REFERENCES CALCULATIONS RESULTS

SkyCiv Base Plate and Anchor Rod Design
Shear and Compression Design Example for AISC

Project Information:
Design Code: AISC 360-22/360-16 (LRFD) and ACI 318-19

Load Combinations:

Load Combination | Axial Load, Nx (kip) | Strong-axis Shear, Vy (kip) | Weak-axis Shear, Vz (kip)

1 25.00 3.00 1.00

Note(s):

1. Positive Nx (+) indicates compression; negative Nx (-) indicates tension.

2. Shear forces are assumed to be distributed to all anchors in the base plate.

3. Engineering methods other than welded plate washers are assumed to be used to distribute shear forces.

Column Properties:

£
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S
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Symbol Description Value
Section | Column section HSS6x0.312
deol Column outside diameter 6.000 in
teol Column thickness 0.291in
Acor Column area 5.220in2
0, col Column yield stress (A36) 36.000 ksi
Fy_cot | Column tensile stress (A36) 58.000 ksi
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Base Plate Properties:
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12.0in
Symbol Description Value
By, Base plate width 12.000 in
Ly, Base plate length 12.000 in
top Base plate thickness 0.500 in
Ay Base plate plan area 144.000 in?
Fypp Base plate yield stress (A36) 36.000 ksi
Fu,bp Base plate tensile stress (A36) 58.000 ksi
tgrout Grout thickness 0.750 in
Concrete Properties:
=
o
)
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I 1
13.0in
Symbol Description Value
Beone | Concrete width 13.000 in
Leone | Concrete length 13.000 in
teone Concrete thickness 8.000 in
Acone Concrete plan area 169.000 in2
fe Concrete compressive strength (3000) 3.000 ksi
A Factor for normal-weight concrete 1.000
— Concrete assumption: cracked or uncracked Cracked
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Anchor Information:
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Symbol Description Value
dy Anchor rod diameter 0.500 in
heg Anchor rod effective embedment length 5.000 in
bembed_plate | Anchor embed plate side dimension 2.500 in
tembed_plate | Anchor embed plate thickness 0.250 in
Fy anc Anchor rod yield stress (A325) 92.000 ksi
Fy anc Anchor rod tensile stress (A325) 120.000 ksi
Fyep Embed plate yield stress (A36) 36.000 ksi
tow Plate washer thickness 0.000 in
Anchor Layout:
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Symbol Description Value
Ng Total number of anchor rods 4.000
S, Spacing of anchor rods along Z-axis 8.000 in
Sy Spacing of anchor rods along Y-axis 8.000 in
le,igﬁ_: Base plate edge distance along Z-axis [ 2.000 in
Ledge of Base plate edge distance along Y-axis | 2.000 in
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Anchor Data Summary:
ID Z (in) Y (in)
1 4.000 4.000
2 -4.000 4.000
B -4.000 -4.000
4 4.000 -4.000
ID Anchor in Breakout | Side-Face Side-Face
Tension Zone | (Tension) (Y-direction) (Z-direction)
1 v BO Group 1 N/A N/A
2 v BO Group 1 N/A N/A
3 v BO Group 1 N/A N/A
4 v BO Group 1 N/A N/A
ID Shear Direction Breakout Breakout Pryout Pryout
Resisted (Vy Shear) | (Vz Shear) | (Vy Shear) | (Vz Shear)
1 All Load Directions Single Single PO Group 1 | PO Group 1
2 All Load Directions Single Single PO Group 1 | PO Group 1
3 All Load Directions Single Single PO Group 1 | PO Group 1
4 All Load Directions Single Single PO Group 1 | PO Group 1
Weld Properties:
Symbol Description Value
Type | Weld Type Fillet
w Fillet weld size 0.250 in
E, Weld throat 0.177 in
Foa Filler metal classification strength (E70xx) | 70.000 ksi
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Summary of Detailing Checks

Check Name Dimensions (Min/Max/Actual) Status Reference

Min: 0.19 in, Max: 0.75 in, Actual: 0.25
in

Weld Size Requirement PASS [ AISC 360-22 Table J2.4

Anchor Clearance Min: 1.19 in in, Actual: 2.42 in PASS SkyCiv Recommendation

Base Plate Edge Distance Min: 0.81 in in, Actual: 2.00 in PASS AISC 360-22 Table J3.4 & Table J3.5
Minimum Number of Anchors Min: 4.00, Actual: 4.00 PASS f‘“%c Design Guide 1 3rd E£d. Section
Embedded Plate Dimension Min: 2.05 in in, Actual: 2.50 in PASS SkyCiv Recommendation
g"")rl‘i&’i*;‘gh” Spacing to Prevent Concrete Min: 2.05 in in, Actual: 8.00 in PASS | ACI 318-19 Table 17.9.2(a)

Min. Concrete Cover to Prevent Concrete Min: 1.50 in in, Actual: 2.50 in PASS | ACI 318-19 Table 20.5.1.3.1

Splitting

v All Detailing Checks Passed

The design geometry meets requirements.

Summary of Design Checks

Design Check Governing LC | Demand | Capacity DCR Result
Weld Capacity 1 1.34 5.58 0.24 PASS
Column Bearing Capacity 1 25.00 253.69 0.10 PASS
Base Plate Yield Capacity (Compression Load) 1 1.12 2.02 0.56 PASS
Concrete Bearing Capacity 1 25.00 258.57 0.10 PASS
Concrete Breakout Capacity (Vy Shear) i 0.75 0.79 0.95 PASS
Concrete Breakout Capacity (Vz Shear) 1 0.25 0.79 0.32 PASS
Concrete Pryout Capacity 1 3.16 17.44 0.18 PASS
Anchor Rod Shear Capacity 1 0.79 3.98 0.20 PASS

v All Design/Checks Passed

The design is adequate.
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REFERENCES CALCULATIONS

RESULTS

Load Combination No. 1: Compression Load and Shear Load

Check No. 1: Weld Capacity

Fig. Welds on column to base plate.
Calculate total weld length around Pipe or Round HSS
deoi = 6 in - Column outside diameter

Lyelq - Total length of weld
Lyeld = Tdeoy = ™ % 6 in = 18.85 in

Calculate load per unit length of weld
Compute the resultant stress from compression and shear loads.
N, = 25 kip - Compression load

V, = 3 kip - Vy shear load
V. = 1 kip - Vz shear load

¢, - Required weld strength per unit length

N, 25kip
= 2P 3963 kip/i
%~ Toaa 1885m ip/in

Vuy - Required weld strength per unit length

vy 3 kip
wy = —— = ———— = 0.15915 kip/i
" Towa  1885m ip/in
vy - Required weld strength per unit length
1 ki
e = Ve = 2HP 053052 kip /in

* " Lyaq 18.85in

T, - Required weld strength per unit length

re= (@) + () (07)

Ty = \/((1.3263 kip/in)z) + ((0.15915 kip/in)z) + ((0.053052 kip/in)2>

ry = 1.3369 kip/in
Calculate fillet weld capacity
F.. = 70 ksi - Filler metal classification strength (E70xx)
E, = 0.177 in - Weld throat
6 = 0 - Angle of load in radians
¢ = 0.75 - Weld resistance factor

AlSC 360-22 ChaE;;t.e(rjéz-.sg kgs - Directional strength increase factor

kas = 1.0+ 0.5(sin (0))"° = 14 0.5 x (sin (0))"* = 1

AISC 360-22 Chak%tle(rjéz_;; ¢ry - Design strength of fillet welds per unit length

¢ry = ¢0.6Fpy Eykas = 0.75 x 0.6 x 70 ksi x 0.177 in x 1 = 5.5755 kip/in

Calculate base metal capacities
Fy_cor = 58 ksi - Column tensile stress (A36)

teor = 0.291 in - Column thickness

F, p = 58 ksi - Base plate tensile stress (A36)
tyy = 0.5 in - Base plate thickness

¢ = 0.75 - Shear rupture resistance factor

AISC 360-22 Eq. J4-4 PTrnbm,col - Design shear rupture strength of base metal (column)

Drnbm,col = P0.6F,_cotteor = 0.75 % 0.6 x 58 ksi x 0.291 in = 7.5951 kip/in
AISC 360-22 Eq. J4-4 @Tnbm,bp - Design shear rupture strength of base metal (base plate)

OTrpm,pp = $0.6F, pptsy = 0.75 % 0.6 x 58 ksi x 0.5 in = 13.05 kip/in
AISC 360-22 Eq. J4-4 @rnpm - Governing design shear rupture strength of base metal

GTnbm = N (PTobmbps Prabm,col) = min (13.05 kip/in, 7.5951 kip/in) = 7.5951 kip/in

Result:

DCR - Demand over capacity ratio, comparing two conditions:

Tu Tu
DCR = max | ——,
( Prubm P )
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1.3369 kip/in  1.3369 kip/in
7.5951 kip/in” 5.5755 kip/in

DCR = max ( ) =0.23977

Go back to summary results
table.

AISC 360-22 Chapter J7 Eq.
(J7-1), Finished bearing
plate per AISC 360-22
Chapter M4.4

Check No. 2: Column Bearing Capacity
Calculate bearing load on column member
N, = 25 kip - Compression load

R, - Required column bearing strength

R, = N, =25 kip

Fig. Bearing area of column.

Calculate bearing capacity of col b
F, co1 = 36 ksi - Column yield stress (A36)

Agor = 5.22 in? - Column area

¢ = 0.75 - Steel bearing resistance factor

¢R,, - Design bearing strength

GRy = $1.8F, ooy Acol = 0.75 x 1.8 x 36 ksi x 5.22 in> = 253.69 kip

Result:

DCR - Demand-to-Capacity Ratio

R, 25 kip

DOR= —% = "~ _
SR,  253.69 kip

= 0.098545

PASS = 0

Go back to summary results
table.

AISC Design Guide 01 3rd
Ed. Section 4.3.1

AISC Design Guide 01 3rd
Ed. Section 4.3.1

AISC Design Guide 01 2nd
Ed.

AISC Manual 15th Ed. Part
14 pg.14-6, AISC 360-22
Chapter F2 Eq. (F2-1)

Check No. 3: Base Plate Yield Capacity (Compression Load)

d
~
m
0.80d
m
JT
L L
A A
n . 080d n

Fig. Cantilever lengths of base plate.
Calculate critical cantilever length for Round HSS or Pipe column

deo; = 6 in - Column outside diameter
Ly, = 12 in - Base plate length

By, = 12 in - Base plate width

[ - Critical cantilever length of base plate

| = max

Lip — 0.8dcot  Bip — 0.8dcol
2 ’ 2

12in — 0.8 x6in 12in—0.8 x 6 in .
lzmax( 3 s 3 >:3.6m

Calculate applied moment load per unit length on critical section of base plate due to compression from concrete
N, = 25 kip - Compression load

By, = 12 in - Base plate width

Ly, = 12 in - Base plate length

1=3.6in

m, - Required flexural yielding strength of base plate

mo= (G5 (2
“ "\ ByLyy 2

25 kip 3.6 in? .
my, = <m> X (T) = 1.125 kip-in/in

Calculate flexural yielding capacity of base plate per unit length due to compression from concrete
F, y, = 36 ksi - Base plate yield stress (A36)

typ = 0.5 in - Base plate thickness

¢ = 0.9 - Flexural resistance factor

¢m,, - Design flexural yielding strength of base plate per unit length
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(t)” [ (05 in)? L
om, = ¢F, 4y 1 = 0.9 x 36 ksi x — = 2.025 kip-in/in
Result:

DCR - Demand-to-Capacity Ratio

1.125 kip-in/in
DOR = M _ p-in/

= R 0.55556
¢my  2.025 kip-in/in

PASS = 0.56

Go back to summary results
table.

AISC 360-22 Chapter /8, ACI
318-19 Sect. 22.8.3.2 and
Fig. R22.8.3.2

AISC 360-22 Chapter J8, ACI
318-19 Sect. 22.8.3.2 and
Fig. R22.8.3.2

AISC 360-22 Chapter 8, ACI
318-19 Sect. 22.8.3.2 and
Fig. R22.8.3.2

AISC 360-22 Chapter J8, ACI

318-19 Sect. 22.8.3.2 and
Fig. R22.8.3.2

AISC 360-22 Chapter J8 Eq.
8-2)

Check No. 4: Concrete Bearing Capacity
Calculate bearing load on concrete
N, = 25 kip - Compression load

P, - Required concrete bearing strength
P, = N, = 25 kip

The restraining side is equal along the concrete width and concrete length.

A,

[N
ad
S

Fig. Bearing area on base plate (A1) and maximum support area on concrete (A2).
Calculate bearing area on base plate
Ly, = 12 in - Base plate length

By, = 12 in - Base plate width

Aj - Area of bearing on base plate (assume full area)

Ay = Ly By = 12 in x 12 in = 144 in®

Calculate maximum bearing area on concrete foundation
N42 = 13 in - Length of max bearing area on support (A2)

B2 = 13 in - Width of max bearing area on support (A2)

Ay - Maximum area of bearing on concrete (assume 1:2 slope)

Ay = Ng2Bas = 13 in x 13 in = 169 in®

Calculate bearing capacity of concrete
f¢ = 3 ksi - Concrete compressive strength (3000)

A; = 144 in®

Ay =169 in?

¢ = 0.65 - Concrete bearing resistance factor

¢P, - Design bearing strength of concrete crushing

P, = ¢ (min (o.s5(f;)A1 /%, L7(fc')Al)>
1
P, = 0.65 x (min <0.85 X (3 ksi) x 144 in* x 4 | fle , L7 x (3 ksi) x 144 in2>)
m

$P, = 258.57 kip

Result:

DCR - Demand-to-Capacity Ratio

25 ki
por= Fu D

= —0.096686
B,  258.57 kip

Go back to summary results
table.

Check No. 5: Concrete Breakout Capacity (Vy Shear)
For breakout capacity on failure edge perpendicular to load:

S . >
2, | Iy
I
|
,,,,,,, .
z ‘
|
3 i 4
() ‘ )
1
Y
PLAN VIEW
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FRONT VIEW

l l

Y N

SIDE VIEW

Calculate shear load per single anchor
V, = 3 kip - Vy shear load

ng = 4 - Total number of anchor rods

Via. - Required concrete breakout shear strength of a single anchor with failure edge perpendicular to load

Viar = ﬁ = MJ =0.75 kip
Ng 4
Determine if the support is a narrow concrete member
ACt 318'}?. g?‘isg The support is not a narrow member.

Symbol Description Value
Cleft,s1 Single anchor concrete edge distance (left) 10.500 in
Cright,s1 | Single anchor concrete edge distance (right) 2.500in
Ctop,s1 Single anchor concrete edge distance (top) 2.500 in
Chottom,s1 | Single anchor concrete edge distance (bottom) 10.500 in
teone Concrete thickness 8.000 in
Cal,s1 Single anchor distance to failure edge (+Vy shear) | 2.500 in

Narrow Member FALSE

Calculate maximum projected area for a single anchor

Acl 318'_{? 705%55- Ca1,61 = 2.5 in - Single anchor distance to failure edge (+Vy shear)

ACI 318-19 Eq. 17.7.2.1.3 | Aye, - Maximum projected area for a single anchor
Ay = 4:5(ca1)” = 4.5 x (2.5 in)* = 28.125 in’

Calculate width of actual projected area on failure surface
Act 318’11? 7C125'35§ By, - Actual length of concrete cone for a single anchor

By, = min (Clefs1, 1.5Ca1,51) + min (Cright,s1, 1.5Ca1,61)

By, =min (10.5 in, 1.5 X 2.5 in) + min (2.5 in, 1.5 x 2.5 in) = 6.25 in

Calculate height of actual projected area on failure surface
Act 318’11; 7615'35? Hy. - Actual height of projected area
Hy. = min (1.5¢a11, teonc) = min (1.5 x 2.5 in, 8 in) = 3.75 in

Calculate actual projected area

AC 318‘11?_ 705“35? Ay, =Actual projected area

Ay, = By Hy, = 6.25 in x 3.75 in = 23.438 in’
Calculate modification factor for lightweight concrete

A = 1 - Factor for normal-weight concrete

ACl 318-19 Table 17.2.4.1 Aa - Modification factor for lightweight concrete

M=10A=1x1=1

Calculate load bearing length of the anchor
hep = 5 in - Anchor rod effective embedment length

Acl 318'_{?‘ glza"ésf l. - Load bearing length (equal to embedment height)
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ACI 318-19 Eq. 17.7.2.2.1a

ACI 318-19 Eq. 17.7.2.2.1b

ACI 318-19 Clause
17.7.2.2.1

ACI 318-19 Clause
17.7.2.4.1aand 17.7.2.4.1b

ACI 318-19 Eq. 17.7.2.6.1

ACI 318-19 Clause
17.7.2.5.1

ACI 318-19 Clause
17.7.2.1(a)

le = hey =5 in
Calculate basic single anchor breakout strength
f¢ = 3 ksi - Concrete compressive strength (3000)

d, = 0.5 in - Anchor rod diameter

Vj1 - Basic single anchor breakout strength condition 1

in (I, 8d,)\"* " (Calst \19
V,ﬂ:7<w) [y | 2 (S Y g
dy in psi\ in
min (5in, 8 x 0.5in)\"* /05 3 ksi 2.5 in
Vin=7Tx|—————— ) x — X LX) ————x -
0.5 in 1in 0.001 ksi 1in

Vi1 = 1.6243 kip

x 0.001 kip

)LS

Va2 - Basic single anchor breakout strength condition 2

e (Gt )y

psi\ in

[ 3 kst 2.5in\"*
= 1 _— .001 kip = 1.94 i
Ve =9x1x 0001 ket X ( i ) x 0.001 kip 9486 kip

V} - Basic single anchor breakout strength

Viz = 9Aq

Vi = min (Vp1, Ve ) = min (1.6243 kip, 1.9486 kip) = 1.6243 kip
Calculate edge effect factor
Ca2,51 = 2.5 in - Single anchor distance to parallel edge (+Vy shear)

Weq,v - Breakout edge effect factor

Ca2,s1 2.51in
Uqy =min (1.0, 0.7+ 0.3 ( ————) ) = min (1, 0.7+ 0.3 =09
ed,V = TIN < ’ * < 1A5Ca1,51>> o ( ’ oI (15 X 2.5 in>>

Calculate thickness factor
\Ilhy - Breakout thickness factor

1.5x2.5 m’ 1) -1
8in

1.5Ca1.¢
¥,y = max ﬁ, 1.0 | = max (
teonc

Calculate concrete breakout capacity at the perpendicular edge

¢ = 0.65 - Concrete shear resistance factor

W,y = 1 - Breakout cracking factor (shear)
¢V - Design concrete breakout strength in shear of a single anchor (perpendicular edge)

Aye
Wl =¢ ( A‘ ) Voay ey Puy Vi
Veo

23.438 in®

Vips = 0.65 x [ 222991
¢V (28.125 in?

) % 0.9 x 1 x 1 x 1.6243 kip = 0.79186 kip

For breakout capacity on failure edge parallel to load:

PLAN VIEW

9 1

z N

FRONT VIEW
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SIDE VIEW
Calculate shear load per single anchor
V,, = 3 kip - Vy shear load
n, = 4 - Total number of anchor rods
Determine if the support is a narrow concrete member
ACl 318‘_{; 705%55 The support is not a narrow member.
Symbol Description Value
Cleft,s1 Single anchor concrete edge distance (left) 10.500 in
Cright,s1 | Single anchor concrete edge distance (right) 2.500 in
Ctop,s1 Single anchor concrete edge distance (top) 2.500in
Chottom,s1 | Single anchor concrete edge distance (bottom) 10.500 in
teone Concrete thickness 8.000 in
Cal,s1 Single anchor distance to failure edge (+Vz shear) | 2.500 in
Narrow Member FALSE

Calculation for critical
anchor: Anchor ID 1.
Calculate maximum projected area for a single anchor
Acl 318'1157; 76?%53 Ca1,61 = 2.5 in - Single anchor distance to failure edge (+Vz shear)

ACI 318-19 Eq. 17.7.2.1.3 Ay, - Maximum projected area for a single anchor
Aveo = 4.5(car51)” = 4.5 x (2.5 in)” = 28.125 in®

Calculate width of actual projected area on failure surface

Act 318’1157;'923."‘155 By, - Actual length of concrete cone for a single anchor

By, = min (copst, 1.5¢a151) + min (Chottoms1, 1.5Ca1,1)

By, =min (2.5 in, 1.5 x 2.5 in) + min (10.5 in, 1.5 x 2.5 in) = 6.25 in

Calculate height of actual projected area on failure surface

Act 318’11579. 761231"15? Hy, - Actual height of projected area

Hy. = min (1.5¢a151, teonc) =min (1.5 x 2.5 in, 8 in) = 3.75 in

Calculate actual projected area

Act 318-11?_ 7CI§L35§ Ay, - Actual projected area

Ave = By Hy, = 6.25 in x 3.75 in = 23.438 in®

Calculate modification factor for lightweight concrete
A = 1 - Factor for normal-weight concrete

ACI 318-19 Table 17.2.4.1 Ao - Modification factor for lightweight concrete
A =10A=1x1=1

Calculate load bearing length of the anchor
hey = 5 in - Anchor rod effective embedment length

ACI 318-19 Clause le - Load bearing length (equal to embedment height)
17.7.2.2.1
le = hey =5 in

Calculate basic single anchor breakout strength
f¢ = 3 ksi - Concrete compressive strength (3000)

d, = 0.5 in - Anchor rod diameter

ACI 318-19 Eq. 17.7.2.2.1a | Vj; - Basic single anchor breakout strength condition 1

in(l, 8a)\** [dy | [ £ eyt
Vb1:7<w> fi_",\” f(ﬂ) bf
dy in psi\ in
in (5 in, 8 x 0.5 in)\*2 =5 — 5in\ 19
Vi =7 x M ><,/05‘m><1><1/Lbl,>< 25N 0,001 kip
0.5 in 1in 0.001 ksi lin

Vi1 = 1.6243 kip

ACI 318-19 Eq. 17.7.2.2.1b | Vjy - Basic single anchor breakout strength condition 2

15

Via = 92, ) s

fe (Eal,sl

psi\ in

Shear and Compression Design Example for AISC - Base Plate Design Report

Page 11 of 18




3 ksi 2.5in\"?
S x1x oS .001 kip = 1.9486 ki
Ve =9x1x 0,001 ksi X ( Tm ) % 0.001 kip 9486 kip

ACI 318'_%;;’555_16 V, - Basic single anchor breakout strength

Vi, = min (Vb1 Viz) = min (1.6243 kip, 1.9486 kip) = 1.6243 kip

Calculate thickness factor
ACI 318-19 Eq. 17.7.2.6.1 W}y - Breakout thickness factor

1.5¢Ca1s . 51
¥y = max ﬁ, 1.0 | = max (1 / M, 1> =1
teone 8in

Calculate concrete breakout capacity at the parallel edge
¢ = 0.65 - Concrete shear resistance factor

Acl 318'1157; ;,‘IéaLgsle W, = 1 - Breakout cracking factor (shear)

Acl 318i1797C21a1u(55 W4y = 1 - Breakout edge effect factor for parallel failure edge

AClI 318-19 Clause : : .
17.7.2.1(0) ¢Vzb\ - Design concrete breakout strength in shear of a single anchor (parallel edge)

Ay,
Ve = 26 o Veav¥PevPhyVp

23.438 in?

Vi) = 2 % 0.65 x [ oo I
Wa <28A125 in2

) x1x1x 1 x 1.6243 kip = 1.7597 kip

Result:

DCR - Demand over capacity ratio, comparing two conditions:

. Via
DCR = max( Vias fol )

Vb V)

0.75kip  0.75kip

DCR=max | —————, —————
0.79186 kip’ 1.7597 kip

) = 0.94714

PASS = 0.95

Go back to summary results
table.

Check No. 6: Concrete Breakout Capacity (Vz Shear)
For breakout capacity on failure edge perpendicular to load:

cz
2% 10\/
<
Y WY AN
3 4/
8] 1 AN
| N
Y
PLAN VIEW
il ul
z .
FRONT VIEW
ull 1
Yy o i o
S B _

SIDE VIEW

Calculate shear load per single anchor
V. = 1 kip - Vz shear load

ng, = 4 - Total number of anchor rods

Va1 - Required concrete breakout shear strength of a single anchor with failure edge perpendicular to load

ViaL = = 0.25 kip

V. 1kip
4

a
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ACI 318-19 Clause
17.7.2.1.2

ACI 318-19 Clause
17.7.2.1.2

ACI 318-19 Eq. 17.7.2.1.3

ACI 318-19 Clause
17.7.2.1.1

ACI 318-19 Clause
17.7.2.1.1

ACI 318-19 Clause
17.7.2.

1.1

ACI 318-19 Table 17.2.4.1

ACI 318-19 Clause
17.7.2.2.1

ACI 318-19 Eq. 17.7.2.2.1a

ACI 318-19 Eq. 17.7.2.2.1b

ACI 318-19 Clause
17.7.2.2.1

AClI 318-19 Clause
17.7.2.4.1aand 17.7.2.4.1b

Determine if the support is a narrow concrete member

The support is not a narrow member.

Symbol Description Value
Cleft,s1 | Single anchor concrete edge distance (left) 10.500 in
Cright,s1 | Single anchor concrete edge distance (right) 2.500in
Ctop,s1 Single anchor concrete edge distance (top) 2.500 in
Chottom,s1 | Single anchor concrete edge distance (bottom) 10.500 in
teone Concrete thickness 8.000 in
Cal,s1 Single anchor distance to failure edge (+Vz shear) [ 2.500 in

Narrow Member FALSE

Calculate maximum projected area for a single anchor

ca1,51 = 2.5 in - Single anchor distance to failure edge (+Vz shear)

Ay, - Maximum projected area for a single anchor
Ayeo = 4.5(car.1)” = 4.5 x (2.5 in)* = 28.125 in®

Calculate width of actual projected area on failure surface

By, - Actual length of concrete cone for a single anchor

By, = min (Ctops1, 1.5Ca1,51) + min (Chottom,sts 1-5Ca1s1)

By, =min (2.5 in, 1.5 x 2.5 in) + min (10.5 in, 1.5 x 2.5.in) = 6.25 in

Calculate height of actual projected area on failure surface

Hy. - Actual height of projected area
Hy, = min (1.5¢a1,61, teonc) = min (1.5 x 2.5 in, 8 in) = 3.75 in

Calculate actual projected area

Ay, - Actual projected area
Aye = BycHy. = 6.25 in x 3.75 in = 23.438 in®

Calculate modification factor for lightweight concrete
A = 1 - Factor for normal-weight concrete

. - Modification factor for lightweight concrete
Aa=10A=1x1=1

Calculate load bearing length of the anchor
hey =5 in - Anchor rod effective embedment length

l. - Load bearing length (equal to embedment height)
le = heyf =5in

Calculate basic single anchor breakout strength
f¢ = 3 ksi - Concrete compressive strength (3000)

d, = 0.5 in - Anchor rod diameter

Vi1 - Basic single anchor breakout strength condition 1

min (I, 8d,)\%? e 15
vid = 7(7< . ”)) 2 [ () Py
dy in psi\ in
min (5 in, 8% 0.5 in)\"? i ; in\ %
Vi =7 x ( : ) « 0.5.1n %1 x 3 ksi x 2.5}11\ % 0.001 kip
0.5.in 1in 0.001 ksi 1lin
Vi1 = 1.6243 kip
e, 15
Viz = 9\ /f_( S5 ibf
pSt \ in
3 kst 2.5in\"*
Ve =9x1 — 0.001 kip = 1.9486 ki
02 =9 00T kst ( Tin ) * P P

V, - Basic single anchor breakout strength

Vio - Basic single anchor breakout strength condition 2

Vi = min (Vp1, V2 ) = min (1.6243 kip, 1.9486 kip) = 1.6243 kip

Calculate edge effect factor
Ca2,51 = 2.5 in - Single anchor distance to parallel edge (+Vz shear)

W4y - Breakout edge effect factor

Ca2,s1 2.51in
Ty = min (1.0, 0.7+ 0.3 2 ) ) —min (1, 0.7+ 03 x [ —22 )} — g9
4y = min < + ( T5caim >) mm( +08x (1.5 %25 m))
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ACI 318-19 Eq. 17.7.2.6.1

ACI 318-19 Clause
17.7.2.5.1

AClI 318-19 Clause
17.7.2.1(a)

ACI 318-19 Clause
17.7.2.1.2

AClI 318-19 Clause
17.7.2.1.2

ACI 318-19 Eq. 17.7.2.1.3

ACI 318-19 Clause
17.7.2.1.1

Calculate thickness factor
W),y - Breakout thickness factor

1.5¢; .
Uy = max [ /=22 10 = max M’ 1) =1
’ teone S m

Calculate concrete breakout capacity at the perpendicular edge
¢ = 0.65 - Concrete shear resistance factor

W,y = 1 - Breakout cracking factor (shear)

@V - Design concrete breakout strength in shear of a single anchor (perpendicular edge)

A
Var =0 ( AV‘ ) Voqy ey Ty Vh
Veo

23.438 in?

Vs = 0.65 x (22991
Ve (284125 in?

) x 0.9 x 1 x1x1.6243 kip = 0.79186 kip

For breakout capacity on failure edge parallel to load:

< P ey
2 i I
s
30 40
Y
PLAN VIEW
9 il
z I T
N L -
FRONT VIEW
il l
y °© .

SIDE VIEW
Calculate shear load per single anchor
V. = 1 kip - Vz shear load
n, = 4 - Total number of anchor rods
Determine if the support is a narrow concrete member
The support is not a narrow member.
Symbol Description Value
Cle ft,s1 Single anchor concrete edge distance (left) 10.500 in
Cright,s1 | Single anchor concrete edge distance (right) 2.500 in
Ctop,s1 Single anchor concrete edge distance (top) 2.500 in
Chottom,s1 | Single anchor concrete edge distance (bottom) 10.500 in
teone Concrete thickness 8.000 in
Cal,sl Single anchor distance to failure edge (+Vy shear) 2.500 in
Narrow Member FALSE

Calculate maximum projected area for a single anchor

Ca1,s1 = 2.5 In - Single anchor distance to failure edge (+Vy shear)
Ay - Maximum projected area for a single anchor
Aveo = 4.5(car,1)” = 4.5 x (2.5 in)” = 28.125 in®

Calculate width of actual projected area on failure surface

By - Actual length of concrete cone for a single anchor

Shear and Compression Design Example for AISC - Base Plate Design Report
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Calculation for critical
anchor: Anchor ID 1.




ACI 318-19 Clause
17.7.2.1.1

ACI 318-19 Clause
17.7.2.1.1

ACI 318-19 Table 17.2.4.1

ACI 318-19 Clause
17.7.2.2.1

ACI 318-19 Eq. 17.7.2.2.1a

ACI 318-19 Eq. 17.7.2.2.1b

ACI 318-19 Clause
17.7.2.2.1

ACI 318-19 Eq. 17.7.2.6.1

ACI 318-19 Clause
17.7.2.5.1

ACI 318-19 Clause
17.7.2.1(c)

AClI 318-19 Clause
17.7.2.1(c)

By, = min (Clefts1, 1.5Ca1,51) + min (Cright,s1, 1.5Ca1,61)

By, = min (10.5 in, 1.5 x 2.5 in) + min (2.5 in, 1.5 x 2.5 in) = 6.25 in

Calculate height of actual projected area on failure surface

Hy. - Actual height of projected area
Hy. = min (1.5¢4161, teonc) = min (1.5 x 2.5 in, 8 in) = 3.75 in

Calculate actual projected area

Ay, - Actual projected area
Ay, = By Hy, = 6.25 in x 3.75 in = 23.438 in’

Calculate modification factor for lightweight concrete

A = 1 - Factor for normal-weight concrete

Aa - Modification factor for lightweight concrete

Ae=10A=1x1=1

Calculate load bearing length of the anchor
hef = 5 in - Anchor rod effective embedment length

le - Load bearing length (equal to embedment height)
le = hey =5 in

Calculate basic single anchor breakout strength
f¢ = 3 ksi - Concrete compressive strength (3000)

d, = 0.5 in - Anchor rod diameter

Vi1 - Basic single anchor breakout strength condition 1

in (e, 8d,))\"2 a1 15
V,,1:7<w> /fi_“,\" f(:) ibf
dy in psi\ in
min (5 in, 8 x 0.5in)\** /05 3ksi 2.5in
Vi =7x | —————— ] x — X 1X | ————x -
0.5 in 1in 0.001 ksi 1lin

Vi = 1.6243 kip

1.5
) x 0.001 kip

Via - Basic single anchor breakout strength condition 2

15

Viz = 9o ) s

fe ( Cal,s1

psi\ in

[ 3ksi 2.5in)"?
= 1 —S= .001 kip = 1.9486 ki
Ve =9x1x 0,00 kst X ( T ) % 0.001 kip 9486 kip

V, - Basic single anchor breakout strength

Vi = min (Vy1, Vie) = min (1.6243 kip, 1.9486 kip) = 1.6243 kip

Calculate thickness factor
Wy v - Breakout thickness factor

1.5Ca1s 1. 251
W),y = max ( J, 1.0) = max( M, 1> =1
' ~ teone 8in

Calculate concrete breakout capacity at the parallel edge

¢ = 0.65 - Concrete shear resistance factor
‘I’L‘,V = 1 - Breakout cracking factor (shear)
W4y = 1 - Breakout edge effect factor for parallel failure edge

¢Vab‘ - Design concrete breakout strength in shear of a single anchor (parallel edge)

Ay
SV = 26 T Yeav¥evPny Ve
Veo

23.438 in?

Vi = 2 % 0.65 x =20
ey (28.125 in2

) x 1x1x1x1.6243 kip = 1.7597 kip

Result:

DCR - Demand over capacity ratio, comparing two conditions:

Via
DCR = max (—Vﬁ’Li s fol >
dVebr ' V|

0.25kip  0.25 kip

DCR = _025kip - 0.25Kkp
max (&79186 Kip’ 1.7597 kip

) = 0.31571

Go back to summary results
table.

Check No. 7: Concrete Pryout Capacity
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PLAN VIEW

P hef

FRONT VIEW

o hef

SIDE VIEW

Calculate total shear load on anchor group
V, = 3 kip - Vy shear load

V. = 1 kip - Vz shear load

Vua - Resultant shear load

Via = \/((Vy)?) +(02) = \/((3 kip)”) + ((1 kip)*) = 3.1623 kip

ng = 4 - Total number of anchor rods
Ng,g1 = 4 - Number of anchors in anchor group PO 1

Vua - Required concrete pryout strength of an anchor group
3.1623 ki
Vi = (V_) o = (—p> x 4 = 3.1623 kip
Na 4

Determine if the support is a narrow concrete member

Acl 318'_%? 705%53 The support is classified as a narrow member. The modified values below will be used throughout the calculations.

Symbol Description Value
Cleft,g1 | Anchor group PO 1 concrete edge distance (left) 2.500in
Cright g1 Anchor group PO 1 concrete edge distance (right) 2.500 in
Ctop,g1 | Anchor group PO 1 concrete edge distance (top) 2.500in
Chottom,g1 | Anchor group PO 1 concrete edge distance (bottom) 2.500 in
hef Anchor rod effective embedment length 5.000 in
Ssum,y,g1 | Anchor group PO 1 sum of spacing along Y-axis 8.000 in
Ssum,zgl | Anchor group PO 1 sum of spacing along Z-axis 8.000 in
Ty, g1 Number of anchors along Y-axis for anchor group PO 1 2.000
Nz g1 Number of anchors along Z-axis for anchor group PO 1 2.000

Narrow Member TRUE
h/cf,gl Anchor group PO 1 modified effective embedment length | 2.667 in

Calculation for critical
anchor group: Anchor Group
PO 1.

C e i proj; d area for a single anchor

ACI 318-19 Clause 17.6.2 | Ape, - Maximum projected area for a single anchor

ef.gl,

2
Ayeo = Q(h’ ) = 9 x (2.6667 in)? = 64 in?

Calculate length of actual projected cone area (along Z-direction)
Ssum,zg1 = 8 in - Anchor group PO 1 sum of spacing along Z-axis

N1 = 2 - Number of anchors along Z-axis for anchor group PO 1

ACl 318-19 Clause 17.6.2 L. - Actual length of concrete cone for an anchor group

Shear and Compression Design Example for AISC - Base Plate Design Report
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Ly, = min (Clgﬂyg], 1'5héf,g1) + (min (Ssum,z,glv 3hie i (nagn — 1))) + min (Crighngh 1-5th,51)

Lye = min (2.5 in, 1.5 x 2.6667 in) -+ (min (8 in, 3 x 2.6667 in x (2 — 1))) + min (2.5 in, 1.5 x 2.6667 in)

Ly. =13 in

Calculate width of actual projected cone area (along Y-direction)
Ssum,y,gl = 8 in - Anchor group PO 1 sum of spacing along Y-axis

Ty, g1 = 2 - Number of anchors along Y-axis for anchor group PO 1

ACI 318-19 Clause 17.6.2 By, - Actual width of concrete cone for an anchor group

By, = min (cmpygl, 1‘5h:‘f,g1) + (min (Ssum,y.gl, 3h’d-.g1 (nyg1 — 1))) + min (Cbouum.gh 1-5}1:\“1)

By, = min (2.5 in, 1.5 X 2.6667 in) + (min (8 in, 3 x 2.6667 in x (2 — 1))) + min (2.5 in, 1.5 x 2.6667 in)

By, =13 in

Calculate actual projected area of the anchor group
Ng,g1 = 4 - Number of anchors in anchor group PO 1

ACI 318-19 Clause 17.6.2 Ap, - Actual projected area for an anchor group
Ane = min (na g1 Axeo, LneBre) = min (4 x 64 in®, 13 in x 13 in) = 169 in®

Calculate modification factor for lightweight concrete
A = 1 - Factor for normal-weight concrete

ACI 318-19 Table 17.2.4.1 . - Modification factor for lightweight concrete

A=10A=1x1=1

Calculate basic single anchor breakout strength

f¢ = 3 ksi - Concrete compressive strength (3000)
Acl 318'_%?‘55?16 k. = 24 - Factor for cast-in anchors breakout strength

ACI 318-19 Eq. 17.6.2.2.1 N, - Basic single anchor breakout strength

e 1.5
Ny = kpAa,/f—‘(ﬂ) Ibf
psi\ in
0 . 1.5
Ny=24x1x 1/% x (z'ﬁfﬂ) x 0.001 kip = 5.7243 kip
A S1 m

Calculate minimum edge distance of anchor
Ca,min - Shortest edge distance

Caymin = N (Cleft,g1, Crightgly Ctop,gly Chottom,gl) = Min (2.5 in, 2.5 in, 2.5 in, 2.5 in) = 2.5 in

Calculate eccentricity factor
efw = 0 - Eccentricity of the resultant tensile force (assumed 0 for shear)

ACl 318-};5.123&% V.. n - Breakout eccentricity factor
. 1 . 1
Yoy =min | 1.0, ——— | =min |1, ——— | =1
' 2 14 20—
+ ET 3x2.6667 in
Calculate edge effect factor
Acl 318'}?‘ g?‘fle W4 - Breakout edge effect factor
. Ca,mi . 2.51in
Wogn=min (1.0, 0.740.3 | ———— ) | =min (1, 0.7+ 0.3 x (| ——————) ) = 0.8875
: 150, 1.5 x 2.6667 in
Calculate nominal concrete breakout capacity
Acl 318'_{;5’5";? U, n = 1 - Breakout cracking factor (tension)

ACI 31 8-% 9 Clause

7.6.2.6.2 W, N = 1 - Breakout concrete splitting factor

ACI 318-19 Eq. 17.6.2.1b Nepg - Nominal concrete breakout strength in shear of an anchor group

An,
Nog = ( A];f_‘ )\I/.,,E,N\If,ad,wc,wm,NNb

in?
Ny, — (28910 ) % 1% 0.8875 x 1 x 1 x 5.7243 kip = 13.415 kip
’ 64 in?

Calculate design concrete pryout capacity

¢ = 0.65 - Concrete shear resistance factor
ACl 318'}? g?‘fi kep = 2 - Factor for pryout strength

ACI 318-19 Eq. 17.7.3.1b ¢chy - Design concrete pryout strength of an anchor group

OVepg = Okep Nepg = 0.65 x 2 x 13.415 kip = 17.44 kip

Result: PASS =0
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DCR - Demand-to-Capacity Ratio

3.1623 ki
DOR = Y 31023Mp 00
DVepg 17.44 kip

Go back to summary results
table.

Check No. 8: Anchor Rod Shear Capacity
Calculate portion of Vy shear load on most critical anchor
V, = 3 kip - Vy shear load

ng = 4 - Total number of anchor rods

Vua,y - Required shear strength on anchor due to Vy load

V,  3kip
Viay = — = —— = 0.75 ki
uay = 1 P
Calculate portion of Vz shear load on most critical anchor
V. = 1 kip - Vz shear load
n, = 4 - Total number of anchor rods
Vua,- - Required shear strength on anchor due to Vz load
V. 1 ki .
Viay = = = ks P kip
Ng 4

Calculate resultant load on most critical anchor
Vua - Required shear strength on anchor

Via = \/((Vm,y)z) + ((VW)Z) = \/((0.75 kip)2> + ((0.25 kip)z) = 0.79057 kip

Calculations according to ACI provisions:
Calculate specified tensile strength of anchor
Fy_anc = 120 ksi - Anchor rod tensile stress (A325)

F,

y_anc = 92 ksi - Anchor rod yield stress (A325)

Als%fg?l'gzcgﬂz/fféég futa - Specified tensile strength of anchor steel

futa = min (0.75F _anc, 1.9Fy anc, 125) = min (0.75 x 120 ksi, 1.9 x 92 ksi, 125.00 ksi) = 90 ksi
Calculate effective cross-sectional area of anchor
d, = 0.5 in - Anchor rod diameter
ASME B1.1-2019 Table 1 | n; = 13 in"! - Number of threads per inch
For smaller diameters, anchor rod is assumed to be UNC. For larger diameters (greater than 1"), anchor rod is assumed to be 8UN thread

series.

Acl 318‘}‘% 51‘63“{55 A,y - Effective cross-sectional area of anchor in tension

4 ‘
Ay == <da - 0‘9743) = % x (0.5 in— 09743) = 0.1419 in?

4 T 13 in-!
Calculate design shear strength of the anchor rod per ACI provisions
¢ = 0.65 - Anchor steel shear resistance factor (ACI)

ACI 318-19 Eq. 17.7.1.2b

and Clause 17, '77'112 1 @Via,aci - Design anchor rod steel shear strength per ACI (reduced capacity)

Vsaaci = 0.8¢0.6 Age v futa = 0.8 X 0.65 x 0.6 x 0.1419 in? x 90 ksi = 3.9845 kip

Calculations according to AISC provisions:
Calculate nominal shear stress of the anchor rod
AISC 360-22 Table J)3.2 | F,, - Nominal shear stress of the anchor rod for threads not excluded on shear plane (N)

Fry = 0.45F, qne = 0.45 x 120 ksi = 54 ksi
Calculate design shear strength of the anchor rod per AISC provisions
Aroq = 0.19635 in? - Anchor rod area
¢ = 0.75 - Anchor steel resistance factor (AISC)

AISC 360-22 Eq. 3-1 PR yp,aisc - Design anchor rod steel shear strength per AISC

G Rpaisc = FnoAroa = 0.75 x 54 ksi x 0.19635 in® = 7.9522 kip

Calculate governing capacity

ACI 318-19 Clause 17.7.1.2
and AISC 360-22 Section @V, - Governing anchor rod steel shear strength
3.7&8

@V, = min (¢Venaci, $Ravaisc) = min (3.9845 kip, 7.9522 kip) = 3.9845 kip

Result: PASS = 0.20

DCR - Demand-to-Capacity Ratio

0.79057 ki
DOR= Yo _ i

=P _ 019841
#V,  3.9845 kip

Go back to summary results
table.
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