ~

N 5

= S |

T I%l
127 406 127
1 1
660

My =47.4kNm  N,=-44.5 kN (Compression) Vu=111.2 kN
Concrete f'=27.6 MPa Rebar f,=414 MPa
Pedestal size 660mm x 660mm
Anchor bolt F1554 Grade 36 1.25" dia Hex Head her= 1397mm ha =1524mm
Seismic design Ig F5S4(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 Ny, = -44.5 [kN] in compression =-10.0
Factored shear V, =111.2 [kN] =25.0
Factored shear for design Vy = 111.2 [kN] V, =0 if shear key is provided

lof7

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]

..

S2
3
+
S2
3
+
S2

-

..
-

2 BOLT LINE 5 BOLT LINE 4 BOLT LINE
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No of bolt line for resisting moment

=| 2 Bolt Line vl

20f7

Code Reference

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 sp; 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 =| F1554Grade3s  ~|
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 STEO5121
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] 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 c, c, =127 [mm] 127 OK Page A -1 Table 1
Bolt edge distance c, c, =127 [mm] 127 OK
Bolt edge distance c; c; = 127 [mm] 127 OK
Bolt edge distance c, c, = 127 [mm] 127 OK
<=min(0.5C1,0.3C2) <=min(0.5C1,0.3C2)
7S N I E—
S S = S
5 |
K > — [ 3 L3 —K
o © o © ° ° » ©
O N o TN /'—“\ K
o o P o
D — —— | Aclais
C2 Cq 1 S2), C2
b
Ver. Reinft For Tension Hor. Ties For Shear - 4 Legs Hor. Ties For Shear - 2 Legs
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3of 7
E%\ Code Reference
‘ Mu
VU
- d
r |
- <
2 A o e
2 o o <V
<= = cg— ¢H+
o
dm
C+1 ‘ S+ ‘ Cs C1 S+ Cs
de 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.
0.5hgs = 200 [mm]
No of ver. rebar that are effective for resisting anchor tension n, =2
Ver. bar size dy=| 25 =~ single bar area A; = 500 [mmz]
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 = 2 ?
No of tie layer that are effective to resist anchor shear Niay :I 2 vI ?
Hor. bar size dy=| 15 = single bar area A; = 200 [mmz]
For anchor reinft shear breakout strength calc WO% hor. tie bars develop full yield strength ll ?
suggest
Rebar yield strength f, = 414 [MPa] 400 = 60.0 [ksi]
Total no of anchor bolt n=4 S
No of bolt carrying tension n =2 . (:{nbd —K
No of bolt carrying shear ng =2 | i, e
For side-face blowout check use ”bW@ _
No of bolt along width edge Ny = 2 -
Anchor head type :I Hex i‘ ? = 1 SZ 1 =
Ase = 625 [mm?] :
Bearing area of head Awg = 1172 [mm’] Bolt No Input for Side-Face
Aprg [mm?  not applicable Blowout Check Use
Bolt 1/8" (3mm) corrosion allowance =| No L| ? A23.3-04 (R2010)
Provide shear key ? = No =| ?
Seismic region where IgF,S,(0.2)>=0.35 =| No L| ? D.4.3.5
Provide built-up grout pad ? =| Yes=| ? 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 ¢s = 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 Ry = 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 = 0.90 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, =55.2 [kN] No of bolt for Tyny; = 2
T, = 0.0 [kN] No of bolt for Ton, = 0
T3 = 0.0 [kN] No of bolt for T3nz = 0
Sum of bolt tensile force Ny = 2nT; =110.3 [kN]
Anchor Rod Tensile Ne = Age s fua Ris =170.0 [kN] D.6.1.2 (D-3)
Resistance ratio = 0.32 > T, OK

Anchor Reinft Tensile Breakout Resistance
Min tension development length lg = = 887 [mm] 12.2.3
for ver. 25M bar
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Code Reference
Actual development lenngth I, = hes- ¢ (50mm) - 200mm x tan35 = 1207 [mm]  A23.3-04 (R2010)
<05 > 300 OK 1221
i 200
&
B e
35°
—_—

Nior = ¢as Xy X Ny X A X (I / 1 if 1, < 1) 3105 [kN] 1225

3105 [kN] D.4.3.5

Seismic design strength reduction x 1.0 not applicable

ratio = 0.36 > Ny OK
Anchor Pullout Resistance
Single bolt pullout resistance Npr = 8 Aprg dc Te' Ric = 168.2 [kN] D.6.3.4 (D-16)
Nepr = WepNpr =168.2 [kN]  D.6.3.1(D-15)
Seismic design strength reduction = x 1.0 not applicable = 168.2 [kN] D.4.3.5
ratio = 0.33 > T, OK
Wp = 1 for cracked conc D.6.3.6
R =1.00 pullout strength is always Condition B D.5.4(c)
Side Blowout Resistance
Eailure Along Pedestal Width Edge ACI318 M-08

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

along pedestal width edge Npuw = N1 T2 = 110.3 [kN] RD.5.4.2
c =min(cy,C3) = 127 [mm]
Check if side blowout applicable he = 1397 [mm] A23.3-04 (R2010)
> 2.5¢c side bowout is applicable D.6.4.1
Check if edge anchors work as a Sy = 406 [mm] s=s, = 406 [mm]
a group or work individually < 6C edge anchors work as a group D.6.4.2
Single anchor SB resistance Nsorw = 13.3¢\[A,, ¢, /T R, =2271 [kN]  D.6.4.1(D-18)
Multiple anchors SB resistance Nsbgrw =
work as a group - applicable = (1+s/ 6€) X Ngpr.w = 348.1 [kN] D.6.4.2 (D-19)
work individually - not applicable = Npy X Ngprw X [1+(C 0r c4)/ ]/ 4 = 0.0 [kN] D.6.4.1
Seismic design strength reduction = x 1.0 not applicable = 348.1 [kN] D.4.3.5
ratio = 0.32 > Npuw OK
Group side blowout resistance Ngogr = N;b:r'w n, =348.1  [kN]
w
Govern Tensile Resistance N, = min (ng Ng;, Nrpr, 1 Negry Nepgr ) =310.5 [kN]
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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 §5 0.6 fia 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.7.1.3
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
Vuo/2 /2 =
L l E :
(&4 > ce}
- ~N
Tt Tt - Tt Tt < A
/ \
Cs Cs _ A o
o 35
/ \ —
s 0 QO [® »
dn
Strut-and-Tie model geometry d, = 57 [mm] d, =57 [mm]
6 =45 d =81 [mm]
Strut compression force Cs = 0.5V, /sinb = 78.6 [kN]
ACI318 M-08
Strut Bearing Strength
Strut compressive strength fee = 0.85f =235 [MPa] A.3.2 (A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min(8d,, her) = 254 [mm] D.6.2.2
Anchor bearing area Apg = lexd, = 8065 [mm?]
Anchor bearing resistance Cr = Ng X st X fee X Aprg = 283.8 [kN]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Aprg = (I +1.5 x d; - d/2 -dy/2) x dy = 8664 [mm?]
Ver bar bearing resistance Cr = st X Tee X Apyg = 152.4 [kN]
ratio = 0.52 > Cs OK
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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 nyy (layer) =4
Pull out resistance at hook Th = 0.9 ¢ 1. e, dy Ry = 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 Vipr = 1.0XnXxTr = 2484 [kN]
Seismic design strength reduction = x1.0 not applicable = 248.4 [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 hg; > = 12d,, the pryout failure will not govern

12d, = 381 [mm] hes = 1397 [mm]
> 12d, OK CSA S16-09
Anchor Rod on Conc Bearing By = ngXx 1.4 X ¢, X min(8d,, he) X dy X f¢' = 405.1 [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
NU/N; + VIV, =1.08 D.8.4 (D-35)
ratio = 0.90 <12 OK
Ductility Tension Ng = 170.0 [kN]
> min ( Nyr , Nepr, Napgr ) =168.2  [kN]
Non-ductile
Ductility Shear Vg = 153.0 [kN]
< min (Vpy, 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

12in.
2in.
_?_____?______ In
i 4jgo00m Lo
| 11
Lain ] 8in " |
(a)
0.75in. = 12in. x 12 in.
12,000 b base plate with
#5 continuous oversized holes
4000 Ib

perimeter bar —\

1.5 in, non-shrink,
rmir. 3000 psi grout

#4 @ 12 in. slab
edge reinforcement

T T {
Y e
T 1 S Y ) S —— B e o i | T ———— I T -
; R /
12in.
— Hairpins each way ‘!
(see example text)
24in.| e — /,
| T L] T
(®) #5 continuous 1 -#4 @ 12 in. slab
perimeter bar - i’ edge reinforcement
]
| f;ﬂ_T : 'ril-i-M rrec)
s v B N OO E AN
i: \\\ | 'a“"‘“"' E ! ,i_w___ ,_LM
] LY | ] H
E: s\ - g | i E
IQ‘ L ] \. i L] E [ E -
H \3{,,-— Hairpins each way ; E
¥
:/,» {: (see example text) E | i |
: ‘\ E - i
SN ] | |
1 :1} LN L ; ‘1’ (8 _ £
(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

Provide built-up grout pad

Tension - Condition B

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

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

de

Factored tension for design N, = 12.0 [Kips] = 53.4 [kN]
Factored shear V, = 4.0 [Kips] =178 [kN]
Factored shear for design Vu =40 [kips] V. = 0if shear key is provided
Concrete strength fo =3.0 [ksi] = 20.7 [MPa]
Anchor bolt material | F1554Gradess — v|
Anchor tensile strength fua = 75 [ksi] = 517 [MPa]
Anchor is ductile steel element
Anchor bolt diameter d, :I 0.75 =| [in] =191 [mm]
Bolt sleeve diameter ds = 2.0 [in]
Bolt sleeve height hs = 7.0 [in]
min required
Anchor bolt embedment depth he = 12.0 [in] 9.0 OK
Concrete thickness h, = 24.0 [in] 15.0 OK
Bolt edge distance c; ¢, = 4.0 [in] 4.5 Warn
Bolt edge distance c, 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 he = 12.00 [in] 9.0 OK
Outermost bolt line spacing s s; = 8.0 [in] 3.0 OK
Outermost bolt line spacing s; s, = 8.0 [in] 3.0 OK
Aﬁ min(ci, 1 .6hef>6>81@mm<c§,1.5hef)
[
K
B \\\\ //// S An g
E ¥ ] e
3o | :
Ca l St Cs S %
T —
5 Lo ls] o | ¥
f O 1

lof7

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.5.2.3

D.5.2.3

PIP STE05121
Page A -1 Table 1
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Number of bolt at bolt line 1
Number of bolt at bolt line 2
Number of bolt carrying tension
Oversized holes in base plate ?
Number of bolt carrying shear
For side-face blowout check use
No of bolt along width edge

No of bolt along depth edge

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
Assumptions

1. Concrete is cracked

ng =2
n, =2
n =4
ns =4
Npw = 2
Npg = 2
=| Hex g
Ase = 0334 [in}
Aug = 0.654  [in]
Abrg [in] not applicable
No «=| ?
No «=| ?
No = | ?
w Condition B
Yoy = ﬂ Condition A
Yes¥| ?
¢s = 0.75
o5 = 0.75
¢ = 0.70 Cdn-B

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

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

2
2

bys = 0.65

bye = 0.75

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

20f7

Ci ‘Sw‘ C3
dc

c4 ‘sz‘ C2

A
be

Bolt No Input for Side—Face
Blowout Check Use

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)

D.4.4 (c)

D.4.4

D.5.2.4

D.6.2.5

AISC Design Guide 1

section 3.5.3
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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

CALCULATION

Anchor Rod Tensile ]

Resistance

Conc. Tensile Breakout Resistance

Projected conc failure area

Min edge distance
Eccentricity effects
Edge effects

Concrete cracking

Concrete splitting

Tension

ts Nsa

Abchor Rod Embedment, Spacing and Edge Distance

ratio

ratio
ratio
ratio

ratio

ratio
ratio

ratio

ratio

Shear

Non-ductile

b s Nt Ase futa

ratio = 0.16

N, =24 2 f. hi® if h, <11" or h, > 25"

1.5hg
ANC

Anco
ANC
Cin

qJe(:,N
qJed,N

Wen

l‘I"cp,N

16 4 +f. h%? if 11"<h, < 25"

[s1+min(cy,1.5her)+min(cs,1.5heg)]x
[so+min(c,,1.5heg)+min(c,,1.5h)]
9 hef
min (Ane, Nt Anco)
min( ¢y, Cy, C3, C4)
1.0 for no eccentric load
min[ (0.7+0.3cn/1.5h), 1.0]
1.0 for cracked concrete

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
=041 OK
= 0.10 OK
= 0.83 OK
Non-ductile
OK

75.2 [kips]
N, OK

=551 [kips]
18.00  [in]
900.0 [}
1296.0  [in?
900.0  [in?
4.0 [in]
0.77

3of7

D.3.3.4

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.5.2.5
D.5.2.6
D.5.2.7

2011-12-16 Rev 1.0.0
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4 0of 7

Code Reference

ACI 318-08
A
Concrete breakout resistance dtc Neog = @i ﬁ%w Wean Yo Peon Ny = 20.5 [kips] D.5.2.1 (D-5)
Nco
Seismic design strength reduction = x 1.0 not applicable =205 [kips] D.3.3.3
ratio = 0.58 > Ny OK
Anchor Pullout Resistance
Single bolt pullout resistance N, = 8 Apg fe' = 15.7 [kips] D.5.3.4 (D-15)

e Non = e N Wep N, 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 > Ny OK
W.p = 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 = 6.0 [kips] RD.5.4.2
c =min(cy,C3) =4.0 [in]
Check if side blowout applicable he = 12.0 [in]
> 2.5¢ 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 < 6C edge anchors work as a group D.5.4.2
Single anchor SB resistance drc Nsp = ¢y (1600 Ay ) A \/f = 19.8 [kips] D.5.4.1 (D-17)

Multiple anchors SB resistance &tcNsbgw =

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

Npw X Grc Ngp X [1+(C 0r cg)/ c] / 4

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 > Npuw OK

work individually - not applicable

Seismic design strength reduction

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(cyCy) =40 [in]
Check if side blowout applicable he = 12.0 [in]
> 2.5¢ side bowout is applicable D.5.4.1
Check if edge anchors work as a S;; = 8.0 [in] s=s; = 8.0 [in]
a group or work individually < 6C edge anchors work as a group D.5.4.2
Single anchor SB resistance drc Nsp = ¢y (1600 Ay ) A \/f = 19.8 [kips] D.5.4.1 (D-17)

Multiple anchors SB resistance &tcNsbga =

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

Npa X ¢rc Ngp X [1+(Cy 0r c3)/ ]/ 4

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

Seismic design strength reduction

2011-12-16 Rev 1.0.0 Page 41 of 155
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Anchor Rod Shear

Resistance

Group side blowout resistance

Govern Tensile Resistance

¢t,c Nsbg

N;

¢ v,s Vsa

Reduction due to built-up grout pads

ratio

Conc. Shear Breakout Resistance

Vu

-

N
nt , shg,d

bw bd

Nsbg,w

Pre min[

min [¢t,s Nsai ¢l.c (Ncbgv pns

¢ Vv,s nS 0'6 ASE futa

x 0.8, applicable
0.13

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

y

N Nsbg) ]

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

52.9

205

39.1

31.3

[kips]

[kips]

[kips]

[kips]
oK

&)
©
tyﬁ . 3
= s 1 O N O
8 J/ \g/ Vu/2 Mode 3
- / c Vu/4[x Mode 1
- / K | % ¢
o / (5] ~ o~
e // O n H:H (%)
~— o |- 4
; - Vo/4ls Mode 1
Q o~
o lsi] o s v/u//z Mode 3 S
T T —
de ~ C i S l Cs
< T 1
€ de
Bolt edge distance C, = = 4.0 [in]
Limiting c,; when anchors are influenced by 3 or more edges = No
Bolt edge distance - adjusted c; = cal needs NOT to be adjusted =4.0 [in]
c, = =40 [in]
1.5¢, = =6.0 [in]
Ay = [min(c,,1.5¢,) + s, + min(c,,1.5¢,)] x = 108.0 [in%]
min(1.5c4, hy)
Aveo = 4.5¢, =720  [in?
Aye = min (Aye, N; Ayeo) = 108.0 [in%]
le = min(8d,, het) = 6.0 [in]
I 0.2
Vp = Hdej \/I} PN =40 [kips]
Eccentricity effects Y..v = 1.0 shear acts through center of group
Edge effects Weqy = Min[ (0.7+0.3c,/1.5¢,), 1.0 ] = 0.90
Concrete cracking Wev = =1.20
Member thickness W, = max] (sqrt(1.5c, / hy), 1.0] = 1.00

Code Reference
ACI 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

50f 7
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Conc shear breakout

resistance

Mode 1 is used for checking

Vcbgl =

Vcbgl

Mode 2 Failure cone at back anchors

Vu
-
r 1
© /
O /
e} /
— /
B , &
S /
= /
S
Ci lSw i Cs
7T
de

Bolt edge distance

Bolt edge distance - adjusted

Eccentricity effects
Edge effects
Concrete cracking
Member thickness
Conc shear breakout

resistance

Min shear breakout resistance

Seismic design strength reduction

Cap =C1+8S;

Ca1

Co
1.5C,1
Ave

AVco
Ave

Weey
Wedy
Wey
Why

Vcbgz

Vcbg

ratio

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

A C
Poc Aivq’ec.v Wegv Yo ¥ov Vo =49
Vco
Vcbgl x2.0 =98
3 .
0 . Cai
tﬁ N <~
S) AN O
N N
= b
el RN
Sl H:H o
= MR
O / N
S /// O
L Ci i S i Cs
= T T
= de
=12.0
= No
cal needs NOT to be adjusted =12.0
4.0
18.0
[min(c,,1.5¢C,,) + S, + Min(cy,1.5C4)] X = 540.0
min(1.5c,y, hy)
4.5¢,,° = 648.0
min (Ave, N2 Aveo) = 540.0
min( 8d,, he) = 6.0
| 0.2
H;j NCH } Mt ok =209
a
1.0 shear acts through center of group
min[ (0.7+0.3¢,/1.5¢,;), 1.0 ] =0.77
=1.20
max] (sqrt(1.5¢c,; / hy) , 1.0] = 1.00
AVC
boe 7 Yoo Yeav You Yoy Vo =120
AVco
min (Vcbgl ) Vcbgz) =938
x 1.0 not applicable =98
0.41 >

6 of 7

Code Reference
ACI 318-08

[kips] D.6.2.1 (D-22)

[kips]
Code Reference
ACI 318-08

[in]
D.6.2.4

[in] D.6.2.4

in]

[in]

[in%] D.6.2.1

[N  D.6.2.1(D-23)

[Ny D.6.21

[in] D.6.2.2

[Kips] D.6.2.2 (D-24)
D.6.2.5
D.6.2.6
D.6.2.7
D.6.2.8

[kips] D.6.2.1 (D-22)

[kips]

[kips] D.3.3.3

OK

2011-12-16 Rev 1.0.0
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Conc. Pryout Shear Resistance

Kep
Factored shear pryout resistance  ¢,,c Vepg
¢ 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
¢I,S Nsa
Ductility Shear
¢V,S Vsa

=20
= ¢v,c kcp Ncbg =411
= 0.70 pryout strength is always Condition B
= x 1.0 not applicable =41.1
= 0.10 >V,
= min [ ¢v,svsav ¢’v,c (Vcbgv chg ) ] =938
Yes
Ny/d N, +V,/ oV, = 0.99
=0.83 <1.2
=75.2 [kips]
> ¢t,c min (NCbgv an: Nsbg) = 205
Non-ductile
=313 [Kips]
> ¢v,c min (Vcbgr chg) =938
Non-ductile

[kips]

[kips]
oK

[kips]

OK

[kips]

[kips]

7of 7
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)

2011-12-16 Rev 1.0.0
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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

12in.
2in.
_?_____?______ In
i 4jgo00m Lo
| 11
Lain ] 8in " |
(a)
0.75in. = 12in. x 12 in.
12,000 b base plate with
#5 continuous oversized holes
4000 Ib

perimeter bar —\

1.5 in, non-shrink,
rmir. 3000 psi grout

#4 @ 12 in. slab
edge reinforcement

T T {
Iﬁ / .l'l
TN S T N Ey—_— 5= B e o i | T ———— I T -
1 {
12in.
— Hairpins each way ‘!
(see example text)
24 in._ e = /,
| T L] T
(®) #5 continuous 1 -#4 @ 12 in. slab
perimeter bar - i’ edge reinforcement
]
| m_T : 'ril-i-M rrec)
o | fe e [
! L 4 ]
:: \~ | —— F i "'5""’”‘"‘"“'_ ’-E""""'
L | | :
E: s\ - g | i E
e . % e E . E -
H \3{,,-— Hairpins each way ; E
- le text
:/__ ‘{ (see example | E | i .
P : ;
i %o i E 1 E
: 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 ha=610mm Anchor head - Hex

Supplementary reinforcement

Provide built-up grout pad

Tension - Condition B

Seismic is not a consideration

Field welded plate washers to base plate at each anchor

2011-12-16 Rev 1.0.0
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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

Factored tension for design N, =534 [kN] = 12.0 [Kips]
Factored shear w = 17.8 [kN] =40 [Kips]
Factored shear for design V, =178 [KN] V, = 0 if shear key is provided
Concrete strength fo =21 [MPa] =3.0 [ksi]
Anchor bolt material =| F1554Grade55 |
Anchor tensile strength fua = 75 [ksi] = 517 [MPa]
Anchor is ductile steel element
Anchor bolt diameter d, :I 0.75 VI [in] =191 [mm]
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 c; c; = 102 [mm] 114 Warn
Bolt edge distance c, c, = 102 [mm] 114 Warn
Bolt edge distance c3 C3 = 2540 [mm] 114 OK
Bolt edge distance c, Cs = 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 s s; = 203 [mm] 76 OK
Outermost bolt line spacing s, s, = 203 [mm] 76 OK
vy b N ‘ © e
- mm(cfﬂéhef) S | min(cs, 1.5Ner)
= \\\\ //// S An ig/
= A S + 4 f
33 L :
Ci l St l Cs &) %
T —
5 Lo o] o |
T 1 =

lof7

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 n;
Number of bolt at bolt line 2 n,
Number of bolt carrying tension n
Oversized holes in base plate ?
Number of bolt carrying shear ng
For side-face blowout check use
No of bolt along width edge Npw
No of bolt along depth edge Npg
Anchor head type
Ase
Bearing area of head Abrg
Abrg
Bolt 1/8" (3mm) corrosion allowance
Provide shear key ?
Seismic region where IgF,S,(0.2)>=0.35
Supplementary reinforcement
For tension
For shear Yev
Provide built-up grout pad ?
Strength reduction factors
Anchor reinforcement factor bas
Steel anchor resistance factor ds
Concrete resistance factor b
Resistance modification factors
Anchor rod - ductile steel Ris
Concrete Ric

Assumptions

1. Concrete is cracked

2. Condition B for tension - no supplementary reinforcement provided

3. Tensile load acts through center of bolt group Wecn =1.0

20f7

C3

S1
de

C1

C4 ‘82‘ C2

N
be

215 [mm?] Bolt No Input for Side—Face
422 [mm?] Blowout Check Use
[mm?  not applicable
No L| ? Code Reference
No =| 2 A23.3-04 (R2010)
No «=| ? D.4.3.5
No =| Condition B D.5.4 (c)
1.2 =| Condition A ? D.7.2.7
Yes*| ? D.7.1.3
0.75 D.7.2.9
0.85 8.4.3 (a)
0.65 8.4.2
0.80 Rys = 0.75 D.5.4(a)
1.00 Cdn-B Ryc = 1.15 Cdn-A D.5.4(c)
D.5.4 (c)
D.6.2.4
D.7.2.5

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

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 D.4.3.6

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

CALCULATION Code Reference

A23.3-04 (R2010)
Anchor Rod Tensile Ngr = Ny Age ¢ fua Ris = 303.1 [kN] D.6.1.2 (D-3)
Resistance ratio = 0.18 > N, OK

Conc. Tensile Breakout Resistance

Ny, =10 ¢ \F hi® R, if hy <275 or hy > 625 D.6.2.2 (D-7)
3.9 4 . hSR,.if 275 <h,, <625 D.6.2.2 (D-8)
= 160.5 [kN]
Projected conc failure area 1.5hg = = 458 [mm]
Axc = [sitmin(cy,1.5h)+min(cs,1.5he)]x = 5.8E+05 [mm?]
[s2+min(c,,1.5hgf)+min(cy,1.5hg)]
Anco = 9 et = 8.4E+05 [mm? D.6.2.1(D-6)
Ane = Min (Ane, N Anco) = 5.8E+05 [mm? D.6.2.1
Min edge distance Cmin = MIN( Cy, Cy, C3, C4) = 102 [mm]
Eccentricity effects Ween = 1.0 for no eccentric load D.6.2.4
Edge effects Wean = min[ (0.7+0.3Cmin/1.5he), 1.0 ] =0.77 D.6.2.5
Concrete cracking W.n = 1.0 for cracked concrete D.6.2.6
Concrete splitting Wepn = 1.0 for cast-in anchor D.6.2.7
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Concrete breakout resistance Nebgr = :::0 Ween Yean Yen Yoo Ni =855
Seismic design strength reduction = x 1.0 not applicable =855
ratio = 0.62 > N,
Anchor Pullout Resistance
Single bolt pullout resistance Npr = 8 Aprg dc fe' Rie = 46.1
Nepr = e Wep Ny = 184.3
Seismic design strength reduction = x 1.0 not applicable = 184.3
ratio = 0.29 > Ny
W.p = 1 for cracked conc
R =1.00 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 Npuww = Ny X Ny / Ny = 26.7
c =min(cy,C3) =102
Check if side blowout applicable he = 305 [mm]
> 2.5¢ side bowout is applicable
Check if edge anchors work as a Sy, = 203 [mm] s=s, = 203
a group or work individually < 6C edge anchors work as a group
Single anchor SB resistance Neorw = 13.3¢\/Ay, ¢, e Ryo = 83.0
Multiple anchors SB resistance Nsogrw =
work as a group - applicable = (1+s/ 6€) X Ngpr.w = 1105
work individually - not applicable = Npyw X Ngprw X [1+(C2 Or Cg)/ €]/ 4 =0.0
Seismic design strength reduction = x 1.0 not applicable = 1105
ratio = 0.24 > Npyw
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 = 26.7
c =min(cyCy) =102
Check if side blowout applicable hes = 305 [mm]
> 2.5¢ side bowout is applicable
Check if edge anchors work as a S;; = 203 [mm] s=s; = 203
a group or work individually < 6C edge anchors work as a group
Single anchor SB resistance Neprg = 13.3¢\/A,, ¢ ff'c Ry, = 83.0
Multiple anchors SB resistance Nsbgra =
work as a group - applicable = (1+s/ 6€C) X dyc Ngpr.g = 1105
work individually - not applicable = Npg X Ngprg X [1+(Cy Or c3)/ c] / 4 =0.0
Seismic design strength reduction = x 1.0 not applicable = 1105
ratio = 0.24 > Npug

[kN]

(kN]
oK

[kN]

[kN]

[kN]
OK

[kN]

[mm]

[mm]

[kN]

[kN]

[kN]

(kN]
oK

[kN]

[mm]

[mm]

[kN]

[kN]

[kN]

[kN]
oK

Code Reference
A23.3-04 (R2010)
D.6.2.1 (D-5)

D.4.3.5

D.6.3.4 (D-16)
D.6.3.1 (D-15)
D.4.3.5

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.4.3.5

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
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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;

VSI’

ratio

N

shgr ,w shgr,d

.{N
min

min ( Nsrr Nrbrr Ncpn Nsbgr)

n,,
My Npg

nS Ase ¢S 0'6 futa RV.S

x 0.8, applicable
0.13

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

y

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

221.1

855

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

-

=
©
tyﬁ . 3
= s O N [8)
Nl / \g/ Vu/2 Mode 3
= / c VZIN Mode 1
- / 4 | %+
o / [S] ~ o~
e // O n H:H %)
~— o | % 4
; = Vuo/4l.2 Mode 1
Q o~
o sl o 8 v/u//z Mode 3 S
T T —
de L C i S l Cs
= T
€ de
Bolt edge distance C, = = 102 [mm]
Limiting c,; 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(cy1.5¢,) + 5, + Min(Cy,1.5¢)] X = 7.0E+04 [mm?]
min(1.5c4, hy)
Aveo = 4.5¢,° = 4.7E+04 [mm?
Aye = min (Aye, N; Ayeo) = 7.0E+04 [mm?|
le = min(8d,, het) = 152 [mm]
| 0.2
Vi = o.ss[diJ V@ gt oBR,, =135 [kN]
Eccentricity effects Y..v = 1.0 shear acts through center of group
Edge effects Weqy = Min[ (0.7+0.3c,/1.5¢,), 1.0 ] = 0.90
Concrete cracking Wev = =1.20
Member thickness W, = max] (sqrt(1.5c, / hy), 1.0] = 1.00

50f 7
Code Reference
A23.3-04 (R2010)

D.7.1.2 (b) (D-21)

D.7.1.3

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.7.2.2 (D-25)

D.7.2.5
D.7.2.6
D.7.2.7
D.7.2.8
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Conc shear breakout
resistance
Mode 1 is used for checking

Vcbgrl

Mode 2 Failure cone at back anchors

Vu
B B
r 1
© /
O /
e} /
— /
B , &
S /
= /
&
Ci lSw i Cs
7T
de

Bolt edge distance

Bolt edge distance - adjusted Ca1

Co

1.5C,1

Ave

AVco

Ave

le

Vbr

Eccentricity effects Wee

Edge effects Wedv

Concrete cracking Wev

Member thickness Why

Conc shear breakout

resistance Vebgrz

Min shear breakout resistance Vebgr
Seismic design strength reduction

ratio

Vcbgrl =

Cap =C1t$S;

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

A C
. Weew Yeayv You Phv Vi =219 [kN]
Vco
Vengt x 2.0 = 438 [KN]
3 N
ok . Cal
tﬁ N <~
© AN (@]
— N
< b
el N
S H:H o
= MRV,
(@] 7/ o~
S /// @]
s Ci i S1 i Cs
= T T
£ de
= 305 [mm]
= No
cal needs NOT to be adjusted = 305 [mm]
102 [mm]
458 [mm]

[min(c,,1.5C41) + S, + Min(C4,1.5C44)] X
min(1.5c,y, hy)
4.5¢,,°

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

0.2
o5 1| A i iR,

1.0 shear acts through center of group
min[ (0.7+0.3c,/1.5¢,,), 1.0]

max[ (sart(1.5c,, / hy), 1.0]

AV(:

\Pec.v \Ijed,\/ ch.V \Pn‘v Vbr

Veo

min (Vcbgrl ’ Vcbgr2 )

x 1.0 not applicable
0.41

3.5E+05 [mm?

4.2E+05 [mm?
3.5E+05 [mm?
152 [mm]
70.0 [kN]
0.77

1.20

1.00

53.7 [kN]
43.8 [kN]
43.8 [kN]
V, OK

6 of 7
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.7.2.5
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 = Kep Neogr =171.0 [kN] D.7.3 (D-32)
Ry = 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 ¢, X Min(8d,, hef) X da 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
NN, + VIV, = 1.03 D.8.4 (D-35)
ratio = 0.86 <12 OK

Ductility Tension
Ng, = 303.1  [kN]
> min (Ncbgrr Ncpn Nsbgr) =855 [kN]

Non-ductile

Ductility Shear
Vg = 1364  [kN]
> min (Vcbgr: chgrv 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

J v My=25KIP-FT
127" - Vu=10Q|KIPS
7 f % V|
. o e
R -
S #%# :®
S <
N . T E
:@ g B
6" 16"
My = 25 kip-ft Ny= 10 kips (Compression) V, =10 kips
Concrete fo'=5ksi
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 V, = 10.0 [kips] V. = 0if shear key is provided

[kNm]
[kN]
[kN]

lof7

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

S o e e e

S2
.
+
S2
-
+
S2
.

..

..

2 BOLT LINE S BOLT LINE
No of bolt line for resisting moment :I 3 Bolt Line ll

No of bolt along outermost bolt line =[3

4 BOLT LINE

2011-12-16 Rev 1.0.0

Page 54 of 155




CivilBay

www.civilbay.com

Design of Anchorage to Concrete Using ACI 318-08 & CSA-A23.3-04 Code

Dongxiao Wu P. Eng.

Outermost bolt line spacing s
Outermost bolt line spacing s;

Internal bolt line spacing sp;

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 c,
Bolt edge distance c;

Bolt edge distance c,

Adjusted hg for design

S1
S2

Sh1

Sh2

fula

Ca

Pes

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

Net
/
\

ho

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]
=50 [ksi] =345
=| F1554Grade3s |
= 58 [ksi] = 400
Anchor is ductile steel element
=| 125 = [in] = 31.8
=30 [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(cy,1.5ne)) min(cs +s4,1.5her)
T E
S 3
=
~— /{r ‘e S
I o
A ] g
3 G &
Ay S“
C1 l S l Cs \zf
T T =
S
de

[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

n, =
n, =3
n =5
n=2=8
ng =
=| Heavy Hex j
Ase = 0.969  [in]
Apg = 2237 [in]
Aprg [in] not applicable
Mo =] -
No »| 2
No «=| ?
Yes = | Condition A
Wev =Tl“ Condition A
[Veiv] 2
¢0s = 0.75
ds = 0.75

dre = 0.75 Cdn-A

Tension

Abchor Rod Embedment, Spacing and Edge Distance

Ductile

¢V‘S

ratio

ratio
ratio
ratio

ratio

ratio

ratio

ratio

ratio

Shear

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

Cdn-A D.4.4(c)

?
= 0.65
= 0.75

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

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 T, = 4.86 [kips] No of bolt for T ny; = 3
T, =215 [Kips] No of bolt for Tonp, = 2
T3 = 0.00 [Kips] No of bolt for T3nrz = 0
Sum of bolt tensile force Ny =2nT; = 18.9
Tensile bolts outer distance sy, S = 8.0 [in]
Eccentricity e'y -- distance between resultant of tensile load and centroid of anchors
loaded in tension e’y = 1.38 [in]
- - 1
Eccentricity modification factor Ween = 77—~ = 0.95
2ey
1+
=
Anchor Rod Tensile s Nsa = ¢ s Acefua =422
Resistance ratio = 0.12 >T,
Conc. Tensile Breakout Resistance
Ny = 24 2\t hiS if h, <11 or h, >25" = 114.9
16 A +f. hy® if 11"<h, < 25"
Projected conc failure area 1.5hg = = 24.00
Ane = [Sptmin(cy,1.5hg)+min(cs,1.5hg)]x = 1748.0
[so+min(c,,1.5hgg)+min(cy,1.5hg)]
Anco = 9 hef = 2304.0
Ane = Min (Anes Ny Anco) = 1748.0
Min edge distance Cmin = MIN( Cy, Cp, Cg, C4 ) =6.0
Eccentricity effects Ween = = 0.95
Edge effects Wean = min[ (0.7+0.3Cyin/1.5he), 1.0 ] =0.78
Concrete cracking Wcn = 1.0 for cracked concrete
Concrete splitting Wepn = 1.0 for cast-in anchor
. Ape
Concrete breakout resistance dic Neog = B Ween Pean Pon Poon Ny = 47.9
Nco
Seismic design strength reduction = x 1.0 not applicable =479
ratio = 0.39 > N,
Anchor Pullout Resistance
Single bolt pullout resistance N, = 8 Apg e = 89.5
¢ t,c an =¢ t,c l’Uc,p Np = 62.6
Seismic design strength reduction = x 1.0 not applicable = 62.6
ratio = 0.08 > T

W, = 1 for cracked conc
¢ = 0.70

pullout strength is always Condition B

[kips]

[kips]
oK

[kips]

[in]

[in?]

fin?]
[in?]

[in]

[kips]

[kips]
OK

[kips]
[Kips]
[kips]

OK

4 0of 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)
D.5.2.5
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

Anchor Rod Shear dvs Vsa
Resistance
Reduction due to built-up grout pads

ratio

Conc. Shear Breakout Resistance

Vu

-

min(ha,1.5¢ 1)

C3

along pedestal width edge Npuw
c
Check if side blowout applicable e
Check if edge anchors work as a S
a group or work individually
Single anchor SB resistance Orc Nsp
Multiple anchors SB resistance & cNsbgw =
work as a group - applicable
work individually - not applicable
Seismic design strength reduction
ratio
Group side blowout resistance Ot Nsbg
Govern Tensile Resistance N,

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

Ntq Tl = 14.6

min (cy, C3) = 6.0

16.0 [in]

2.5¢c side bowout is applicable

8.0 [in] s=s, = 16.0

6C edge anchors work as a group

i (160c Ab,g)/l N =76.1

(1+s/ 6C) X ¢y ¢ Ngp = 110.0

Npw X Grc Ngp X [1+(C, Or cg)/ €]/ 4 =0.0

x 1.0 not applicable = 110.0

0.13 > Npuw
N

e —2n, = 183.3

nTl

min [¢’Ls N Nsax ¢t,c (NCbgv N anv Nsbg)] = 479

¢ vsNs 0.6 Age fiia = 87.7

x 0.8, applicable =70.1

0.14 >V,

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

@)
0
?ﬁf .
&) AN S
E Vu/2 Mode 3
e VU/44 . Mode 1
S| 8 —] 3
| ¢
= Vu/4l2 Mode 1
8 V2 Mode 3 S
i /
L C1 lSwl Cs
< T T
= de

[kips]

[in]

[in]

[kips]

[kips]

[kips]

[kips]
OK

[kips]

[kips]

[kips]

[kips]
oK

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

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

50f 7
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6 of 7
Code Reference
Bolt edge distance Ca1 = = 6.0 [in] ACI 318-08
Limiting c,; 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 = 6.0 [in] D.6.2.4
Cy = = 6.0 [in]
1.5c, = =9.0 [in]
Ay = [Min(c,,1.5C4;) + S, + Min(cy,1.5¢,)] X = 279.0 [in%] D.6.2.1
min(1.5c4,, hy)
Aveo = 4.5C,° =1620 [in} D.6.2.1 (D-23)
Ave = min (Ave, N1 Aveo) =2790 [inj D621
le = min(8d,, het) = 10.0 [in] D.6.2.2
0.2
V, = Héj \/{} PN =123  [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¢c,/1.5¢,), 1.0] = 0.90 D.6.2.6
Concrete cracking Wev = =1.20 D.6.2.7
Member thickness Wy = max[ (sqrt(1.5¢; / h,) , 1.0] = 1.00 D.6.2.8
Conc shear breakout
resistance Vepgt = Py :VV; Weev Yeav Yev Yov Vo =17.2 [kips] D.6.2.1 (D-22)
Fig. RD.6.2.1 (b)
Mode 3 is used for checking Vebgr = Vebgr x 1.0 =17.2 [kips] note
Mode 2 Failure cone at back anchors
Vu
-
g \\\ Cat
: J B 3
3 / = N
i / SN + v Vy/2
\Li / s = $s% Hﬁ”* .
& / = VY2
/ o
c C % St # C3 Li% // N
de \S/ Ci l Si l Cs
= 7
€ de
ACI 318-08
Bolt edge distance Ca1 = =220 [in]
Limiting c,; 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 =220 [in] D.6.2.4
C, = 6.0 [in]
1.5¢c, = 33.0 [in]
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Ave
AVCO
Ave
le
Vy
Eccentricity effects Weew
Edge effects Wedy
Concrete cracking Wev
Member thickness Why
Conc shear breakout
resistance Vebg2
Min shear breakout resistance Vebg
Seismic design strength reduction
ratio
Conc. Pryout Shear Resistance
Kep
Factored shear pryout resistance  ¢y,c Vepg
bve
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
¢l,5 Nsa
Ductility Shear
¢v,s Vsa

>

[min(c,,1.5C41) + S, + Min(C4,1.5C44)] X
min(1.5c,q, hy)

4.5¢,,°

min (Ave, Nz Aveo)

min(8d,, het)

H;jﬂ i e

1.0 shear acts through center of group
min[ (0.7+0.3c,/1.5¢,,), 1.0]

max][ (sqrt(1.5¢c,; / h,) , 1.0]

A
¢v‘c Ailyec,v Lpsd,v LPC‘V lFhv Vb

Vco

min (Vcbgl ’ Vcbgz )

x 1.0 not applicable
0.58

2.0

= ¢v,c kcp Ncbg

0.70
x 1.0 not applicable
0.11

min [ ¢v,svsav ¢’v,c (Vcbgv chg ) ]

Yes

Ny/ ¢ N+ Vy/ ¢V,

0.81

42.2 [Kips]

¢l,c min (Ncbgv an, Nsbg)
Ductile

70.1 [kips]

¢v,c min (Vcng chg )
Non-ductile

N

1100.0

2178.0

1100.0

10.0

86.6

0.75

1.20

1.28

38.1

17.2

17.2

89.5

pryout strength is always Condition B

89.5
Vu

17.2

0.98
1.2

47.9

17.2

[in]
[in?]
[in]

[in]

[kips]

[kips]

[kips]

[kips]
oK

[kips]

[kips]
OK

[kips]

OK

[kips]

[kips]

7of 7
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.3.3.3

D.7.1&D.7.2
D.7.3 (D-32)
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Example 14: Anchor Bolt + No Anchor Reinft + Tension Shear & Moment + CSA A23.3-04 Code

/Nu_\i&%l

Mu=33.9 KNm
4
193 <[ Vu=445KN
Wel| oo
o~ + e e
© [ <
+ -+ ©
< ol < L
| e e e 3 g o
o Y Y
152 406
My =33.9 KNm  N,=44.5 kN (Compression) Vy=44.5kN
Concrete fo'=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 I F4S4(0.2) < 0.35
Supplementary reinforcement Tension - Condition A
Shear = Condition A Yev =1.2

Provide built-up grout pad

2011-12-16 Rev 1.0.0 Page 61 of 155



CivilBay

www.civilbay.com

Design of Anchorage to Concrete Using ACI 318-08 & CSA-A23.3-04 Code

Dongxiao Wu P. Eng.

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 for tension - supplementary reinforcement provided

3. Shear load acts through center of bolt group .y =1.0

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

lof7

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

PIP STE05121

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

D.7.2.5

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

Anchor Bolt Data

* e+

S2
.
+
S2

2 BOLT LINE S BOLT LINE
No of bolt line for resisting moment :I 3 Bolt Line ll

No of bolt along outermost bolt line =[3

section 3.5.3

Factored moment M, = 33.9 [kNm] =25.0 [kip-ft]
Factored tension /compression Ny, = -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

v e o0

4 BOLT LINE

2011-12-16 Rev 1.0.0
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Outermost bolt line spacing s
Outermost bolt line spacing s;
Internal bolt line spacing sp;
Internal bolt line spacing sp»
Column depth

Concrete strength

Anchor bolt material

Anchor tensile strength

min required
S, = 406 [mm] 127 OK
S, = 406 [mm] 127 OK
Spy = 203 [mm] 127 OK
Sp2 =0 [mm] 127 OK
d = 323 [mm]
fo =35 [MPa] =5.0

=| F1554Grade3s  ~|
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, ¢, = 152 [mm] 127 OK

Bolt edge distance c, c, = 152 [mm] 127 OK

Bolt edge distance c; Cc; = 2540 [mm] 127 OK

Bolt edge distance c, c, = 2540 [mm] 127 OK

¢; > 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

Nu
/%E«MU min(e;, 1.5her) min(cs+sy,1.5her)

. j

Y P9 H

< v o /{T > f

o) (/;H / (%)

C1 # S1 # Cs S Om ‘ /g

de Ci1 # S # Cs \S/

de 1S

[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 n =3

Number of bolt at bolt line 2 n, =3

Total no of anchor bolt n=38

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 j ?
Ase = 625 [mm?]

Bearing area of head Apg = 1443 [mm?]
Aprg [mm?  not applicable

Bolt 1/8" (3mm) corrosion allowance = ?

-~

Provide shear key ? =
Seismic region where IgF,S,(0.2)>=0.35 =
Supplementary reinforcement

For tension =| Yes=| Condition A

For shear Y.v =| 1.2 *| Condition A ?

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

{5l 2

Strength reduction factors

Anchor reinforcement factor b0as = 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 Rys =
Concrete Ric = 1.15 Cdn-A Ryc =
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 =
Anchor Rod on Conc Bearing ratio =

Tension Shear Interaction
Tension Shear Interaction ratio =
Ductility

Tension Ductile Shear
Seismic Design Requirement
leFaSa(0.2)<0.35, A23.3-04 D.4.3.3 ductility requirement is NOT required

0.75
1.15

0.81

0.13
0.39
0.08
0.13

0.15
0.58
0.12
0.04

0.81

Non-ductile

Cdn-A D.5.4(c)

OK
OK

OK
OK
OK
OK

OK

OK

OK

OK

OK

OK

3of7

Code Reference

A23.3-04 (R2010)
D.4.3.5

D.5.4 (c)

D.7.2.7
D.7.1.3

D.7.2.9
8.4.3 (a)
8.4.2

D.5.4(a)

A23.3-04 (R2010)

D.4.3.6
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CALCULATION

Anchor Tensile Force

Single bolt tensile force T, = 21.6 [kN] No of bolt for Ty ny; =
T, = 9.6 [kN] No of bolt for T, ny, =
T3 = 0.0 [kN] No of bolt for T3nyz =

Sum of bolt tensile force Ny =2nT, =

Tensile bolts outer distance sy, Sip = 203 [mm]

3
2
0
83.9

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

loaded in tension ey = 35 [mm]
Eccentricity modification factor Ween = # = 0.95
e
3hg

Anchor Rod Tensile Ng = Age s futa Ris = 170.0
Resistance ratio = 0.13 >T
Conc. Tensile Breakout Resistance

Ny =10 ¢, . hifR,, if h, <275 or h, > 625

3.9 ¢, \/f7 hy* R, if 275 <h, <625
= 382.8

Projected conc failure area 1.5hg = = 609

Ane = [Siprmin(cy,1.5hep)+min(cs,1.5hg)]x = 1.1E+06

[sotmin(c,,1.5he)+min(c,,1.5hg)]

Anco = 9 hef’ = 1.5E+06

Ane = Min (Aner Nt Anco) = 1.1E+06
Min edge distance Cmin = MIN( Cy, Cp, C3, C4 ) =152
Eccentricity effects Ween = = 0.95
Edge effects Wean = min[ (0.7+0.3Cyin/1.5he), 1.0 ] =0.78
Concrete cracking Wcn = 1.0 for cracked concrete
Concrete splitting Wepn = 1.0 for cast-in anchor
Concrete breakout resistance Nepgr = Ane Ween Pean Yon Yoo Ni =213.0

Nco

Seismic design strength reduction = x 1.0 not applicable = 213.0

ratio = 0.39 > N,
Anchor Pullout Resistance
Single bolt pullout resistance Npr = 8 Aprg dc fe' Ric = 261.2

Nepr = ¥ Ny = 261.2
Seismic design strength reduction = x 1.0 not applicable = 261.2

ratio = 0.08 > Ty

Wp = 1 for cracked conc

R¢. = 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 0of 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.6.2.5
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.4.3.5

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

-

Nbuw
C
hef

S22

Nsbr,w

Nsbgr,w

ratio

Nsbgr

ratio

N1 Ty

min (cy, C3)
406 [mm]
2.5c

203 [mm]
6c

13.3¢,/A,, ¢ F. Re =

(1+s/ 6€) X Ngpr.w

Npw X Nsbr,w X [1+(02 or C4)/ C] /4

x 1.0 not applicable

0.13

min ( Ny Nsn Nrbn Nt Ncpr‘ Nsbgr)

x 0.8, applicable

0.15

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

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

= 64.8
= 152

side bowout is applicable
S=s, = 406

edge anchors work as a group

339.6

490.3
0.0
490.3

> Nbuw

= 817.2

= 213.0

Note: Anchor bolt sleeve portion must be tape wrapped and grouted to resist shear
Ve = Ng Age 05 0.6 fiiy Rys

= 3825

= 306.0
>V,

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

©

tyﬁ .

O AN S

E ViR Mode 3

e VU/44 - Mode 1

8 —] &
-+ 4

T |Vwale Mode 1

S V2 Mode 3 S

— 7

> Ci lSW\L Cs

< O

e de

50f 7

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.7.1.3
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Bolt edge distance

Bolt edge distance - adjusted

Eccentricity effects
Edge effects
Concrete cracking

Member thickness

Conc shear breakout

resistance

Mode 3 is used for checking

Vu

C1

Co
1.5¢,
AVc

LI"ec,v
LI"(—:d,v
l"’Jc,v

Vcbgrl

Vcbgrl

Mode 2 Failure cone at back anchors

mw’m(haﬂ .5Ca1

C3

Bolt edge distance

Bolt edge distance - adjusted

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

Cai =C1+5;

Ca1

C2

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

= 152
= No
c; = cal needs NOT to be adjusted = 152
= 152
= 229
[min(c,,1.5¢,) + s, + min(c,,1.5¢,)] X = 1.8E+05
min(1.5c4, hy)
4.5¢, = 1.0E+05
min (Aye, Ny Aveo) = 1.8E+05
min( 8d, , her) = 254
I 0.2
o.SS(dij NERR = 411
1.0 shear acts through center of group
min[ (0.7+0.3c,/1.5¢,), 1.0] = 0.90
=1.20
max[ (sart(1.5¢, / h,), 1.0] = 1.00
Ave w w9 g v = 76.4
ec,V ed,V c,V h,v br - .
Vco
Vebg x 1.0 =76.4
3 N
0 M\ Cat
- < .
) AN S
- N
= b
Ey | [4 Nalw?
S —] &
CSH M /*‘ Vy/2
- /
= ci lsi] o
< T T
€ de
= 558
= No
cal needs NOT to be adjusted = 558
152
838

1.5¢c,,

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

[mm]

[kN]

[kN]

[kN]

[mm]

[mm]
[mm]

[mm]

Code Reference
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.7.2.5

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.7.2.4

6 of 7
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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

Aye = [min(c,,1.5¢,3) + S, + min(c,,1.5¢,,)] X

Vbr

q"ec.v
q"'ed,v
ey

Vcbgrz =

Vcbgr

ratio

VCpgl’
RV.C

ratio

ratio

min(1.5¢c4,, hy)

= 4.5c,°

= min (Ave, N2 Ayeo)

Non-ductile

7.1E+05 [mm?

1.4E+06 [mm?]
7.1E+05 [mm?

min( 8d, , her) = 254 [mm]
| 0.2
o.ss[dij Jd, ¢\/f7 cIR,, = 2882  [kN]
1.0 shear acts through center of group
min[ (0.7+0.3c,/1.5¢c,;), 1.0] =0.75
=120
max[ (sqrt(1.5¢c4; / hy) , 1.0] =128
AVc
A llJec,v Weav "Pc,v \Ph‘v Vir = 169.4 [kN]
Vco
min (Vcbgrl ' Vcbgr2 ) =76.4 [kN]
x 1.0 not applicable =76.4 [kN]
0.58 >V, OK
2.0
= kcp Ncbgr = 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,, her) x d, x f¢' =1021.5 [kN]
0.04 >V, OK
min ( Ve, Vcbgrv chgrv Br) =764 [kN]
Yes
Nu/N; + V/V, = 0.98
0.81 <12 OK
= 170.0 [kN]
min (Ncbgrr Ncprv Nsbgr) = 213.0 [kN]
Ductile
306.0 [kN]
min (Vcbgrr chgn Br) =76.4 [kN]

7of 7
Code Reference
A23.3-04 (R2010)
D.7.21
D.7.2.1 (D-24)
D.7.2.1
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)

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 uTZO KIPS
\
- - Vu=29KIPS
Lo
K + + : z
14 | | H
- o
e - E
L0
5" 6 5"
\ . \
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 het = 55” ha =60”
Seismic design category >=C
Anchor reinforcement Tension - 8-No 8 ver. bar

Shear 2> 2-layer, 4-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 hey is required for anchor reinforcement to develop resistance on both sides of the

failure plane.

2011-12-16 Rev 1.0.0
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STUD ANCHOR DESIGN

Anchor bolt design based on

Assumptions

1. Concrete is cracked

[&)]

Input Data

Factored tension

Factored shear

Concrete strength
Stud material

Stud tensile strength

Stud diameter
Stud shank area

Stud head bearing area

Stud embedment depth
Pedestal height
Pedestal width
Pedestal depth

ﬁ@i‘

Combined Tension and Shear

Ver. Reinft For Tension

- 9 . 0\
d AX \\ S
/ L e \| — 2K
[ [ o S
\ | w ©
L L] —k
N s —
~ e (&)
C4 LSz‘ C2
N
be

f'e

futa

2. Condition A - supplementary reinforcement is provided

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

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

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

set N, = 0 if it's compression

20.0 [Kips]
25.0 [Kips]
4.0 [ksi]

| AwsD1.1 Grade B

65 [ksi]

Stud is ductile steel element

I 1 ™| [in]

0.79 [in%]
1.29 [in?]
min required
55.0 [in] 12.0
60.0 [in] 58.0
16.0 [in]
16.0 [in]
<=min(0.5C1,0.3C2)
S A 9 .
>3 o
SHEIS i ° I —
w =]
e LN o] T
35° o
) S < A~
C4 [S2| C2
b

Hor. Ties For Shear - 4 Legs

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

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

1of6
Code Abbreviation
PIP STE05121
Code Reference

ACI 318-08

D.4.4 (c)
D.4.4

D.5.2.9&D.6.2.9

89.0 [kN]
111.2 [kN]
27.6 [MPa]
448 [MPa] ACI 318-08
D.1
25.4 [mm]
507 [mm?]
831 [mm?]
PIP STE05121
OK Page A -1 Table 1
OK

<=min(0.5C1,0.3C2)

PN

C4 ‘Sz C2

C1 ‘81‘ Cs3
de

Hor. Ties For Shear - 2 Legs
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min required 20f6
Stud edge distance ¢, ¢, =50 [in] 4.5 OK Code Reference
Stud edge distance c, c, = 5.0 [in] 45 OK PIP STE05121
Stud edge distance c; c3 = 5.0 [in] 4.5 OK Page A -1 Table 1
Stud edge distance c, ¢, = 5.0 [in] 4.5 OK
Outermost stud line spacing sy s; = 6.0 [in] 4.0 OK Page A -1 Table 1
Outermost stud 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 0.5hg from the outmost stud's centerline. In this design 0.5hg 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 Yl: 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(0.5c4, 0.3¢c,) = 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 :I 2 "I ?
Hor. tie bar size No. I 4 vl: 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]
Total no of welded stud n =4
Number of stud carrying tension n =4 S
. Ra Nbd
Number of stud carrying shear ng = ° o —X
D o o

For side-face blowout check use

No of stud along width edge Npy = 2 ”
No of stud along depth edge Ny = 2 s ‘ < ‘ -
I be I
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 ? = No =| 7 D.6.1.3
Strength reduction factors
Anchor reinforcement ds = 0.75 D.5.2.9&D.6.2.9
Anchor rod - ductile steel ¢s = 0.75 ¢,s = 0.65 D.4.4(a)
Concrete - condition A drc = 0.75 ¢y = 0.75 D.4.4(c)
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CONCLUSION

Overall
Tension

Stud Tensile Resistance

Stud Pullout Resistance
Side Blowout Resistance
Shear

Stud Shear Resistance

Strut Bearing Strength

Tie Reinforcement
Tension Shear Interaction

Tension Shear Interaction

Ductility

CACULATION

Stud Tensile Resistance

for ver. #8 bar

Actual development lenngth

Abchor Rod Embedment, Spacing and Edge Distance
Min Rquired Anchor Reinft. Development Length

Anchor Reinft Tensile Breakout Resistance

Anchor Reinft Shear Breakout Resistance

Conc. Pryout Not Govern When hy >= 12d,

Tension  Non-ductile

Seismic Design Requirement

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

Shear

30of6
Code Reference
OK ACI 318-08

=0.25 OK 1221
=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 ACI 318-08
NG D.3.34

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

$tsNsa = ¢ s NiAsefuta
ratio = 0.13

Anchor Reinft Tensile Breakout Resistance

Min tension development length ly =

|, = hes- € (2in) - 8in x tan35

= <0.5hef
h 8in
©
2 o
35°
_

Seismic design strength reduction

N = ds Xy xny X Ag X (Ia /g, if 15 < lg)

x 0.75 applicable
ratio = 0.09

153.2

47.4

47.4
12.0

284.2
213.1

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

OK

[in] 12.2.1,12.2.2,12.2.4

[in]

OK 1221
ACI 318-08
[kips] 12.2.5
[kips] D.3.3.3
OK
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Stud Pullout Resistance

Single bolt pullout resistance N, = 8 Apgfe =412
Nepr =0 (e Non = & e Nt PepNp = 1155
Seismic design strength reduction = x0.75 applicable = 86.6
ratio = 0.23 > N,
Wep = 1 for cracked conc
¢ = 0.70 pullout strength is always Condition B
Side Blowout Resistance
Eailure Along Pedestal Width Edge
Tensile load carried by anchors close to edge which may cause side-face blowout
along pedestal width edge Nbuw = Ny X Ny / Ny = 10.0
c = min(cy C3) =50
Check if side blowout applicable het = 55.0 [in]
> 2.5¢ side bowout is applicable
Check if edge anchors work as a Sy, = 6.0 [in] sS=s, = 6.0
a group or work individually < 6C edge anchors work as a group
Single anchor SB resistance dre Nop = 4y, (1600 Ay ) YN =431
Multiple anchors SB resistance &tcNsbgw =
work as a group - applicable = (1+s/ 6C) X g ¢ Ngp = 51.7
work individually - not applicable = Npy X Orc Nep X [1+(C 0rC)/ ] 1 4 =0.0
Seismic design strength reduction = x0.75 applicable = 38.8
ratio = 0.26 > Npuw
Eailure 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
c = min(cyCyq) =50
Check if side blowout applicable het = 55.0 [in]
> 2.5¢ side bowout is applicable
Check if edge anchors work as a S;; = 6.0 [in] sS=s; = 6.0
a group or work individually < 6C edge anchors work as a group
Single anchor SB resistance dre Nop = 4, (1600 Ay ) 24Jf =431
Multiple anchors SB resistance dtcNsbga =
work as a group - applicable = (1+s/ 6C) X dy ¢ Ngp = 51.7
work individually - not applicable = Npg X ¢rc Ngp X [1+(cy0rc3)/ ]/ 4 =0.0
Seismic design strength reduction = x0.75 applicable = 38.8
ratio = 0.26 > Npug
Group side blowout resistance Orc Nsbg = &yc min[ NSbJnt , Mnt J =775
bw bd
Govern Tensile Resistance N; = ¢t min (Ng, N, Nep, Nepg ) =775

[kips]
[kips]
[Kips]

OK

[kips]

[in]

[in]

[kips]

[kips]

[kips]

[kips]
oK

[kips]

[in]

[in]

[kips]

[kips]

[kips]

[kips]
oK

[kips]

[kips]

40f6
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.3.3.3
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50f6
Code Reference
ACI 318-08
Stud Shear Resistance dvs Vsa = 0 ys N Agefita = 132.7 [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
dt
Vu/2 /2 <
L i 3 :
o > ce}
- [@N]
Tt Tt - Tt Tt < it
/ \
Cs Cs _ A o
o 35
/ \ I —
@ 0 @) Q, )
dn
Strut-and-Tie model geometry d, = 2.250 [in] dy, = 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 = 0.85f =34 [ksi] A.3.2 (A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min(8d,, her) = 8.0 [in] D.6.2.2
Anchor bearing area Aprg = lexd, =8.0 [in?]
Anchor bearing resistance Cr = Nng X st X fee X Aprg = 81.6 [kips]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Aprg = (I +1.5 x d; - d/2 -dy/2) x dy =118 [in?]
Ver bar bearing resistance Cr = st X Tee X Apyg = 30.0 [kips]
ratio = 0.59 > Cs 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
Check if N, >0.2¢ N, and V,>0.2¢ V,

Ductility Tension

Ductility Shear

Th

€n

ratio

12d,

ratio

¢'[,S Nsa

¢l,$ Nsa

\%

>

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

Nieg (I8) X Ny (layer)

¢t,c 0.9 fc' eh da

45d,

ds X fy X Ag

1.0xnxTr

x 0.75 applicable

0.46

12.0

min ( ¢v,svsav Vrb)

[in]

Yes

NN, + V /V,
0.60

153.2 [kips]

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

min [ Ny, , ¢tc ( Non, Nspg )

132.7
Vrb

[kips]

Non-ductile

Non-ductile

N

* 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 Ty,

3.0
2.250

9.0

72.0
54.0

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

55.0
12d,

54.0

0.72
1.2

77.5

54.0

6 of 6

Code Reference

ACI 318-08
[kips] D.5.3.5 (D-16)
[in]

[kips]

[kips]

[kips] D.3.3.3
OK

[in]

OK
[kips]

D.7.1&D.7.2

D.7.3 (D-32)
OK
[kips]
[kips]
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Example 22: Welded Stud + Anchor Reinft + Tension & Shear + CSA A23.3-04 Code

Ny T89 kN

\
Vi=11[1.2kN
~ -
N
KO # # 4 |
S| © % 15
% —
> + -+ 0
™~
[N
127 152 127
1 1
406
Ny= 89 kN ( Tension ) V,=111.2 kN
Concrete f'=27.6 MPa Rebar f,= 414 MPa
Pedestal size 406mm x 406mm
Anchor stud AWS D1.1 Grade B 1.0" dia hef= 1397mm ha =1524mm
Seismic design g FS4(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 het 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

Factored tension

Factored shear

Concrete strength
Stud material

Stud tensile strength

Stud diameter
Stud shank area

Stud head bearing area

Anchor bolt embedment depth
Pedestal height

Pedestal width

Pedestal depth

ﬁ@i‘

Combined Tension and Shear

Ver. Reinft For Tension

- 9 . 0\
d AX \\ S
/ L e \| — 2K
[ [ o S
\ | w ©
L L] —k
N s —
~ e (&)
C4 LSz‘ C2
N
be

f'e

futa

2. Condition A - supplementary reinforcement is provided

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

set N, = 0 if it's compression
[kN]
[kN]

89.0
111.2

=28

[MPa]

=65

| AWS D1.1 Grade B

[ksi]

Stud is ductile steel element

=| 1 | [in]

= 0.79 [in%]
=1.29 [in?]
min required
= 1397 [mm] 305
= 1524 [mm] 1473
= 406 [mm]
= 406 [mm]
<=min(0.5C1,0.3C2)
S A 9 .
>3 o
R e i . I —
w =]
e LN ol
35° o
) S < A~
C4 [S2| C2
b

Hor. Ties For Shear - 4 Legs

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

1of6

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]
=4.0 [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
I
b.
Hor. Ties For Shear - 2 Legs
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Stud edge distance c; ¢, =127 [mm]
Stud edge distance c, c, =127 [mm]
Stud edge distance c; c3 = 127 [mm]
Stud edge distance c, c, =127 [mm]
Outermost stud line spacing s s; = 152 [mm]
Outermost stud line spacing s» S, = 152 [mm]

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

Ver. bar size dy=| 25 =

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

Hor. bar size dy=| 15 =

min required
115
115
115
115

102
102

0.5hg

ny

single bar area Ag

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

min(0.5c4, 0.3c,)

nIeg
nIaly
single bar area Ag

OK
OK
OK
OK

OK
OK

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.

= 200

=8
= 500

= 200

20of 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

Rebar yield strength f, = 414 [MPa]
Total no of welded stud n =4

No of stud carrying tension n =4

No of stud carrying shear ng =4

For side-face blowout check use

No of stud along width edge Npy = 2

No of stud along depth edge Ny = 2

Seismic region where IgF,S,(0.2)>=0.35 = Yesl| ?
Provide built-up grout pad ? =l No =| ?
Strength reduction factors

Anchor reinforcement factor b0as = 0.75

Steel anchor resistance factor ¢ds = 0.85
Concrete resistance factor ¢, = 0.65
Resistance modification factors

Anchor rod - ductile steel Ris = 0.80
Concrete - condition A Ric = 1.15

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

suggest
400 = 60.0
S
. ‘r:‘f Nbd L
[ -
[ i@
ﬂbwj ~ _
8

Bolt No Input for Side—Face

Blowout Check Use

= 0.75
=115

[ksi]

de

A23.3-04 (R2010)
D.4.3.5
D.7.1.3

D.7.2.9
8.4.3 (a)
8.4.2

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

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 hy >= 12d,
Stud on Conc Bearing
Tension Shear Interaction
Tension Shear Interaction
Ductility Tension
Seismic Design Requirement
CACULATION
Stud Tensile Resistance Ng =

ratio =

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

ld:

Actual development lenngth l, =
<0.5her
% 200
©
P
35°
_
Nipr =
Seismic design strength reduction =
ratio =

Abchor Rod Embedment, Spacing and Edge Distance
Min Rquired Anchor Reinft. Development Length

Non-ductile

Nt Ase §s fua Res
0.14

hes- € (50mm) - 200mm x tan35

das X fy XNy X Ag X (I / 1y if 13 < 1)
x 0.75 applicable
0.10

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio
Shear

Code Reference

OK A23.3-04 (R2010)

0.25 oK 1221

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 1221

[KN] 12.25

[KN] D.4.35
OK

30of6
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Stud Pullout Resistance

Single bolt pullout resistance Npr
Nepr
Seismic design strength reduction
ratio
LPCvP
Rie

Side Blowout Resistance
Failure Along Pedestal Width Edge

along pedestal width edge

c
Check if side blowout applicable e
Check if edge anchors work as a Soo
a group or work individually
Single anchor SB resistance Nspr.w
Multiple anchors SB resistance Nsbgrw

work as a group - applicable

work individually - not applicable
Seismic design strength reduction

ratio

Failure Along Pedestal Depth Edge

along pedestal depth edge Npud
c
Check if side blowout applicable e
Check if edge anchors work as a S11
a group or work individually
Single anchor SB resistance Ngpr.d
Multiple anchors SB resistance Nsbgr,d
work as a group - applicable
work individually - not applicable
Seismic design strength reduction
ratio
Group side blowout resistance Nsbgr
Govern Tensile Resistance N,

8 Apg O fe' Ric

Ne ¥epNor

x 0.75 applicable
0.25

1 for cracked conc
1.00

Nouw = Nu X Ny / Ny

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

119.3
477.2
357.9
Ny

pullout strength is always Condition B

=445

min ( ¢y, C3) =127

1397 [mm]

2.5¢c side bowout is applicable

152 [mm] S=s, = 152

6c edge anchors work as a group

13.3c\[A,, ¢ ' Ry, = 191.3

(1+5/ 6C) X Ny = 2294

Npw X Ngprw X [1+(C2 0r cg)/ c] 1 4 =0.0

x 0.75 applicable = 1721

0.26 > Nouw

Ny X Npg / N =445

min (Cy, C4) = 127

1397 [mm]

2.5¢c side bowout is applicable

152 [mm] s=s; =152

6c edge anchors work as a group

13.3c\[A,, ¢ ' R, = 191.3

(1+s/ 6C) X ¢y ¢ Nepr g = 2294

Npg X Ngpr.g X [1+(Cy Or c3)/ ]/ 4 =0.0

x 0.75 applicable = 1721

0.26 > Npyg

min [ Now oy Now o ] = 344.1
My Ny

min ( Nsr, Niors Nepr Nsbgr ) =344.1

40f6
Code Reference
A23.3-04 (R2010)
[kN]  D.6.3.4 (D-16)
[kN]  D.6.3.1 (D-15)
[kN] D.4.35
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.4.35
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.4.35
OK
[kN]
[kN]
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50f6
Code Reference
A23.3-04 (R2010)
Stud Shear Resistance Vo = Ng Age §s fua 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.7.1.3
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
(o4 < ce}
-~ N
Tt Tt —a It Tt < 9
/ \
Cs Cs _ N .
o 35
/ \ =
@ 0 @) [® )
dn
Strut-and-Tie model geometry d, = 57 [mm] d, =57 [mm]
0 =45 d =81 [mm]
Strut compression force C; = 0.5V, /sinb = 78.6 [kN]
ACI318 M-08
Strut Bearing Strength
Strut compressive strength fee = 0.85f =235 [MPa] A.3.2 (A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min(8d,, her) = 203 [mm] D.6.2.2
Anchor bearing area Aprg = lexd, = 5161 [mm?]
Anchor bearing resistance Cr = ng X st X fee X Aprg = 363.3 [kN]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Aprg = (I +1.5 x d; - d/2 -dy/2) x dy = 7473 [mm?]
Ver bar bearing resistance Cr = st X Tee X Apyg = 1315 [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 = Nigg(leg) x nyy (layer) =8
A23.3-04 (R2010)
Pull out resistance at hook Ty = 0.9 ¢ f¢' ep dyp Ry = 16.3 [kN] D.6.3.5 (D-17)
e, = 45d, = 68 [mm]

Single tie bar tension resistance Tr = das X fy X Ag =62.1 [kN]
Total tie bar tension resistance Vigr = 1.0XnXxTr = 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,, he) X dy X f¢' = 5185 [kN] 25.3.3.2
ratio = 0.21 >V, OK
Govern Shear Resistance V, = min (Vg, Vi , By = 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, + VIV, = 0.56 D.8.4 (D-35)
ratio = 0.46 <12 OK
Ductility Tension
Ng = 617.7  [kN]
> min ( Nyor , Nepr, Napgr ) =3441  [kN]
Non-ductile
Ductility Shear
Vg =579.1  [kN]
> min (Vi By, =3726  [kN]
Non-ductile
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Example 23: Welded Stud + Anchor Reinft + Tension Shear & Moment + ACI 318-08 Code

MPS
127"

v Mu=35KIP-FT
. - Vu=28KIPS
0
N2 <+ -+ 4 |
L - - 3
aLO
5 16" 5
\ e \

My = 35 kip-ft Ny= 10 kips (Compression) Vy = 25 kips
Concrete fc'= 4 Kksi Rebar f,=60 ksi
Pedestal size 26" x 26"
Anchor stud AWS D1.1 Grade B 1.0" dia her = 55" ha =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 het 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
5. For tie reinft, only the top most 2 or 3 layers of ties (2" from TOC and 2x3" after) are effective
6. Strut-and-Tie model is used to anlyze the shear transfer and to design the required tie reinft
7. For anchor group subject to moment, the anchor tensile load is designed using elastic analysis 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 [Kips] = 1112 [kN]

- e T e e T e e e

S2
-+
+

Si

2 BOLT LINE S BOLT LINE 4 BOLT LINE
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20f7
No of bolt line for resisting moment :I 2 Bolt Line ll Code Reference
No of bolt along outermost bolt line =2
min required PIP STE05121
Outermost stud line spacing s s; = 16.0 [in] 4.0 OK Page A -1 Table 1
Outermost stud line spacing s» s, = 16.0 [in] 4.0 OK
Internal stud line spacing sp; Sp1 = 10.5 [in] 4.0 OK
Internal stud line spacing sp» Sp2 = 0.0 [in] 4.0 OK
Column depth d =127 [in]
Concrete strength fe = 4.0 [ksi] =27.6 [MPa]
Stud material =| AWSDL1 Grade B |
Stud tensile strength fua = 65 [ksi] = 448 [MPa] ACI 318-08
Stud is ductile steel element D.1
Stud diameter dq :I 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, = 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, = 5.0 [in] 4.5 OK
Stud edge distance c3 c; = 5.0 [in] 4.5 OK
Stud edge distance c, ¢, = 5.0 [in] 4.5 OK
<@§< <=min(0.5C1,0.3C2) <=min(0.5C1,0.3C2)
A ) Y s w— < S B
// ~ 8 = 8 = 8
/ ® [ \| — K Q\ L] i L] 9 —K— [ —K
g | e S AR . oA o S
* O S Pemmn o S 1 /’—“\ K
AN d S 35° S P =0 S
— \C \ k*) Y \( ] 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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Rebar yield strength

Total no of welded stud
Number of stud carrying tension

Number of stud carrying shear

For side-face blowout check use

No of stud along width edge

Seismic design category >= C

Provide built-up grout pad ?

Nt

Npw

For anchor reinft shear breakout strength calc

‘ My
[V
= d
r 1
N e <
= AN p ° NN
AN e N
N e
es : O o H:H <Y
o n
< —~+— . e
)
dm
C1 ‘ S1 ‘ Cs C1 S1 Cs
| T
de dec
ACI 318-08
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 8 in.
0.5h¢ = 8.0 [in]
No of ver. rebar that are effective for resisting anchor tension n, =2
Ver. bar size No. I 8 Tl: 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, 0.3c, ) from the outmost anchor's centerline min(0.5c4, 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 :I 2 'l ?
Hor. tie bar size No. I 4 vl= 0.500 [in] dia single bar area A; = 0.20 [in2]

3of7

Code Reference

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

60 [ksi]

suggest
60 =414 [MPa]

C3

—~Nbd
NS
|
|

S1
de

Bolt No Input for Side-Face

Blowout Check Use ACI 318-08
D.3.3.3
D.6.1.3
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Strength reduction factors
Anchor reinforcement
Anchor rod - ductile steel

Concrete - condition A

CONCLUSION

Overall
Tension

Stud Tensile Resistance

Stud Pullout Resistance
Side Blowout Resistance
Shear

Stud Shear Resistance

Strut Bearing Strength

Tie Reinforcement
Tension Shear Interaction

Tension Shear Interaction

Ductility

CACULATION
Stud Tensile Force

Single stud tensile force

Sum of bolt tensile force

Stud Tensile Resistance

for ver. #8 bar

Actual development lenngth

s
s
B

Anchor Reinft Tensile Breakout Resistance

Anchor Reinft Shear Breakout Resistance

Conc. Pryout Not Govern When hg >= 12d,

Tension

Seismic Design Requirement

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

¢ ts Nsa
ratio

Min tension development length lg

=0.75
= 0.75
=0.75

Abchor Rod Embedment, Spacing and Edge Distance
Min Rquired Anchor Reinft. Development Length

Non-ductile

=12.42 [Kips]
= 0.00 [kips]
= 0.00 [Kips]
=2nT,

= ¢ s Asefura
=0.32

Anchor Reinft Tensile Breakout Resistance

het- € (21in) - 8 in x tan35

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

ratio

Shear

No of stud for T, npy
No of stud for T, ny,

No of stud for T3 ny3

0.65
0.75

OK
0.25 OK
0.94 OK
0.32 OK
0.35 OK
0.43 OK
0.38 OK
0.38 OK
0.59 OK
0.69 OK

OK
0.94 OK
Non-ductile

OK
24.8 [kips]
38.3 [kips]
T, OK
47.4 [in]
47.4 [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)

12.2.1

D.3.3.4

ACI 318-08

D.5.1.2 (D-3)

12.2.1,12.2.2,12.2.4

12.2.1
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50f7
< < 0.5 Code Reference
h 8 in
35
R ACI 318-08

Nipr = s X fy xny X Ag X (Ia /g if 15 < ) 71.0 [kips] 12.2.5
Seismic design strength reduction = x 1.0 not applicable 71.0 [kips] D.3.3.3

ratio = 0.35 > N, OK

Stud Pullout Resistance

Single bolt pullout resistance N, = 8 Apg e’ =412 [kips] D.5.3.4 (D-15)
Nepr = & tc Npn = ¢ e Pep Np =289 [kips] D.5.3.1(D-14)
Seismic design strength reduction = x 1.0 not applicable = 28.9 [kips] D.3.3.3
ratio = 0.43 >T OK
Wep = 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 Npuw = N1 T =248 [kips] RD.5.4.2
¢ =min(cy,C3) =50 [in]
Check if side blowout applicable hes = 55.0 [in]
> 2.5c 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 < 6C edge anchors work as a group D.5.4.2
Single anchor SB resistance Orc Nsp = ¢y (160c Ay ) A \/i =431 [kips] D.5.4.1 (D-17)

Multiple anchors SB resistance & cNspgw =

work as a group - applicable (1+s/ 6€C) X drc Ngp 66.0 [kips] D.5.4.2 (D-18)

work individually - not applicable = Npy X Ppc Ngp X [1+(C, 0r cg)/ ]/ 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
N
Group side blowout resistance Bre Nopg = dre —22M = 66.0 [Kips]
nTl
Govern Tensile Resistance N; = e min (N Ng, Ny, N Nep, Nepg ) =57.7 [kips]
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Code Reference
ACI 318-08
Stud Shear Resistance dvs Vsa = ¢ yvsNs 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 =
o7 > 00
« N
Tt Tt @ — Tt Tt ~ -
/ \
Cs Cs _ N o
© 35
/ \ —
g 0 @) Q »,
dn
Strut-and-Tie model geometry d, = 2.250 [in] dy, = 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 = 0.85f =34 [ksi] A.3.2 (A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min(8d,, her) = 8.0 [in] D.6.2.2
Anchor bearing area Aprg = lexd, =8.0 [in?]
Anchor bearing resistance Cr = Nng X st X fee X Aprg =40.8 [kips]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Aprg = (I +1.5 x d; - d/2 -dy/2) x dy =118 [in?]
Ver bar bearing resistance Cr = st X Tee X Apyg = 30.0 [kips]
ratio = 0.59 > Cs OK
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7of 7
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 = Nig(leg) x ny (layer) =4
Pull out resistance at hook Th = ¢1c0.9f e, dy =3.0 [kips] D.5.3.5 (D-16)
e, = 4.54d, = 2.250 [in]
Single tie bar tension resistance Tr = s xfy X Ag =9.0 [kips]
Total tie bar tension resistance Vip =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 h; > = 12d,, the pryout failure will not govern

12d, = 12.0 [in] her = 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
NN, + VIV, =112 D.7.3 (D-32)
ratio = 0.94 <12 OK
Ductility Tension s Nsg = 38.3 [Kips]
> ¢re Min (Npp, Npn, Nebg ) = 28.9 [kips]
Non-ductile
Ductility Shear s Nsg = 66.4 [Kips]
> Vyp = 36.0 [kips]
Non-ductile
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Example 24: Welded Stud + Anchor Reinft + Tension Shear & Moment + CSA A23.3-04 Code

13 Nu‘:44.5 kN
i
- Mu=47.4 kNm
& < Vo= 2k
O # * | |
== % 5
© < M
=
N - * o
N
127 406 127
| 660 |
My =47.4kNm  N,=44.5 kN (Compression) Vy=111.2 kN
Concrete fc'=27.6 MPa Rebar fy,=414 MPa
Pedestal size 660mm x 660mm
Anchor stud AWS D1.1 Grade B 1.0" dia het = 1397mm ha =1524mm
Seismic design Ig 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 het 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, = 47.4 [kNm] = 35.0 [kip-ft]
Factored tension /compression N, = -44.5 [kN] in compression = -10.0 [kips]
Factored shear V, = 111.2 [kN] =25.0 [kips]

v e o

S2
.
+
S2
-
+
S2
-
+

2 BOLT LINE S BOLT LINE 4 BOLT LINE

2011-12-16 Rev 1.0.0 Page 92 of 155



CivilBay

www.civilbay.com

Design of Anchorage to Concrete Using ACI 318-08 & CSA-A23.3-04 Code

Dongxiao Wu P. Eng.

No of bolt line for resisting moment

:I 2 Bolt Line ll

20f7

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 s 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 sp; Sp1 = 267 [mm] 102 OK
Internal stud line spacing sp» Sp2 =0 [mm] 102 OK
Column depth d =323 [mm]
Concrete strength fo =28 [MPa] =4.0 [ksi]
Anchor bolt material =| AWSDL1 Grade B
Anchor tensile strength fua = 65 [ksi] = 448 [MPa] A23.3-04 (R2010)
Stud is ductile steel element D.2
Stud diameter dq :I 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
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 ¢, c, =127 [mm] 115 OK Page A -1 Table 1
Stud edge distance c, c, =127 [mm] 115 OK
Stud edge distance c3 c; = 127 [mm] 115 OK
Stud edge distance c, C4 = 127 [mm] 115 OK
<ﬁ( <=min(0.5C1,0.3C2) <=min(0.5C1.0.3C2)
1
A ) S I W ST
s ~ S = S 3 S
/ e o .\ —K R [ i [ A —k [ —K
Q | S o S ° | @ S
3 ° —K o N J| K% /.—«\ N
N 7 S 35° S V35 S
— e o oJ J < o  J
Cq 1821 C2 Cq ‘Sz C2 Cq LSz C2
bc be b

Hor. Ties For Shear - 2 Legs
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%\ Code Reference
M U
VU
= d
r 1
~ <
g \\\\ //// ii - -
A 4 o o <V
< < :i— ¢H¢
o
dm
C1 ‘ S1 ‘ Cs C1 S1 Cs
de 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.
0.5hgs = 200 [mm]
No of ver. rebar that are effective for resisting anchor tension n, =2
Ver. bar size dy=| 25 =~ single bar area A; = 500 [mmz]
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 = 2 ?
No of tie layer that are effective to resist anchor shear Niay :I 2 vI ?
Hor. bar size dy=| 15 = 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:‘fmbd _
No of stud carrying shear ng =2 D o S
| TF
For side-face blowout check use o
No of stud along width edge Npy = 2
C4 1 S2 1 C2
be
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 =| 2 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 ¢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 Ry,s = 0.75 D.5.4(a)
Concrete - condition A Ric = 1.15 Ry, = 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 T, =55.2 [kN] No of stud for Tyny; = 2
T, = 0.0 [kN] No of stud for T,n, = 0
T3 = 0.0 [kN] No of stud for Tgny; = 0
Sum of stud tensile force Ny =2nT, = 110.3 [kN]
Stud Tensile Resistance Ngr = Ase ¢s fua Ris = 154.4 [kN] D.6.1.2 (D-3)
ratio = 0.36 > T OK
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Code Reference

Anchor Reinft Tensile Breakout Resistance A23.3-04 (R2010)
Min tension development length ly = = 887 [mm] 12.2.3
for ver. 25M bar
Actual development lenngth I, = hes- ¢ (50mm) - 200mm x tan35 = 1207 [mm]
<0.5Nef > 300 OK 1221
% 200
S
B =
35°
_— :
Nipr = das X Ty XNy X Ag X (I3 / 1g i 14 <) = 3105 [KN] 12.25

Seismic design strength reduction x 1.0 not applicable 3105 [kN] D.4.3.5

ratio = 0.36 > N, OK
Stud Pullout Resistance
Single bolt pullout resistance Npr = 8 Aprg dc fe' Ric = 119.3 [kN] D.6.3.4 (D-16)
Nepr = P epNpr =119.3 [kN]  D.6.3.1(D-15)
Seismic design strength reduction = x1.0 not applicable = 119.3 [kN] D.4.3.5
ratio = 0.46 >T, OK
W = 1 for cracked conc D.6.3.6
R = 1.00 pullout strength is always Condition B D.5.4(c)
Side Blowout Resistance
Eailure Along Pedestal Width Edge ACI318 M-08

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

along pedestal width edge Npuw = N1 Ty =110.3 [kN] RD.5.4.2
¢ =min(cy,C3) = 127 [mm]
Check if side blowout applicable he = 1397 [mm] A23.3-04 (R2010)
> 2.5¢ side bowout is applicable D.6.4.1
Check if edge anchors work as a Sy, = 406 [mm] S=s5, = 406 [mm]
a group or work individually < 6C edge anchors work as a group D.6.4.2
Single anchor SB resistance Nsorw = 13.3¢\[Ayy ¢, e Ric =191.3 [kN] D.6.4.1(D-18)
Multiple anchors SB resistance Nsbgrw =
work as a group - applicable = (1+s/ 6€) X Ngprw = 293.2 [kN] D.6.4.2 (D-19)
work individually - not applicable = Npy X Ngprw X [1+(C 0r cg)/ c] / 4 =0.0 [kN] D.6.4.1
Seismic design strength reduction = x 1.0 not applicable = 293.2 [kN] D.4.3.5
ratio = 0.38 > Npyw OK
Group side blowout resistance Nspgr = NSbﬂnl = 293.2 [kN]
Mo,
Govern Tensile Resistance N, = min (ng Ng;, Nrr, N Nepr, Nopgr ) =238.6 [kN]
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6 of 7
Code Reference
A23.3-04 (R2010)

Stud Shear Resistance Vo = Ng Age §s fua 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 = 0.38 >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
Vuo/2 /2 =
L l E :
(&4 > ce}
- ~N
Tt Tt - Tt Tt < A
/ \
Cs Cs _ A o
o 35
/ \ —
s 0 QO [® »
dn
Strut-and-Tie model geometry d, = 57 [mm] d, =57 [mm]
0 =45 d =81 [mm]
Strut compression force C; = 0.5V, /sinb = 78.6 [kN]
ACI318 M-08
Strut Bearing Strength
Strut compressive strength fee = 0.85f =235 [MPa] A.3.2 (A-3)
* Bearing of anchor bolt
Anchor bearing length |, = min(8d,, her) = 203 [mm] D.6.2.2
Anchor bearing area Aprg = lexd, = 5161 [mm?]
Anchor bearing resistance Cr = ng X st X fee X Aprg = 181.6 [kN]
>V, OK
* Bearing of ver reinft bar
Ver bar bearing area Aprg = (I +1.5 x d; - d/2 -dy/2) x dy = 7473 [mm?]
Ver bar bearing resistance Cr = st X Tee X Apyg = 1315 [kN]
ratio = 0.60 > Cs OK

2011-12-16 Rev 1.0.0 Page 97 of 155



C |Vi I B ay www.civilbay.com

Design of Anchorage to Concrete Using ACI 318-08 & CSA-A23.3-04 Code Dongxiao Wu P. Eng.

7of 7
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 = Nig(leg) x ny (layer) =4 A23.3-04 (R2010)
Pull out resistance at hook Ty = 0.9 ¢ f¢' ep dy Ri¢ = 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 Vigr = 1.0XxnxTr =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 hy; > = 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,, he) X dy X f¢' = 259.3 [kN] 25.3.3.2
ratio = 0.43 <V, OK
Govern Shear Resistance V, = min (Vg, 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
Nu/N; + VIV, =091 D.8.4 (D-35)
ratio = 0.76 <12 OK
Ductility Tension Ng = 154.4 [kN]
> min ( Ny, Neprs Nepgr ) = 119.3 [kN]
Non-ductile
Ductility Shear Vg = 289.5 [kN]
> min ( Vi, By = 248.4 [kN]
Non-ductile
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Example 31: Welded Stud + No Anchor Reinft + Tension & Shear + ACI 318-08 Code

[S g

12.7" NU‘:QO KIPS
. __|Vu=10KIPS
s -
N * # v |
©| © \—‘ =
o~ — o~
:Lr> ~
[ s - —
S}
5" 16" 5"
\ \
26"
Ny= 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.

Note: The stud length used in this example may not be commercially available and it's for illustration purpose only.
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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
Input Data set N, = 0 if it's compression Code Reference
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 fua = 65 [ksi] = 448 [MPa] ACI 318-08
Stud is ductile steel element D.1
Stud diameter d, :I 1 | [in] =254 [mm]
Stud shank area As = 0.79 [in%] = 507 [mm?]
Stud head bearing area Apg = 1.29 [in?] = 831 [mm?]
min required PIP STE05121
Stud embedment depth he = 12.0 [in] 12.0 OK Page A -1 Table 1
Concrete thickness h, = 15.0 [in] 15.0 OK
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, ¢, = 5.0 [in] 4.5 OK ACI 318-08
¢; > 1.5h; for at least two edges to avoid reducing of hg; when N, > 0 No D.5.2.3
Adjusted hg for design het = 5.33 [in] 12.0 Warn D.5.2.3
Outermost stud line spacing s s; = 16.0 [in] 4.0 OK PIP STE05121
Outermost stud line spacing s» s, = 16.0 [in] 4.0 OK Page A -1 Table 1
v, b N . © e
-~ mm(cf,W.Bhef) s | min(cs 1.5Nef)
2
B \\\\ ///// S An g
E L ] :
S6 I 1| &
= + 4 —
Ch l S l Cs S %
T T —
5 Lo ls] o | %
T T 1 =
de
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2 0of 6
Number of stud at bolt line 1 n =2 Code Reference
Number of stud at bolt line 2 n, =2 S
. ‘r:‘[mm L
Total no of welded stud n=4 L jf ©
Number of stud carrying tension n =4 ”bwg@> _
Number of stud carrying shear ng =2 °
For side-face blowout check use = 1 = 1 =
No of stud along width edge Npy = 2 be
No of stud along depth edge Ny = 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 ? =l No =| ? 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 = 0.75 Cdn-A oy = 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,y =1.0 D.5.2.4
5. Shear load acts through center of bolt group ¥ecy =1.0 D.6.2.5
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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

Seismic Design Requirement

CALCULATION

Stud Tensile Resistance ]

Conc. Tensile Breakout Resistance

Projected conc failure area

Min edge distance
Eccentricity effects
Edge effects

Concrete cracking

Concrete splitting

Tension

ts Nsa

Abchor Rod Embedment, Spacing and Edge Distance

ratio

ratio
ratio
ratio

ratio

ratio
ratio

ratio

ratio

Shear

Non-ductile

b s Nt Ase futa

ratio = 0.13

N, =24 2 f. hi® if h, <11" or h, > 25"

1.5hg
ANC

Anco
ANC
Cin

qJe(:,N
qJed,N

Wen

l‘I"cp,N

16 4 +f. h¥? if 11"<h, < 25"

[s1+min(cy,1.5her)+min(cs,1.5heg)]x
[so+min(c,,1.5heg)+min(c,,1.5h)]
9 hef
min (Ane, Nt Anco)
min( ¢y, Cy, C3, C4)
1.0 for no eccentric load
min[ (0.7+0.3cn/1.5h), 1.0]
1.0 for cracked concrete

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?
=50 [in]
= 0.89

30of6

D.3.3.4

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.5.2.5
D.5.2.6
D.5.2.7
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Concrete breakout resistance Ot Neog

Seismic design strength reduction
ratio

Stud Pullout Resistance

Single bolt pullout resistance N,
¢ tc Npn

Seismic design strength reduction
ratio
LPCvP
¢ tc

Side Blowout Resistance
Failure Along Pedestal Width Edge

Failure Along Pedestal Depth Edge

along pedestal depth edge Npug
c
Check if side blowout applicable het
Check if edge anchors work as a S11
a group or work individually
Single anchor SB resistance O Nop
Multiple anchors SB resistance &t,cNsbg,a
work as a group - not applicable
work individually - not applicable
Seismic design strength reduction
ratio

along pedestal width edge Npuw
c
Check if side blowout applicable het
Check if edge anchors work as a Soo
a group or work individually
Single anchor SB resistance O Nop
Multiple anchors SB resistance &tcNsbgw =
work as a group - not applicable
work individually - not applicable
Seismic design strength reduction
ratio

b, Py

A LIjed,N ch,N \Ij

ec,N cp.N

Nco

x 1.0 not applicable
0.57

8 Apyg fe'
Ot N WepNp

x 1.0 not applicable
0.15

1 for cracked conc
0.70

N, =

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

34.9

34.9

46.4
129.9
129.9
Ny

pullout strength is always Condition B

Ny X Ny / Ny = 10.0
min ( Cy, C3) =50
12.0 [in]

2.5¢ side bowout is NOT applicable
0.0 [in] s=s, =0.0

6¢C side bowout is NOT applicable
4., [60c A, ) 2 e = 0.0
(1+s/ 6C) X ¢y ¢ Ngp = 0.0
Npw X Grc Ngp X [1+(C 0r cg)/ c] / 4 = 0.0

x 1.0 not applicable =0.0
0.00 < Npuw
Ny X Npg / N = 10.0
min ( Cy, C4) =50
12.0 [in]

2.5¢c side bowout is NOT applicable
0.0 [in] s=s; =0.0

6¢C side bowout is NOT applicable
4., [60c A, ) 2 e =00
(1+s/ 6C) X g ¢ Ngp = 0.0
Npa X ¢rc Ngp X [1+(Cy 0r c3)/ ]/ 4 = 0.0

x 1.0 not applicable = 0.0
0.00 < Npug

[kips]

[kips]
OK

[kips]
[kips]
[kips]

OK

[kips]
[in]

[in]

[kips]

[kips]

[kips]

[kips]
oK

[kips]
[in]

[in]

[kips]

[kips]

[kips]

[kips]
oK

40f6
Code Reference
ACI 318-08
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)

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.3.3.3
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Group side blowout resistance dr.c Nobg
Govern Tensile Resistance N,
Stud Shear Resistance dvs Vsa

Reduction due to built-up grout pads
ratio

Conc. Shear Breakout Resistance

Mode 2 Failure cone at back anchors
Vy

B —

mim(haﬂ .5ca

Bolt edge distance
Bolt edge distance - adjusted Ca1
Cy
1.5C,1
Ave

AVCO
Ave

Nsbg,w Nsbg‘d
—_ I’]t , ——

bw bd

y

anv Nsbg) ]

Pre min[

min [¢t,s Nsai ¢l.c (Ncbgv

¢ v,s nS ASE futa

x 1.0, not applicable
0.15

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

=0.0

=349

= 66.4

= 66.4
>V,

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

Cap =C1t5S;

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

3 N
0 M Ca1
= < -
) AN )
— N
= b
} E;; + \k VU/Z
Sla H:H &
=T MRS
5 / S
— /
~ Ci i S1 i Cs
< T T
= de
=21.0
= Yes
cal needs to be adjusted = 10.0
5.0
15.0
[min(c,,1.5¢,,) + s, + min(cy,1.5¢,:)] X = 390.0
min(1.5c,q, hy)
= 4.5¢,,° = 450.0
min (Ave, Nz Aveo) = 390.0
min( 8d, , her) = 8.0
= 25.7

{B(HO'ZE } PN

a

[kips]

[kips]

[kips]

[kips]
oK

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

[in]

[in’]

[in?]

[in]

[kips]

50f 6
Code Reference
ACI 318-08

D.6.1.2 (a) (D-19)

D.6.1.3

Fig. RD.6.2.1(b) notes

in Case 2

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.6.2.3 (D-25)
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Eccentricity effects Wecv
Edge effects Wea
Concrete cracking Wey
Member thickness Why

Conc shear breakout

resistance Vebg2

Seismic design strength reduction

ratio
Conc. Pryout Shear Resistance
Kep
Factored shear pryout resistance  ¢,c Vepg
¢ 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
s Nsa
Ductility Shear
¢V,S Vsa

= 1.0 shear acts through center of group
= min[ (0.7+0.3c,/1.5¢c,,), 1.0] =0.80
= =120
= max[ (sqrt(1.5¢c,1 / hy) , 1.0] = 1.00
A\/c
= ¢v‘c A lI’,ec.v \Ijed.v \ch‘\/ kPh‘V Vb = 161
Vco

= x 1.0 not applicable =16.1
= 0.62 >V,
=20
= ¢v,c kcp Ncbg = 65.1
= 0.70 pryout strength is always Condition B
= x 1.0 not applicable = 65.1
= 0.15 >V,
= min [ (I)v,svsar ¢v,c Ncbgr chg ) ] =16.1

Yes

NN, + VIV, =120
= 1.00 <12
= 153.2 [Kips]
> ¢t,c min (NCbgv anx Nsbg) =349

Non-ductile
= 66.4 [Kips]
> dy,c MiN (Vepg Vepg ) =16.1
Non-ductile

[kips]

[kips]
OK

[kips]

[kips]
oK

[kips]

OK

[kips]

[kips]

6 of 6
Code Reference
ACI 318-08
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.3.3.3

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

N UT89 kN
~ - \V u=4415 kN
N
O # # |4 A
(@] (<o}
o0
Ne # * N
M~
N
127 406 127
\ \
660
Ny= 89 kN (Tension) Vy=44.5 kN
Concrete fc'=31 MPa
Anchor stud AWS D1.1 Grade B 1.0" dia het = 305mm ha =381mm
Seismic design Ig F5S4(0.2) < 0.35
Supplementary reinforcement Tension - Condition A

Shear - Condition A Yev =12

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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STUD ANCHOR DESIGN Combined Tension and Shear

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

Input Data set N, = 0 if it's compression
Factored tension Ny, = 89.0 [kN] = 20.0 [Kips]
Factored shear V, =445 [kN] = 10.0 [kips]
Concrete strength fo =31 [MPa] =45 [ksi]
Anchor bolt material =| AWS D11 Grade B |
Anchor tensile strength fua = 65 [ksi] = 448 [MPa]
Stud is ductile steel element
Stud diameter dq :I 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
Anchor bolt embedment depth hes = 305 [mm] 305 OK
Concrete thickness h, = 381 [mm] 381 OK
Stud edge distance ¢, c, =127 [mm] 115 OK
Stud edge distance c, c, =127 [mm] 115 OK
Stud edge distance c3 c; = 127 [mm] 115 OK
Stud edge distance ¢, c, = 127 [mm] 115 OK
¢; > 1.5h; for at least two edges to avoid reducing of hgs when N, > 0 No
Adjusted hg for design he = 135 [mm] 305 Warn
Outermost stud line spacing s S; = 406 [mm] 102 OK
Outermost stud line spacing s» S, = 406 [mm] 102 OK
Aﬂ m'm(m,W.6hef)<081@m'n(03,1.5hef)
Y
2
= \\\\ ///// S An g
. N £
= I /B/# */W o
= + 4 —
Ch l S1 l Cs S %
T T —
. Lo |si] o |
T T =
de

1of6

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

PIP STE05121

Code Reference

A23.3-04 (R2010)
D.2

PIP STE05121
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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2 0of 6
No of stud at bolt line 1 n =2
No of stud at bolt line 2 n, =2 3
. ‘r:‘f Noa | |
Total no of welded stud n=4 | jf e
No of stud carrying tension n =4 ”bw@ _
No of stud carrying shear ng =2 -
For side-face blowout check use = 1 SQ 1 =
No of stud along width edge Npy = 2 :
No of stud along depth edge Moy = 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 L| ? D.4.3.5
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 ? = No =| ? D.7.1.3
Strength reduction factors
Anchor reinforcement factor bas = 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 Rys = 0.75 D.5.4(a)
Concrete Ric = 1.15 Cdn-A Ry, = 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

2011-12-16 Rev 1.0.0 Page 108 of 155



C |Vi I B ay www.civilbay.com

Design of Anchorage to Concrete Using ACI 318-08 & CSA-A23.3-04 Code Dongxiao Wu P. Eng.
3 of 6

CONCLUSION

Abchor Rod Embedment, Spacing and Edge Distance Warn

Overall ratio = 1.01 NG

Tension

Stud Tensile Resistance ratio = 0.14 OK

Conc. Tensile Breakout Resistance ratio = 0.58 OK

Stud Pullout Resistance ratio = 0.17 OK

Side Blowout Resistance ratio = 0.00 OK

Shear

Stud Shear Resistance ratio = 0.15 OK

Conc. Shear Breakout Resistance ratio = 0.63 OK

Conc. Pryout Shear Resistance ratio = 0.17 OK

Stud on Conc Bearing ratio = 0.15 OK

Tension Shear Interaction

Tension Shear Interaction ratio = 1.01 NG
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

CALCULATION Code Reference
A23.3-04 (R2010)
Stud Tensile Resistance Ng = Ny Age ¢ fua Ris = 617.7 [kN] D.6.1.2 (D-3)
ratio = 0.14 > Ny OK

Conc. Tensile Breakout Resistance

Ny, =10 4. \/f7 hi® R, if hy <275 or h, > 625 D.6.2.2 (D-7)
3.9 4, \/f7 h3® R, if 275 <hy < 625 D.6.2.2 (D-8)
= 65.5 [kN]
Projected conc failure area 1.5hg = = 203 [mm]
Ane = [si+tmin(cy,1.5he)+min(cs, 1.5he)]x = 4.4E+05 [mm?]
[s2+min(c,,1.5hgf)+min(cy,1.5hg)]
Anco = 9 hef = 1.6E+05 [mm? D.6.2.1 (D-6)
Ane = Min (Ane, N Anco) = 4.4E+05 [mm? D.6.2.1
Min edge distance Cmin = MIN( Cy, Cy, C3, C4) =127 [mm]
Eccentricity effects Ween = 1.0 for no eccentric load D.6.2.4
Edge effects Wean = min[ (0.7+0.3Cmin/1.5he), 1.0 ] = 0.89 D.6.2.5
Concrete cracking W.n = 1.0 for cracked concrete D.6.2.6
Concrete splitting Wepn = 1.0 for cast-in anchor D.6.2.7
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Code Reference
A23.3-04 (R2010)
Concrete breakout resistance Neogr = ::; Ween Yean Yen Peon Nor =1537 [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 > Ny OK
Stud Pullout Resistance
Single bolt pullout resistance Npr = 8 Aprg dc fe' Rie = 134.0 [kN] D.6.3.4 (D-16)
Nepr = Ny Wep Ny =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 > Ny OK
W.p = 1 for cracked conc D.6.3.6
R =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 Npuww = Ny X Ny / Ny =445 [kN] RD.5.4.2
c = min(cy C3) = 127 [mm]
Check if side blowout applicable he = 305 [mm] A23.3-04 (R2010)
< 2.5¢c side bowout is NOT applicable D.6.4.1
Check if edge anchors work as a Sy =0 [mm] s=s, =0 [mm]
a group or work individually < 6C side bowout is NOT applicable D.6.4.2
Single anchor SB resistance Nsorw = 13.3¢\/Ay, ¢, ff'e Ryo =0.0 [kN]  D.6.4.1(D-18)
Multiple anchors SB resistance Nsogrw =
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 = Npy X Ngprw X [1+(c 0r cg)/ 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 < Npuw 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 Npug = Ny X Npg / Ny =445 [kN] RD.5.4.2
c =min(cyCy) =127 [mm]
Check if side blowout applicable hes = 305 [mm] A23.3-04 (R2010)
< 2.5¢c 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 Neprg = 13.3¢\[A,, ¢ f'c Ry, =0.0 [kN]  D.6.4.1(D-18)
Multiple anchors SB resistance Nsbgra =
work as a group - not applicable = (1+s/ 6€) X dyc Ngprg =0.0 [kN] D.6.4.2 (D-19)
work individually - not applicable = Npg X Neprg X [1+(c 0rc3)/ 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 < Npug OK
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50f6
Code Reference
. . _ H Nsbgr,w Nsbgr,d -
Group side blowout resistance Ngpgr = MIN Tn‘ , Tn‘ = 0.0 [kN] A23.3-04 (R2010)
bw bd
Govern Tensile Resistance N; = min (Ng;, Nipry Neprs Nepgr ) = 153.7 [kN]
Stud Shear Resistance Vg = Ng Age §s futa Ry s = 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
O . Caf
= S .
r 1 (@) \\ O
= - Nt N
O / = N
=z / = v V2
~— /
= / /§F M Vy/2
- 9 // S
Ci l S l Cs f /
T T B~
de = o lsi] o
= T 7T
€ de
A23.3-04 (R2010)
Bolt edge distance Ca =C1+5S; = 533 [mm]
Limiting c,; 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
C, = 127 [mm]
15¢cy = 381 [mm]
Aye = [min(cy,1.5C41) + Sp + Min(Cy,1.5¢,)] X = 2.5E+05 [mm?] D.7.2.1
min(1.5c,q, hy)
Aveo = 4.5¢4° = 2.9E+05 [mm? D.7.2.1(D-24)
Ave = min (Ave, N2 Aveo) = 25E+05 [mm? D.7.2.1
le = min(8d,, het) = 203 [mm] D.3
| 0.2
Vor = o.es(diJ Jd, gt ciR,, = 84.9 [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+0.3c,/1.5¢C,;), 1.0] = 0.80 D.7.2.6
Concrete cracking Weyv = =120 D.7.2.7
Member thickness Why = max[ (sqrt(1.5c,; / hy), 1.0] = 1.00 D.7.2.8
Conc shear breakout
resistance Vepgr = Ave Yeov Yeav Yeu Yav Vi = 70.6 [kN] D.7.2.1 (D-23)
Vco
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 Neogr = 267.3 [kN] D.7.3 (D-32)
Ry = 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,, he) X dg X f¢' = 291.2 [kN] 25.3.3.2
ratio = 0.15 >V, OK
Govern Shear Resistance V; = min ( Vg, Veogn 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
N/N; + VIV, =121 D.8.4 (D-35)
ratio = 1.01 > 1.2 NG
Ductility Tension
Ng = 617.7  [kN]
> mMin (Neogrs Nepr: Nsngr) =153.7  [kN]
Non-ductile
Ductility Shear
Vg =289.5  [kN]
> min (Vengn 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
1 — Yo '
; T B
A § f ] |} 5
{ ”Eﬂ P | ;
{ 15in.x24in. square ¢ | ¥ q
7/8 in. diameter 15in i embedded plate i : ] %
welded headed —4- — = § i i | f i
studs _1__‘ » ._I_. nm% ; { iy { mhﬂ?::eiwmmn?
1 i Nt — e ——
i: 0 it~ | i R BAMEE ofl
1 I
\ L] = |1 | |2
o = : A - NI -
#5 stirrups . - 1%&@“»%3*‘»&@% !. ] T- %‘ 1 _‘G_
@4in. o.c. | i (4 | g 5| g
B } Vool | Muas> | | e b= FoH —
1 k 1 | & i 5§
i H f| | . | ] !
#6 typ. : 1 : =
typ _“"-h—.,_E o “5, - S & s %a-%am.-.mwz w
Normalweight | | E I-1 i 5. : f ;3! <
concrete —— | 1 i #-_r._ﬂ‘-..ﬁ.;_f._ﬁ.é_ L
fa = 4500 psi — im §| i o] —H— | =
H‘suq At vl peitmaT TR “ipin inrn-’ .-....,...';‘[%L'mgm ‘E
] e T o i i
; VT st ] I
| L Bottom soffit of -2 In. typ. | 10.5in. ; 10.5 in. ! 6in
spandrel girder
18in.
My = 30 kip-ft Ny = 0 kips, V=20 kips, fo' = 4.5 ksi
Anchor stud d;=7/8 in hef =9 in ha=18 in
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 Anc = 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 Anc 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<1.5ca; . 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 M, = 30.0 [Kip-ft] = 40.7
Factored tension /compression N, = 0.0 [Kips] = 0.0
Factored shear V., = 20.0 [Kips] = 89.0

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

[kNm]
[kN]
[kN]

S2
.
+
S2
-
S2

.

..

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

1of6

2011-12-16 Rev 1.0.0

Page 114 of 155



CivilBay

www.civilbay.com

Design of Anchorage to Concrete Using ACI 318-08 & CSA-A23.3-04 Code

Dongxiao Wu P. Eng.

Outermost stud line spacing s
Outermoststud line spacing s;

Internal stud line spacing sp;

Internal stud line spacing sp»

Column depth

Concrete strength

Stud material

Stud tensile strength

Stud diameter
Stud shank area

Stud head bearing area

Stud embedment depth

Concrete thickness

Stud edge distance ¢,
Stud edge distance c,
Stud edge distance c3

Stud edge distance c,

Adjusted hg for design

S1
S2

Sh1

Sh2

fula

hef
ha

Cy
C2
C3

Ca

Pes

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

hef
/

ho

min required
=210 [in] 35 OK
=210 [in] 35 OK
= 10.5 [in] 35 OK
=0.0 [in] 35 OK
=13.9 [in]
=45 [ksi] =310
=| AWSDL1 Grade B |
= 65 [ksi] = 448
Stud is ductile steel element
=| 0.875 = | [in] =222
= 0.60 [in?] = 388
= 0.88 [in?] = 570
min required
=9.0 [in] 10.5 Warn
= 18.0 [in] 12.0 OK
= 6.0 [in] 4.5 OK
=6.0 [in] 45 OK
= 100.0 [in] 4.5 OK
= 100.0 [in] 4.5 OK
Yes
= 9.00 [in] 10.5 Warn
min(cy, 1.5her) min(cs+sy,1.5her)
P9 B
T T :\gJ
3 % 3
<
—— /r €S
ST &
- 4
3 =
dm
An =
Ci l St l Cs \2/
T T =
€
de

[MPa]

[MPa]

[mm]
[mm?]

[mm?]

Code Reference
PIP STE05121
Page A -1 Table 1

20of 6

ACI 318-08
D.1

PIP STE05121

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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Code Reference
Number of stud at bolt line 1 n =3
Number of stud at bolt line 2 n, =3
Total no of welded stud n=28
Number of stud carrying tension n=>5
Number of stud carrying shear ng =3
ACI 318-08

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

For tension = E Condition B 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 ¢ys = 0.65 D.4.4 (a)
Concrete ¢c = 0.70 Cdn-B oy = 0.75 Cdn-A D.4.4(c)
CONCLUSION
Abchor Rod Embedment, Spacing and Edge Distance Warn
Overall ratio = 0.95 OK
Tension
Stud Tensile Resistance ratio = 0.21 OK
Conc. Tensile Breakout Resistance ratio = 0.64 OK
Stud Pullout Resistance ratio = 0.28 OK
Side Blowout Resistance ratio = 0.00 OK
Shear
Stud Shear Resistance ratio = 0.26 OK
Conc. Shear Breakout Resistance ratio = 0.50 OK
Conc. Pryout Shear Resistance ratio = 0.27 OK
Tension Shear Interaction
Tension Shear Interaction ratio = 0.95 OK
Ductility ACI 318-08

Tension  Non-ductile Shear  Non-ductile
Seismic Design Requirement OK D.3.34
SDC< C, ACI318-08 D.3.3 ductility requirement is NOT required
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CALCULATION Code Reference
Anchor Stud Tensile Force
Single bolt tensile force T, = 6.22 [kips] No of bolt for T ny; = 3
T, = 2.48 [Kips] No of bolt for Tonp, = 2
T3 = 0.00 [Kips] No of bolt for T3nrz = 0
Sum of bolt tensile force Ny =2nT; =236 [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)
- I 1
Eccentricity modification factor WeeN = ISEESE) = 0.87 D.5.2.4 (D-9)
1 N
[ Shef ]
Stud Tensile Resistance s Nsa = ¢ s Acefua = 29.3 [kips] D.5.1.2 (D-3)
ratio = 0.21 >T OK
Conc. Tensile Breakout Resistance
Ny =24 2 hi if h, <11" or h, > 25" =435  [kips] D.5.2.2(D-7)
16 24, h%® if 11"<h, < 25" D.5.2.2 (D-§)
Projected conc failure area 1.5hg = = 13.50 [in]
Anc = [Si+min(Cy,1.5he)+min(cs,1.5hen)]x = 12150 [in}
[so+min(c,,1.5hgg)+min(cy,1.5hg)]
Anco = 9hgf =729.0 [in} D.5.2.1 (D-6)
Ane = Min (Ane, N Anco) = 12150 [in% D.5.2.1
Min edge distance Cmin = MiN( Cy, Cy, C3, C4) = 6.0 [in]
Eccentricity effects Ween = = 0.87 D.5.2.4 (D-9)
Edge effects Wegn = min[ (0.7+0.3Cmn/1.5hg), 1.0 ] = 0.83 D.5.2.5
Concrete cracking Wcn = 1.0 for cracked concrete D.5.2.6
Concrete splitting Wepn = 1.0 for cast-in anchor D.5.2.7
. A )
Concrete breakout resistance Ore Neng = e —Peen Pean Pon Poon No = 36.8 [kips] D.5.2.1 (D-5)
Nco
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 N, = 8 Apg e = 31.8 [kips] D.5.3.4 (D-15)
¢ 1cNpn = e PepNp =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 > T OK
Wp = 1 for cracked conc D.5.3.6
¢c = 0.70 pullout strength is always Condition B D.4.4(c)
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Side Blowout Resistance
Failure Along Pedestal Width Edge

along pedestal width edge Npuw
c
Check if side blowout applicable e
Check if edge anchors work as a S
a group or work individually
Single anchor SB resistance Orc Nsp
Multiple anchors SB resistance &t cNsbgw
work as a group - not applicable
work individually - not applicable
Seismic design strength reduction
ratio
Group side blowout resistance dr.c Nobg
Govern Tensile Resistance N,
Stud Shear Resistance dvs Vsa
Reduction due to built-up grout pads
ratio

Conc. Shear Breakout Resistance

Mode 2 Failure cone at back anchors

Vu
-
r 1
o /
O /
Lo /
_ /
& /
IS
Ci lSw l Cs
7T
de

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

=nmT: =187

=min (cq, C3) = 6.0

=9.0 [in]

< 2.5c side bowout is NOT applicable

= 0.0 [in] s=s, = 0.0

< 6C side bowout is NOT applicable

= 4. [160c (A, ) 2 |0 =00

= (L+s/ 6¢) X ¢ Nsp =00

= Npw X Ppc Ngp X [1+(Co 0r cg)/ €]/ 4 =0.0

= x 1.0 not applicable =0.0

= 0.00 < Nopuw

= i NSbﬂn( = 0.0
nTl

= min [ ¢ys Nt Nsay dre (Nevgs N Npny Nepg) ] = 36.8

= 0 us Ns Ase fura = 76.2

= x 1.0, not applicable =76.2

= 0.26 > Vy

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

Ci lSwl Cs
T 7T

N
S
Q \\
ok \ Cai
- \
<+ <~
O AN (@]
- N
C \
N V/2
- + A
© o~ o
sl e —] o
= 4 -
— ’ /2
g . Vy .
e L O
— 7
o
O
~——
=
-

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

[kips]

[kips]

[kips]

[kips]
oK

50f 6
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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Bolt edge distance Ca1

Bolt edge distance - adjusted Ca1
Co
1.5¢c,,
AVc
Avco
AVc
le
Vy
Eccentricity effects Weew
Edge effects Wedy
Concrete cracking Weu
Member thickness WYhy
Conc shear breakout
resistance Vebg2
Seismic design strength reduction
ratio
Conc. Pryout Shear Resistance
Kep
Factored shear pryout resistance  ¢,c Vepg
¢ 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
¢l,S Nsa

Ductility Shear
¢v,s Vsa

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

= =270
= No
= cal needs NOT to be adjusted =27.0
= 6.0
= 40.5
= [min(c,,1.5¢,) + S, + min(c,,1.5¢,,)] X = 1215.0
min(1.5c4,, hy)
= 4.5¢c,,° = 3280.5
=min (Aye, No Aveo) = 1215.0
= min(8d,, he) =70
0.2
= {s(c'j:j \/I} z\/f cl? = 106.7
= 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¢c,1 / hy) , 1.0] = 1.50
= Pe :i\{lec.v Weav Yeu Yoy Vo = 39.7
Vco
= x 1.0 not applicable = 39.7
= 0.50 >V,
=20
= {y,c Kep Nepg =73.6
= 0.70 pryout strength is always Condition B
= x 1.0 not applicable =73.6
= 0.27 >V,
= min [ ¢y sVsa, dve Veogr Vepg ) ] =397
Yes
NN, + VIV, =114
= 0.95 < 1.2
=293 [Kips]
> ¢ye Min (Nengs Nons Nepg) =223
Non-ductile
=76.2 [kips]
> dyc MiN (Vepg Vepg ) = 39.7
Non-ductile

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

[in]

[kips]

[kips]

[kips]
OK

[kips]

[kips]
oK

[kips]

OK

[kips]

[kips]

6 of 6
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.6.2.3 (D-25)

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.3.3.3

D.7.1&D.7.2
D.7.3 (D-32)
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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 her = 91N, Girder beyond
1 — Yo ‘
: T B
A § f ] |} 5
{ ”Eﬂ P | ;
{ 15in.x24in. square ¢ | ¥ q
7/8 in. diameter 15in i embedded plate i : ] %
welded headed —4- — = § i i | f i
studs -_‘-__‘ » ._I_. nm% ; i 2dy { m’hﬂ?ﬂgj_ﬂmmﬂcﬁ;
1 i I AN TN S CN NI G S -
NT=F{lve= || || [FTSI R
i | ) | [§ g
= L~ i R Ml %
= - e
#5 stirrups o * ? .mpgvmmd. o + . ..r. ' | =
@4in. o.c. | i (4 | g 5| g
— ] ; (Ve ) Mo E = xf—- & -
P il | 1 ! ¢
#otyp.—L L . . | | o %,.g,,,m..plmﬁ =
’ i = | g
Normalweight | | E i I i
c?nl:rete—_-”’" 1 i L&,j.-_r._ﬂ"..z.ﬁ.%_f._.g?é_ L
el ] i,,,, I 2 § | g
H‘suq i T ol g‘:-nm{uxs.u-\? = "ﬁn frn- PRI ! ©w
H i L i1l i il I
; NG o Sinwo | ] I
| L Bottom soffit of -2 In. typ. | 10.5in. ; 10.5 in. ! 6in
spandrel girder
18in.
My =40.7 kNm N, =0 kN, V=89 kN, fo' = 31 MPa
Anchor stud d;=7/8 in hef =229mm ha=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 Anc = 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 Anc value is consequently reduced.

2. Concrete shear breakout c,; 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<1.5ca; . Refer to ACI 318-11 Fig. RD.6.2.4 for more details.

2011-12-16 Rev 1.0.0 Page 120 of 155



CivilBay

www.civilbay.com

Design of Anchorage to Concrete Using ACI 318-08 & CSA-A23.3-04 Code

Dongxiao Wu P. Eng.

STUD ANCHOR 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 B for tension - no supplementary reinforcement provided

3. Shear load acts through center of bolt group .y =1.0

5. For anchor tensile force calc in anchor group subject to moment, assume the compression

rotation. This simplified approach yields conservative output

Anchor Stud Data

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. 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

resultant is at the outside edge of the compression flange and base plate exhibits rigid-body

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

PIP STE05121

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

D.7.2.5

D.4.1

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]
— . o —fe e o] —[e e oo
s |* s | RAREECIEE 5 -

Sbw‘ Sb2 | Sb1
St
4 BOLT LINE

1of6
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min required
Outermost stud line spacing s s; = 533 [mm] 89 OK
Outermost stud line spacing s» s, = 533 [mm] 89 OK
Internal stud line spacing Spp Sp1 = 267 [mm] 89 OK
Internal stud line spacing spp Sp2 = 0 [mm] 89 OK
Column depth d = 353 [mm]
Concrete strength fo =31 [MPa] =45
Anchor bolt material =| AWSD1.1 Grade B g
Anchor tensile strength fua = 65 [ksi] = 448
Stud is ductile steel element
Stud diameter dq =| 0.875 = | [in] =222
Stud shank area Ase = 0.60 [in] = 388
Stud head bearing area Apg = 0.88 [in?] = 570
min required
Anchor bolt embedment depth hes = 229 [mm] 267 Warn
Concrete thickness h, = 457 [mm] 305 OK
Stud edge distance ¢, ¢, = 152 [mm] 115 OK
Stud edge distance c, c, = 152 [mm] 115 OK
Stud edge distance c3 Cc; = 2540 [mm] 115 OK
Stud edge distance c, c, = 2540 [mm] 115 OK
¢; > 1.5h; for at least two edges to avoid reducing of hgs when N, > 0 Yes
Adjusted hg for design hes = 229 [mm] 267 Warn
Ny
)‘P\M min(c;, 1.5her) min(cs+sy,1.5her)
U
Vu [
1 -
P9
N N _ -7 2 :;
-~ \\\ /// \g/
= ~— /{r ‘e S
ol & &
—f— /
Ci l St l Cs & d g
O y A =
qd <
- Ci l St l Cs %
T T =
1S
de

[ksi]

[MPa]

[mm]
[mm?]

[mm?]

2 0of 6
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

A23.3-04 (R2010)
D.6.2.3
D.6.2.3
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No of stud at bolt line 1 n =3
No of stud at bolt line 2 n, =3
Total no of welded stud n==8
No of stud carrying tension n =5
No of stud carrying shear ng =

:I No =| ?

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

Supplementary reinforcement

For tension =| No = | Condition B
For shear Y.v =| 1.2 | Condition A

Provide built-up grout pad ? =| No L| ?

Strength reduction factors

Anchor reinforcement factor b0as = 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

30of6
Code Reference
A23.3-04 (R2010)

D.4.3.5
D.5.4 (c)

D.7.2.7
D.7.1.3

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 T, =277 [kN] No of stud for Tyny; = 3
T, = 11.0 [kN] No of stud for Tong, = 2
T3 = 0.0 [kN] No of stud for T3nyz = 0
Sum of stud tensile force Ny =2nT; =105.1
Tensile studs outer distance sy, Sy = 267 [mm]
Eccentricity e'y -- distance between resultant of tensile load and centroid of studs
loaded in tension ey =51 [mm]
Eccentricity modification factor Ween = # = 0.87
e
3hy
Stud Tensile Resistance Ng = Age s futa Ris = 118.2
ratio = 0.23 >T
Conc. Tensile Breakout Resistance
Ny =10 ¢, . hifR,, if h, <275 or h, > 625
3.9 ¢, \/f7 hy* R, if 275 <h, <625
= 1254
Projected conc failure area 1.5hg = 344
Ane = [Siprmin(cy,1.5hep)+min(cs,1.5hg)]x = 7.8E+05
[sotmin(c,,1.5he)+min(c,,1.5hg)]
Anco = 9 hef’ = 4.7E+05
Ane = Min (Aner Nt Anco) = 7.8E+05
Min edge distance Cmin = Min( cy, Cy, C3, C4) = 152
Eccentricity effects Ween =0.87
Edge effects Wean = min[ (0.7+0.3Cyin/1.5he), 1.0 ] =0.83
Concrete cracking Wcn = 1.0 for cracked concrete
Concrete splitting Wepn = 1.0 for cast-in anchor
Concrete breakout resistance Nepgr = Ane Ween Pean Yon Yoo Ny = 151.2
Nco
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 dc fe' Ric =919
Nepr = ¥ep Ny =919
Seismic design strength reduction x 1.0 not applicable =919
ratio = 0.30 > T,
Wp = 1 for cracked conc
R¢. = 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 0f 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.6.2.5
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.4.3.5

D.6.3.6
D.5.4(c)
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Side Blowout Resistance
Eailure Along Pedestal Width Edge
Tensile load carried by anchors close to edge which may cause side-face blowout
along pedestal width edge Npuw = N1 Ty = 83.0 [kN]
c =min(cy,C3) = 152 [mm]
Check if side blowout applicable hes = 229 [mm]
< 2.5c side bowout is NOT applicable
Check if edge anchors work as a S =0 [mm] s=s, =0 [mm]
a group or work individually < 6C side bowout is NOT applicable
Single anchor SB resistance Neprw = 13_3.:\/@ ¢, e Rie = 0.0 [kN]
Multiple anchors SB resistance Nsbgrw =
work as a group - not applicable = (1+s/ 6€) X Ngpr.w = 0.0 [kN]
work individually - not applicable = Npw X Ngprw X [1+(C Or c4)/ c] 1 4 =0.0 [kN]
Seismic design strength reduction = x 1.0 not applicable =0.0 [kN]
ratio = 0.00 < Npuw OK
Group side blowout resistance Ngpgr = NSbﬂnl = 0.0 [kN]
nTl
Govern Tensile Resistance N; = min (n; N, Nigr, Nt Nepr, Ngpgr ) =151.2 [kN]
Stud Shear Resistance Vsr = Ng Ase 05 fua Ry s = 3325 [kN]
Reduction due to built-up grout pads = x 1.0, not applicable = 3325 [kN]
ratio = 0.27 >V, OK
Conc. Shear Breakout Resistance
Only Case 2 needs to be considered when anchors are rigidly connected to the attachment
This applies to welded stud case so only Mode 2 is considered for shear checking
Mode 2 Failure cone at back anchors
Vu
-
g \\ Cal
: J =z S
3 / k=l N
f / Ef% + \kviu/z
£ e 8 3 Hﬁﬂ‘ 8
= / = V2
’ ~
= Ci ¢L St # C3 Lﬁ // -
de S ci lsi] o
< T T
€ de
Bolt edge distance Capt =C1+S; = 685 [mm]
Limiting c,; when anchors are influenced by 3 or more edges = No
Bolt edge distance - adjusted Ca1 = cal needs NOT to be adjusted = 685 [mm]

50f 6

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.7.1.3

ACI318 M-08

Fig. RD.6.2.1(b) notes

in Case 2

A23.3-04 (R2010)

D.7.2.4
D.7.2.4

2011-12-16 Rev 1.0.0

Page 125 of 155



CivilBay

www.civilbay.com

Design of Anchorage to Concrete Using ACI 318-08 & CSA-A23.3-04 Code

Dongxiao Wu P. Eng.

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

Ca
1.5c,
Ave
AVCO
Ave

Vbr

ll"ec,v
q"ed,v

l"’Jh,v

Vcbgr =

ratio

VCpgl’
RV.C

ratio

ratio

Non-ductile

152 [mm]
1028 [mm]
= [Min(C,,1.5C,) + S, + Min(Cs,1.5¢,)] X = 7.8E+05 [mm?]
min(1.5c,q, hy)
= 4.5C,° = 2.1E+06 [mm?
= min (AVcr nz AVco) = 7.8E+05 [mm2]
min( 8d, , het) = 178 [mm]
| 0.2
o.ee(diJ Jd, gAJf cIR,, =3522  [kN]
a
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¢c,; / h,) , 1.0] = 1.50
A
AVC \Pec,v LPed,V lFc,v \Ph‘v Vbr = 1748 [kN]
Vco
x 1.0 not applicable = 174.8 [kN]
0.51 >V, OK
2.0
= Kep Nepgr = 3024 [kN]
= 1.00 pryout strength is always Condition B
x 1.0 not applicable = 302.4 [kN]
0.29 >V, OK
Ng X 1.4 X ¢, X min(8d,, her) x d, x f¢' = 3344 [kN]
0.27 >V, OK
min ( Vsn Vcbgrv chgrv Br ) =174.8 [kN]
Yes
NU/N, + VIV, =1.20
1.00 > 1.2 NG
=118.2 [kN]
min (Ncbgrr Ncprv Nsbgr) =919 [kN]
Non-ductile
3325 [kN]
min (Vepgr, Vepgr Br ) = 1748  [kN]

6 of 6
Code Reference
A23.3-04 (R2010)
D.7.21

D.7.2.1 (D-24)
D.7.2.1
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 hd
Shear key width Shape w = 8.07 [in] Applicable
Shear key width used for design w = 8.07 [in]
Shear key embed depth d =80 [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 = 4482  [MPa]
Weld electrode = E70XX AISC 360-05
Electrode ultimate tensile Fexx = 70 [ksi] 70 = 482.7 [MPa]
Fillet weld leg size An =5 [1/26in] 5/16 =79 [mm]  Table J2.4
Vy
A e
N
N 7 % -
N ° RS [@))
_ © = [ ©
+ R ©
o < vu -3 -3 PR
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
Ay = wde =w (d-g) = 4842  [in}
Vy = 1.3 1 Ay =184.1  [kips] D.4.6.2
ratio = 0.41 > Vi 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]
At = [ e +(d-g) ] x b - wx(d-g) = 4293  [in?
WV = agt 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
Mux = Vux X[ 0.5x(d-g) + g ] = 375.0 [Kip-in]
Z=wxt/4 =315 [in%]
Flexure oM, = 0.9XZxF, =141.9 [Kip-in]
ratio = 0.00 < My OK
Shear ¢V, = 0.9xA, x0.6F, = 2724 [Kips]
ratio = 0.00 > Vg OK
Shear Key Pipe Sect This case does not apply
Mux = Vux X[ 0.5x(d-g) + g ] = 375.0 [kip-in]
zZ= = 0.00 [in%]
Flexure dM, = 0.9xZxF, = 0.0 [kip-in]
ratio = 0.00 < My OK
Shear Ay = =0.000 [in}
¢V, = 0.9xA, 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
My = Vi X[ 0.5x(d-g) + g ]

Z =
dM, = 0.9xZxF,
ratio = 0.00

A, =
¢V, = 0.9xA, x0.6F,
ratio = 0.00

This case applies
Mux Vux X [ O.Sx(d-g) +9 ]
Zy =
dMp = 09xZ,xF,

ratio = 0.21

My = Vi X [0.5x(d-g) +g]

Z, =
dM,, = 09xZ,xF
ratio = 0.30

by = 8.07 fin]
t, = 0.360  [in]

Shear Key To Base Plate Fillet Weld

A, = t,xd
¢ Vix = 0.9 X A, x 0.6F,
ratio = 0.94
A, = 2xtxby
¢ Vpy = 0.9x A, x 0.6F,
ratio = 0.20
0 =
Fuw = 0.6 Fexy (1.0+0.5 sin™%0)
¢ = 0.75

Oy = 0 (0.707 X Ap ) X Fy

not applicable

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

dry = min(dry, ¢ryz)

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

= 8.25
= 0.560
=297
= 80.2
> Vi

= 9.04
= 244.0

> 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]

[in’]

[Kip-in]
OK

[kip-in]

fin’]

[kip-in]
OK

fin]
fin]
[in*]
[kips]
OK

[in’]
[kips]
OK

AISC 360-05
Eq J2-5

[deg]
[kips]

[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 = Vix X[ 0.5x(d-g) + g ]
Muy = Vuy x[0.5x(d-g) + g ]

Shear Key Plate This case does not apply
s =t+ (1/3) A, x2
fo = My / (Sxw)
fv = Vil (Wx2)
fr = \//flz + fvz

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 =
fo = My/ (x D? 14)
fy = Vix [ (tDx 1)
fo = ‘\fg +f2

ratio = 0.00

Shear Key HSS Sect This case does not apply

Weld box width/depth b =8.07 [in]
fi = My / (bd + d%3)
fu = Vux [ (2xd)
o= Jfe+ i

ratio = 0.00

Shear Key W Sect This case applies
b =8.07 [in]

Strong Axis fo = My / (bxd)
fy = Vi / (2xd)
fr= fe+f

ratio = 0.69

Weak Axis fi = My / [(1x0%/6) x 4]
fy = Vi / (4xb)
fr= fe+f]

ratio = 0.57

= 375.0
250.0

1.458
0.00
0.00
0.00

<¢m

= 8.07
= 0.00
= 0.00
= 0.00

<¢m

= 0.00
0.00
0.00
0.00

=8.25
= 5.63
=455
=7.24

<ém

5.76
1.55
5.96

< ¢m

[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

4 of 4
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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

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

CSA S16-09 Design of Steel Structures

Dongxiao Wu P. Eng.

Code Abbreviation
ACI 349M-06

AISC Design Guide 1
CSA S16-09

Code Reference

deg J[b

INPUT DATA
Factored shear along strong axis Vix = 333.6 [kN]
Factored shear along weak axis Vy = 222.4 [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 ﬂ | W200x59 ﬂ
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 Fy, =345 [MPa] 300 = 50.0 [ksi]
Fy, = 448 [MPa] 450 = 65.0 [ksi]
Weld electrode =| E49XX i Xy = 490 [MPa]
Fillet weld leg size D=8 [mm]
Vg
A
N
27277
_ o7 © [
+ S
© < vU /\o /E -
o = il = {45
Q; G; ///4\
|| | £ 7 t
~ c c . S
/
//% %
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

Ay
Vi

ratio

Aeff
Vi
ratio

wde = w (d-g)
1391 Ay
0.41
0.65

0.5x(d. -t)
min(e , hy)
[e +(d-g) ] x b - wx(d-g)

=4t Ay

Shear Key Section Flexure & Shear Check

0.81
0.80

This case does not apply

MUX
Z

¢ My
ratio
¢ Vi
ratio

Vuxx[0.5x(d-g) + 9]
wxt*/4
0.9XxZxF,

0.00

0.9 x A, x 0.6F,
0.00

This case does not apply
My = Vi X[ 0.5x(d-g) + g ]

z

o M,
ratio
Ay
LA
ratio

09 XxZXxF,
0.00

0.9 x A, x 0.6F,
0.00

ratio

ratio

ratio

ratio

ratio

=0.94

=041
=081

= 0.94
=0.79

= 31242
= 8184

> Vi

for anchor controlled by concrete bearing

= 314

= 314

= 2.8E+05
= 409.6
>V,

42.4
525
= 16.3
< My

1

= 12221

=424
= 0.0
0.0

1
o

= 0.0
< Vi

20f4
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.112
oK
D.4.4 (f)

[kNm]
[x10°mm?]
[kNm]

OK
[kN]

OK

[kNm]
[x10°mm?]
[kNm]

OK
[mm?]
[kN]

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

Base metal resistance

Weld metal resistance

Fillet weld resistance - shear

This case does not apply
My = Vi X[ 0.5x(d-g) + g ]

Z =
dM, = 0.9xZxF,
ratio = 0.00

A, =
oV, = 0.9xA, x0.6F,
ratio = 0.00

This case applies
Mux Vux X [ O.Sx(d-g) +9 ]
Zy =
dMp = 09xZ,xF,

ratio = 0.21

My = Vi X [0.5x(d-g) +g]

Z, =
dM,, = 09xZ,xF,
ratio = 0.30

b = 205.0 [mm]

ty = 9.1 [mm]
A, = t,xd
¢ Vox = 0.9 x A, x0.6F,
ratio = 0.94
A, = 2xtxby

¢ Vi = 0.9x A, x 0.6F,
ratio = 0.21

Shear Key To Base Plate Fillet Weld

An = Dx1mm
0.67 oy A Fy
¢y = 0.67

<
3
1

Ay = 0.707 x D x Imm

Vo = 0.67 ¢y Ay X, (1+ 0.5 sing ~1.5)

Ve = Min( Vi, Vi )

t

=424
=0.0
0.0
< My

1
o

= 0.0
< Vi

=424
= 653
= 202.8

> Myy

= 210.0
=142

1911
356.0
> Vi

5822
1084.6
>V

uy

8.00
161

= 5.66
=90

=1.87
=161

Code Reference

[kNm]
[x10°mm?]
[kNm]

OK
[mm?]
[kN]

OK

[kNm]
[x10°mm?]
[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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Code Reference
Factored moment to base plate My = Vi X[ 0.5x(d-g) + g ] =424 [kNm]
My = Vi x[0.5x(d-g) + g1 =28.2 [kNm]
Shear Key Plate This case does not apply
s =t+(1/3)Dx2 =373 [mm]
fo = My / (Sxw) = 0.00 [kN/mm]
fy = Vux [ (WX 2) = 0.00 [kN/mm]
2h £l = 0.00 [kN/mm]
ratio = 0.00 <or, OK
fy fy

Force on Shear Key Plate Weld

Shear Key Pipe Sect This case does not apply
Weld ring diameter D = = 205.0 [mm]
fo = My/ (x D? 14) = 0.00 [kN/mm]
fy = Vix /[ (tDx 1) = 0.00 [kN/mm]
= N+ =000  [kN/mm]
ratio = 0.00 <ory, OK
Shear Key HSS Sect This case does not apply
Weld box width/depth b = 205.0 [in] d = 205.0 [mm]
fo = My / (bd + d%/3) = 0.00 [kN/mm]
fy = Vux ! (2xd) = 0.00 [kN/mm]
o=+ R =000  [kN/mm]
ratio = 0.00 <or, OK
Shear Key W Sect This case applies
b = 2050 [in] d =2100 [mm]
Strong Axis fo = My / (bxd) = 0.98 [kN/mm]
f, = Vi / (2xd) =0.79 [kN/mm]
fo= JiZ+15 =1.26 [kN/mm]
ratio = 0.79 <ory, OK
Weak Axis fi = My, / [(1xb?/6) x 4] =1.01 [KN/mm]
fy = Vi ! (4xb) =0.27 [kN/mm]
fo= Jfa+15 = 1.04 [kN/mm]
ratio = 0.65 <ory, OK
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Example 51: Base Plate (LRFD) & Anchor Bolt (ACI 318-08) Design With Anchor Reinforcement

Base Plate Data

Column section type

Column size

Depth

Flange width

Base plate anchor bolt pattern

Base plate anchor bolt location

BASE PLATE & ANCHOR BOLT DESIGN - MOMENT CONNECTION

=| W_Shape -

=| w14xs3
d =13.900 [in]
br = 8.060 [in]

=]
Flange thickness t; = 0.660 [in]
Web thickness t, = 0.370 [in]

| 40r6-Bot MCWF |

? base plate is moment connection

Factored column load

B B
C C
(S2) (S2)
7
: +
= <f -+ -+ =
o +
2-BOLT PIN 4-BOLT PIN
Base plate width B =22.0 [in]
Base plate depth N = 22.0 [in]
Base plate thickness t, = 2.00 [in]
Anchor bolt spacing s, =C C =18.0 [in]
Anchor bolt spacing s; =D D = 18.0 [in]
S
f
d
i i -
\ \
s & [ T
bl ‘;, ¥
\ \
m 1 0.95d 1 m
N fo
BASE PLATE GEOMETRIC
Bolt to column center dist. f =90 [in]
Bolt to column web center dist. fi =9.0 [in]

| Bolt Outside Flange Only

~ 2
B B
C
(S2)
+ +
=z| o|g z| o5
+ + +
4 or 6-Bolt MC WF 4 or 6-Bolt MC HS
suggest
15.0
21.0
1.75
11.0
17.0
f
RS *
LT
AN .
morn SLiJ ‘¢’ U#
a beff

Suggested plate thickness for rigidity: t, = max. of m/4 and n/4

=

BASE PLATE SUBJECT TO TENSILE LOAD

No «| ?

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

2011-12-16 Rev 1.0.0

Page 135 of 155



CivilBay

www.civilbay.com

Design of Anchorage to Concrete Using ACI 318-08 & CSA-A23.3-04 Code

Dongxiao Wu P. Eng.

Anchor Bolt Data

52
-

Anchor bolt material

Anchor tensile strength

Anchor bolt diameter
Bolt sleeve diameter

Bolt sleeve height

Pedestal height
Pedestal width
Pedestal depth

2 BOLT LINE

No of bolt line for resisting moment

No of bolt along outermost bolt line
Outermost bolt line spacing s1
Outermost bolt line spacing s»

Internal bolt line spacing sp1

Internal bolt line spacing sp»

Anchor bolt embedment depth

SY)

S1
S2

Sh1

Sh2

futa

e

-

. -

. -

5 BOLT LINE

3 BoltLine -

=3
min required
= 18.0 [in] 35
= 18.0 [in] 35
=9.0 [in] 35
=0.0 [in] 35
=| F1554 Grade55 v |
= 75.0 [ksi]

Anchor is ductile steel element

=| 0875 =

=20
=70

= 20.0
= 23.0
=124.0
=124.0

[in]
[in]

(in]
(in]
(in]
(in]

[in] max1.51in

min required
10.5
23.0

RY)

Code Reference

4 BOLT LINE

OK
OK
OK

OK

=517

=222

OK
OK

[MPa]

[mm]

PIP STE05121
Page A -1 Table 1

ACI 318-08

D.1

PIP STE05121
Page A -1 Table 1

Page A -1 Table 1

20f4
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Code Reference
Bolt edge distance ¢, c; = 6.0 [in] 5.3 OK PIP STEO05121
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 ¢, ¢, = 100.0 [in] 5.3 OK
4@? <=min(05C1,03C2) <=min(0.5C1,0.3C2)
o _ 9 \ 3\ [ @ )\ ﬁ_a
// | AX \\\ 8 E >:' 8 >:~ 8
/ L L] \| — K [ ] i L i — [ ] L —
Q | el S o S ° o & S
bl O S e Y | /'—“\ —k
N e S 35° S L} 3s° S
I o o J 9 o o 9/
Cy4 ‘Sz‘ C2 C4 ‘Sz C2 C4 132 C2
N
be be be
Ver. Reinft For Tension Hor. Ties For Shear - 4 Legs Hor. Ties For Shear - 2 Legs
Ny
N
Mu
<V
S d
r 1 ‘ ‘
P ¢ + +
N o
o AN s O » % [an]
J = N e TR
= o
© dm
Ci lSwl Cs Ci St i C3
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.
0.5he = 8.0 [in]
No of ver. rebar that are effective for resisting anchor tension n, =6
Ver. bar size No. 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¢,, 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 - l: 0.500 [in] dia single bar area A; = 0.20 [in%
For anchor reinft shear breakout strength calc | 100% hor. tie bars develop full yield strength L| ?
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40f4
suggest -

(@}
Concrete strength fo =45 [ksi] 4 . ‘r:‘[ﬂbd A
Rebar yield strength f, = 60.0 [ksi] 60 L ol S
Base plate yield strength F, = 36.0 [ksi] 36 M@ O

(@}
Total no of anchor bolt n==8
No of anchor bolt carrying shear ng =8 C4 1 S2 1 C2
For side-face blowout check use be
No of bolt along width edge Npw = 3
No of bolt along depth edge oy = 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 = 1.188  [in}
Abrg [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 = No =| ? D.3.3.3
Provide built-up grout pad ? = Yei*|? 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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1of6

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 b = 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 B
C C C C
A S & + 4+ o+
SR R AN e | -
—+ - -
+ e
2-BOLT PIN 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, = 2.000 [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 %
] i - RS * Ad
P T 3 L]
= — BV I
< mert 3 |« & | e
m | 095d | m = Det
N S
BASE PLATE GEOMETRIC BASE PLATE SUBJECT TO TENSILE LOAD
suggest
Bolt to column center dist. f=9.0 [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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20f 6

Factored column load

LCB Cases P, [kips] My [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=38

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 [in2]

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 ¢, = 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 T = ¢ s Nt Asefuta = 129.9 [kips] D.5.1.2 (D-3)
ds = 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 =778 [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 -0.95hby) /2 =717 [in]
HSS Round Shapes m = (N-0.8d)/2 = 5.44 [in] 3.1.3 on Page 16
n = (B -0.8b)/2 = 5.44 [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  [in]
Pedestal area A, = bexd, = 15376.0 [in
ACI 318-08
k = min [ sqrt(A)/A;), 2] = 2.000 10.14.1
0cPn = ¢.0.85 f.' As k = 2406.7 [kips] 10.14.1
> P, OK
LCB1: Axial Compressive AISC Design Guide 1
x = 2db; Py 0.039 3.1.2 on Page 16
=3 o =0. .1.2 on Page
(d+by )2 ¢.Py 9
— m|n( & 1 ) =02
A =M ax =0
An' = A sqrt(dxby) /4 = 0.53 [in]
For W shape L = max (m, n, An") =7.78 [in] 3.1.2 on Page 15
For HSS and Pipe L = max (m, n) =7.78 [in] 3.1.3 on Page 16
L value used for design L= 7.78 [in]
=L | 2P =088  [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

If Y<m

Base Plate B x N OK

LCB2: Axial Compression + Moment

P, = 0.1
e = M,/P,
fomax) = ¢c 0.85 fc' k

[kips]

Omax = fp(max))< B
€crit = N/2- Py / (20mad)

e > €qit

This case does not apply

Y =N-2e
q=P,/Y
fo = Pu/BY
m = max(m , n)

teqr = 1.49m sqrt(f, / Fy)

w(mg)
toge = 2.0/ ————=2

Fy

tmin = max ( treql| treqz )

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

var, > var,

Y =
Tu = AmaxY - Py
ratio = 0.14
x =f-d2+t/2
foqe = 211 | 10X
BFy
m = max(m, n)
treqp = 1.49m sqrt( fymax / Fy)
Y
fp(max) Y(m _E)
treq—b =214 —

y

tmin = mMax ( treq—tr treq—b )

2
N N} 2P, (e+f)
(143 [142) e

M, = 30.0
3600.00
4.97
109.40
11.00

Large moment case applied

0.00
0.00

Amax

0.00
7.78
0.00

= 0.00

= 0.00

= 400

=0.17

= 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]
Lin]
(in]
(in]
[in’]

[in’]
oK

[in]

[kips]

OK

[in]

[in]

[in]

[in]

[in]

[in]

4 0f 6

Code Reference

AISC Design Guide 1

Eg. 3.3.14a-1

Eg. 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

2011-12-16 Rev 1.0.0

Page 142 of 155



CivilBay

www.civilbay.com

Design of Anchorage to Concrete Using ACI 318-08 & CSA-A23.3-04 Code

Dongxiao Wu P. Eng.

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

If Y<m

Base Plate B x N OK

LCB3: Axial Compression + Moment

Py 15.0
e = M,/Py
fomax) = #.0.85 'k

[kips]

Omax = fp(max))< B
N/2 - Py 1 (20max)

€erit

e > €qit

This case does not apply

Y =N-2e
q=P,/Y
f, = Pu/IBY
m = max(m, n)

teqr = 1.49m sqrt(f, / Fy)

w(mg)
toge = 2.0/ ————=2

Fy

tmin = max ( treql| treqz )

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

var, > var,

Y =
Tu = AmaxY - Py
ratio = 0.08
x =f-d2+t/2
foqe = 211 | 10X
BFy
m = max(m, n)
treqp = 1.49m sqrt( fymax / Fy)
Y
fp(max) Y(m _E)
treq—b =21y ——

y

tmin = mMax ( treq—tr treq—b )

2
N N} 2P, (e+f)
(143 [142) e

Large moment case applied

30.0
24.00
4.97
109.40
10.93

0.00
0.00

Amax

0.00
7.78
0.00

1

= 0.00

= 0.00

= 400

=0.23

= 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]
Lin]
(in]
(in]
[in’]

[in’]
oK

[in]

[kips]

OK

[in]

[in]

[in]

[in]

[in]

[in]

50f 6

Code Reference

AISC Design Guide 1

Eq. 3.3.14a-1

Eg. 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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6 of 6
LCB4: Axial Tensile

Factored tensile load Py = = 10.0 [kips]
For base plate subject to tensile force only ACI 318-08
Anchor rod tensile resistance T = ¢is N Asefuta = 207.9 [kips] D.5.1.2 (D-3)
ds = 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==8
Bolt to column center dist. f =090 [in]
Bolt to column web center dist. f, =9.0 [in]
Each bolt factored tensile load T, =13 [kips]
f
d %
ol e | = HHRINE
- [ — 21 (]
| I = Iyl oz
. - mor 3« e e
o be
m | 095d | m S 4
N I
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 bt = 2xa = 4.76 [in]

. . 4 M, )
Base plate required thickness th = |——— =0.28 [in]

beﬂ ¢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 bt = 2xa = 17.63 [in]

. . 4 M, )
Base plate required thickness to = [ ——— = 0.00 [in]

ey ¢ Fy
tmin = Max (tpy, ty2) =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 =| waeox79 -]
Depth d = 354.0 [mm]  Flange thicknesst; = 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 j ? base plate is moment connection
Base plate anchor bolt location = | Bolt Outside Flange Only ﬂ ?
B B B B
C C C
(S2) (S2) (S2)
o 4
.
L |+
= (f -+ 4 =| olh = =
o Sl I
5
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
N le | - s "
= SRS SARSES g
S s \ | 2| @ I U
(=) N 7 —
Pl ———— - 1 S % A o
B e [ ¥ e
- De
m 1 0.95d 1 m - -
N fo
BASE PLATE GEOMETRIC BASE PLATE SUBJECT TO TENSILE LOAD
Bolt to column center dist. f =229 [mm]
Bolt to column web center dist. f; = 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] My [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 445 155.7 0.0
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20f4
Code Reference
Anchor Bolt Data

S2
23
+

Sb1| Sbz | So1
St
2 BOLT LINE S5 BOLT LINE 4 BOLT LINE
No of bolt line for resisting moment =| 3BoltLine =
No of bolt along outermost bolt line =3
min required
Outermost bolt line spacing s1 S = 457 [mm] 89 OK PIP STEO5121
Outermost bolt line spacing s» S, = 457 [mm] 89 OK Page A -1 Table 1
Internal bolt line spacing sp1 Sp1 = 229 [mm] 89 OK
Internal bolt line spacing sp» Sp2 =0 [mm] 89 OK
Anchor bolt material =| F1554 Grade 55 ﬂ
Anchor tensile strength fua = 75.0 [ksi] = 517 [MPa] A23.3-04 (R2010)
Anchor is ductile steel element D.2
Anchor bolt diameter d, =| 0875 = [in] max1.5in =222 [mm]  PIP STE05121
Bolt sleeve diameter ds =51 [mm] Page A -1 Table 1
Bolt sleeve height hs = 178 [mm]
min required
Anchor bolt embedment depth hes = 508 [mm] 267 OK Page A -1 Table 1
Pedestal height h, = 584 [mm] 584 OK
Pedestal width b, = 3150 [mm]
Pedestal depth d. = 3150 [mm]
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3of4
Code Reference
Bolt edge distance ¢, c; = 152 [mm] 135 OK PIP STEO05121
Bolt edge distance c, c, = 152 [mm] 135 OK Page A -1 Table 1
Bolt edge distance c; c; = 2540 [mm] 135 OK
Bolt edge distance ¢, c, = 2540 [mm] 135 OK
<@§i <=min(0.5C1,0.3C2) <=min(0.5C1,0.3C2)
T _1 79 \ ) S £ S o 9
// ~ S 2 S 2 S
Q\ Q)
/ . [ \| —K ] i . — . . —
] | S o S ° oo & S
— ] 1 . / \ I
N i S 35° S L} 3s° S
O I \ \C ), ) \C o o))
C4 ‘Sz‘ C2 C4 S2), C2 C4 ‘Sz C2
I I I I
b be be
Ver. Reinft For Tension Hor. Ties For Shear - 4 Legs Hor. Ties For Shear - 2 Legs
Ny
N
n Mu
<V
S d
s 1
P ¢ + +
N o
o AN i O » H:H [an]
(s} - \\ 3/// T ‘» +
-~ = ~
© dm
Ci lSwi Cs3 Ci1 St l C3
T T T T
de de
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, =6
Ver. bar size dy=| 256 = 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( 0.5c¢,, 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 My =| 2 *|7?
Tie bar size dy=| 15 = single bar area A; = 200 [mm?]
For anchor reinft shear breakout strength calc | 100% hor. tie bars develop full yield strength L| ?
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Provide built-up grout pad ?

CONCLUSION
OVERALL

BASE PLATE

Base Plate Size and Anchor Bolt Tensile

Base Plate Thickness

ANCHOR BOLT

LCB1 Axial Compression

Abchor Rod Embedment, Spacing and Edge Distance
Min Rquired Anchor Reinft. Development Length
Overall Ratio

LCB2 Axial Compression + Moment

Abchor Rod Embedment, Spacing and Edge Distance
Min Rquired Anchor Reinft. Development Length
Overall Ratio

LCB3 Axial Compression + Moment

Abchor Rod Embedment, Spacing and Edge Distance
Min Rquired Anchor Reinft. Development Length
Overall Ratio

LCB4 Axial Tensile

Abchor Rod Embedment, Spacing and Edge Distance
Min Rquired Anchor Reinft. Development Length

Overall Ratio

suggest
Concrete strength fo =31 [MPa] 30
Rebar yield strength f, = 414 [MPa] 400
Base plate yield strength F, = 248 [MPa] 300
Total no of anchor bolt n=28
No of anchor bolt carrying shear ng =8
For side-face blowout check use
No of bolt along width edge Npw = 3
No of bolt along depth edge Nyg = 3
Anchor head type =| Heavy Hex ﬂ ?
Anchor effective cross sect area Ase = 0.462 [in?] =
Bearing area of head Apg = 1.188 [in?] =
Abrg [in?] not applicable
Bolt 1/8" (3mm) corrosion allowance =| No ﬂ ?
Provide shear key ? =l No =| ?
Seismic region where IgF,S;(0.2)>=0.35 =l No =| ?

ratio =

ratio =

ratio =

ratio =

ratio =

ratio =

ratio =

ratio =

ratio

ratio

4 of 4
S
. ‘r:)‘/mbd N
o ol S
Nbw -
O
C4 1321 C2
be
Bolt No Input for Side—Face
Blowout Check Use
298 [mm?]
766 [mm?]
Code Reference
A23.3-04 (R2010)
D.4.35
D.7.1.3
0.94 OK
OK
0.52 OK
OK
0.94 OK
0.29 OK
OK
0.94 OK
0.57 OK
OK
0.94 OK
0.49 OK
OK
= 0.94 OK
= 0.68 OK
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BASE PLATE DESIGN

Base plate design based on

DESIGN DATA
Column section type
Column size

Depth

Flange width

Base plate anchor bolt pattern

W_Shape
W360x79
d = 354.0 [mm]
b = 205.0 [mm]

4 or 6-Bolt MC WF

AISC Design Guide 1: Base Plate and Anchor Rod Design 2nd Edition
CSA-A23.3-04 (R2010) Design of Concrete Structures Annex D
ACI 318M-08 Metric Building Code Requirements for Structural Concrete and Commentary

Flange thickness t;
Web thickness t,

1of6

Code Abbreviation
AISC Design Guide 1
A23.3-04 (R2010)
ACI318 M-08

= 16.8
=94

[mm]
[mm]

base plate is moment connection

B B B
C C C C
oy + + 4+ o+
—+ |+
= RS -+ = QE = o = o
& # # #
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
f
d ﬁ
] | - 5| | e T *
B — = (]
| I & ] -
- i IR R
o De
m | 095d | m - .
N fo
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. f, =229 [mm]  228.6 mm
Pedestal width b, = 3150 [mm]  >=724 mm
Pedestal depth d. = 3150 [mm]  >=724 mm
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20f 6

Factored column load

LCB Cases Py [kN] My [kKNm] [ 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 445 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=38

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 Ase = 0.462  [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 ¢s = 0.85 8.4.3 (a)
Base plate bending ¢, = 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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3of 6
DESIGN CHECK
Code Reference
For base plate subject to large moment A23.3-04 (R2010)
Anchor rod tensile resistance T = niAse 05 fua Res = 524.0 [kN] D.6.1.2 (D-3)
Ris = 0.80 for ductile steel in tension D.5.4(a)
W Shapes m = (N-0.95d)/2 = 111.3 [mm]  AISC Design Guide 1
n = (B -0.8by)/2 =197.4 [mm]  3.1.2 on Page 15
HSS Rectangle Shapes m = (N-0.95d)/2 = 111.3 [mm]  3.1.3 on Page 16
n = (B -0.95by) /2 = 182.0 [mm]
HSS Round Shapes m = (N-0.8d)/2 = 137.8 [mm]  3.1.3 on Page 16
n = (B -08by)/2 = 137.8 [mm]
m value used for design m = = 111.3 [mm]
n value used for design n = = 1974 [mm]
Suggested plate thickness for rigidity: t, = max. of m/4 and n/4 =494 [mm]
Base plate area A; =BxN = 3.1E+05 [mm?]
Pedestal area A, = boxd, = 9.9E+06 [mm?|
A23.3-04 (R2010)
k = min [ sqrt(A)/A;), 2] = 2.00 10.8.1
ocPn = ¢.0.85 f.' As k = 10696.4 [kN]
> P, OK
LCB1: Axial Compressive AISC Design Guide 1
x =24 Py 0.039 3.1.2 on Page 16
=7 o =0. .1.2 on Page
(d +by )2 4P, 9
— m|n( & 1 ) =02
A =M amx =0
An' = A sqrt(dxby) / 4 =134 [mm]
For W shape L = max (m, n, An") =197.4 [mm]  3.1.2 on Page 15
For HSS and Pipe L = max (m, n) =197.4 [mm]  3.1.3 on Page 16
L value used for design L= 197.4 [mm]
t, =L _2R =223 [mm]
# 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

If Y<m

Base Plate B x N OK

LCB2: Axial Compression + Moment

P, =01 [kN]
e = M,/ Py
fomax) = ¢ 0.85 f.' k
Omax = fpmax X B
€cit = N/I2 - Py / (20max)

e > Egit

This case does not apply

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

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

wY(m-3)
=211 2/

Fy

treq

treqe

tmin = Max (teq, treqz )
This case applies

var; = (f+ N/2)"2

var, = 2P, (e+f) / Qmax

var, > var,

Y =
Tu = AmaxY - Py
ratio = 0.15
x =f-d2+t/2
foqe = 211 | 1w
BFy
m = max(m, n)
treqp = 1.49m sqrt( fymax / Fy)
Y
fp(max) Y(m _E)
treq—b =21y ——

y

tmin = mMax ( treq—h treq—b )

2
N N} 2P, (e+f)
(13« [1+2) e

Large moment case applied

40.7
407000
34.3
19142
279.4

0.0

qmax

0.0

197.4

0.0

0.0

0.0

258064
4255

=4.2

80.4

60.0

12.4

197.4

0.0

22.5

22.5

[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 0f 6

Code Reference

AISC Design Guide 1

Eqg. 3.3.14a-1

Eg. 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

If Y<m

Base Plate B x N OK

LCB3: Axial Compression + Moment

PU

e
fomax)
qmax
Eerit

e

66.7
=M, /P,
= $.0.85 f' k

= fomay X B

N/2 - Py / (20max)

[kN]

> €t

This case does not apply

Y
q

treql

trqu

tmin

=N-2e
=P,/Y

= P,/BY

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

wY(m3)
=211 2/

Fy

1

= max ( treql| trqu )

This case applies

var;
var,

var,

treq—t

treq—b

treq—b

tmin

= (f+ N/2)"2
= 2Py (e+f) / Omax

> var,

Large moment case applied

(3 ()

= QmaxY - Py
= 0.08

qmax

fod2+t/2

T, X
BFy

=211

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

Y
fp(max) Y(m - E)

y

=211

= max ( treq-ts treqb )

2P (e+1)

40.7
610
34.3
19142
271.7

0.0

qmax

0.0

197.4

0.0

0.00

0.0

258064
5846

=58

441

60.0

9.2

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]

50f 6

Code Reference

AISC Design Guide 1

Eqg. 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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6 of 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, = n Age s fua 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=38
Bolt to column center dist. f =229 [mm]
Bolt to column web center dist. f, = 229 [mm]
Each bolt factored tensile load T, =5.6 [kN]
f
d %
ol e | = HHRINE
- [ — 21 (]
| I = Iyl oz
. - Moy i€ e e
o be
m | 095d | m S 4
N I
BASE PLATE GEOMETRIC BASE PLATE SUBJECT TO TENSILE LOAD
Bending to Column Flange
Moment lever arm a =60 [mm]
Moment to column flange M, = 0.3 [kNm]
Effective plate width bt = 2xa =120 [mm]
. . 4 M,
Base plate required thickness th = |/ — =71 [mm]
beﬂ ¢b Fy
Bending to Column Web
Moment lever arm a =224 [mm]
Moment to column flange M, = 1.2 [kNm]
Effective plate width bt = 2xa = 448 [mm]
. . 4 M,
Base plate required thickness to = [——— =0.0 [mm]
ey ¢ Fy
tmin = Max ( tp1, tpz) =71 [mm]

Anchor Bolt Tensile OK
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