REFERENCES CALCULATIONS RESULTS

SkyCiv Base Plate and Anchor Rod Design
Shear 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 0.00 2.00 2.00

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. Welded plate washers are used to distribute shear forces.

Column Properties:

O.giin

Symbol Description Value
Section | Column section HSS7x4x5/16
deo Column depth 7.000 in
Leol Column thickness 0.291in
beol Column width 4.000 in
Aol Column area 5.850 in?
Teol Column root radius 0.291in
Fy cot | Column yield stress (A36) 36.000 ksi
Fy cor | Column tensile stress (A36) 58.000 ksi
Base Plate Properties:
£
<
hs
12.0in
Symbol Description Value
By, Base plate width 12.000 in
Ly, Base plate length 14.000 in
tbp Base plate thickness 0.750 in
Ahp Base plate plan area 168.000 in?
Fyy Base plate yield stress (A36) 36.000 ksi
Fuvp Base plate tensile stress (A36) [ 58.000 ksi
tgrout Grout thickness 0.250 in
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Concrete Properties:

£
<
hs
—
12.0in
Symbol Description Value
Beone Concrete width 12.000 in
Leone | Concrete length 14.000 in
teone Concrete thickness 10.000 in
Acone Concrete plan area 168.000 in2
fe Concrete compressive strength (3000) 3.000 ksi
A Factor for normal-weight concrete 1.000
— Concrete assumption: cracked or uncracked Cracked

Anchor Information:

£

o

S

o

@

[

B

<

—
eh =2.000 in
Symbol Description Value

d, Anchor rod diameter 0.500 in
hef Anchor rod effective embedment length 8.000 in
en Anchor hook length 2.000in
EVJM. Anchor rod yield stress (A325) 92.000 ksi
F, anc | Anchor rod tensile stress (A325) 120.000 ksi
tow Plate washer thickness 0.250 in

Anchor Layout:

T"_
—
2.0in

]
6 s
—e-4--- 4 “e-
{=4 ! 4
c ]
0 = <
15, | 2, ]l=
]
| . |
8.0in
Symbol Description Value
Ng Total number of anchor rods 6.000
S, Spacing of anchor rods along Z-axis 8.000 in
Sy Spacing of anchor rods along Y-axis 5.000 in
lg,igﬁ_: Base plate edge distance along Z-axis [ 2.000 in
Ledge,y Base plate edge distance along Y-axis | 2.000 in

Anchor Data Summary:

ID Z (in) Y (in)
1 4.000 5.000
2 4.000 -5.000
3 4.000 0.000
4 -4.000 5.000
5 -4.000 -5.000
6 -4.000 0.000
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ID Shear Direction | Breakout Breakout Pryout Pryout
Resisted (Vy Shear) | (Vz Shear) | (Vy Shear) | (Vz Shear)
1 All Load Directions Single BO Vz Group 1 [ PO Group 1 | PO Group 1
2 All Load Directions Single BO Vz Group 1 | PO Group 1 | PO Group 1
3 All Load Directions Single BO Vz Group 1 [ PO Group 1 | PO Group 1
4 All Load Directions Single BO Vz Group 2 | PO Group 1 | PO Group 1
5 All Load Directions Single BO Vz Group 2 | PO Group 1 | PO Group 1
6 All Load Directions Single BO Vz Group 2 [ PO Group 1 | PO Group 1
Weld Properties:
Symbol Description Value
Type | Weld Type Fillet
w Fillet weld size 0.250in
Ey Weld throat 0.177 in
Fere Filler metal classification strength (E70xx) | 70.000 ksi
Summary of Detailing Checks
Check Name Dimensions (Min/Max/Actual) Status Reference
Weld Size Requirement Min: 0.19 in, Max: 0.75 in, Actual: 0.25 PASS | AISC 360-22 Table J2.4
Anchor Clearance Min: 1.19 in in, Actual: 1.75 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: 6.00 PASS ﬁlgc Design Guide 1 3rd Ed. Section
g"ﬁ‘)ﬂ&ﬁgc“"f Spacing to Prevent Concrete Min: 2.05 in in, Actual: 5.00 in PASS | ACI 318-19 Table 17.9.2(a)
O merete Cover to Prevent Concrete Min: 1.50 in in, Actual: 2.00 in PASS |ACI318-19 Table 20.5.1.3.1
The design geometry meets requirements!
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REFERENCES

CALCULATIONS

RESULTS

AISC 360-22 Chapter J2.4
Eq. (2-5,

AISC 360-22 Chapter J2.4
Eq. (j2-4)

AISC 360-22 Eq. J4-4

AISC 360-22 Eq. J4-4

AISC 360-22 Eq. J4-4

Load Combination No. 1: Shear Load Only

Check No. 1: Weld Capacity

Fig. Welds on column to base plate.
Calculate total weld length on four sides of HSS
deoi = 7 in - Column depth

beol = 4 in - Column width
Teol = 0.291 in - Column root radius
teor = 0.291 in - Column thickness

Lyeiq - Total length of weld

Luyetd = 2 (beol — 27col — 2teor) + 2 (deot — 27cor — 2tcol)

Lyeta =2 x (4in—2x0.291 in — 2 x 0.291 in) + 2 x (7in — 2 x 0.291 in — 2 x 0.291 in) = 17.344 in

Calculate load per unit length of weld
Vy, = 2 kip - Vy shear load

V. = 2 kip - Vz shear load

Vyy - Required weld strength per unit length

Yy 2 kip N
Vuy = Tom  173idm 0.11531 kip/in

Uy - Required weld strength per unit length

V. 2 kip
o= 2 = =P 011531 kip/i
Y= T 17344 m ip/in

T, - Required weld strength per unit length

r =/ (@)?) + (@)

Ty = \/((0.11531 kip/in)2) + ((0411531 kip/in)Z) — 0.16308 kip/in

Calculate fillet weld capacity
Fip = 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

kgs - Directional strength increase factor

15

kgs = 1.0+ 0.5(sin (9))"° = 1+ 0.5 x (sin (0))"° = 1

¢ry - Design strength of fillet welds per unit length
¢rn = $0.6F .10 Eykas = 0.75 x 0.6 x 70 ksi x 0.177 in x 1 = 5.5755 kip/in

Calculate base metal capacities

F, ol = 58 ksi - Column tensile stress (A36)
teot = 0.291 in - Column thickness

F, 1, = 58 ksi - Base plate tensile stress (A36)
tpp = 0.75 in - Base plate thickness

¢ = 0.75 - Shear rupture resistance factor

@Tnbm,col - Design shear rupture strength of base metal (column)
Dbm,col = PO0.6Fy_cortcor = 0.75 % 0.6 x 58 ksi x 0.291 in = 7.5951 kip/in
@'nbm,bp - Design shear rupture strength of base metal (base plate)
GTbm,bp = $0.6F_ppty, = 0.75 x 0.6 x 58 ksi x 0.75 in = 19.575 kip/in
@rnpm - Governing design shear rupture strength of base metal

Gnbm = Min (Frobmbp, Probmcol) = min (19.575 kip/in, 7.5951 kip/in) = 7.5951 kip/in

Result:

DCR - Demand over capacity ratio, comparing two conditions:

DCR = max( fu u )

u
Grabm” OL
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DCR = max (

0.16308 kip/in  0.16308 kip/in
7.5951 kip/in * 5.5755 kip/in

) = 0.029249

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

ACI 318-19 Clause
17.7.2.1.1

ACI 318-19 Clause

Check No. 2: Concrete Breakout Capacity (Vy Shear)
For breakout capacity on failure edge perpendicular to load:

PLAN VIEW

FRONT VIEW

| I |

Calculate shear load per single anchor
V, = 2 kip - Vy shear load

ng = 6 - Total number of anchor rods

SIDE VIEW

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

Viar = E = m = 0.33333 kip
Ng 6
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) 10.000 in
Cright,s1 | Single anchor concrete edge distance (right) 2.000 in
Ctop,s1 Single anchor concrete edge distance (top) 2.000in
Chottom,s1 | Single anchor concrete edge distance (bottom) 12.000 in
teonce Concrete thickness 10.000 in
Cal,s1 Single anchor distance to failure edge (+Vy shear) 2.000 in
Narrow Member FALSE

Calculate maximum projected area for a single anchor

Ca1,51 = 2 in - Single anchor distance to failure edge (+Vy shear)

Ay, - Maximum projected area for a single anchor

Ay = 4.5(ca1.01)” = 4.5 x (2 in)’ = 18 in®

Calculate width of actual projected area on failure surface

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

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

By, =min (10 in, 1.5 X 2 in) + min (2 in, 1.5 x 2in) =5 in

Calculate height of actual projected area on failure surface

Hy, - Actual height of projected area

Hy. = min (1.5¢a161, teonc) = min (1.5 X 2in, 10 in) = 3 in

Calculate actual projected area

Base Plate Design Report
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17.7.2.1.1 | Ay, - Actual projected area
Ay, = By Hy. = 5in x 3 in = 15 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 load bearing length of the anchor
hey = 8 in - Anchor rod effective embedment length

Acl 318'_{; g_‘lzauzsi le - Load bearing length (equal to embedment height)
le = hes =8in

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 Vi1 - Basic single anchor breakout strength condition 1

min (L, 8d.)\** /d, ¢ (Cats1\1P
v = 7P e, () g
a in psi\ in
min (8 in, 8 x 0.5 in)\"? i i AR
Vi =T7x M x,/O'S,mx1x,/LS"x i) 0.001 kip
0.5in 1lin 0.001 ksi 1in

Vi = 1.1623 kip

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

o [ Cals1 \1P
Viz = 9\, fﬁ( .1'1) Ibf
pst N\ in

Vip = 0x 1 /XSl (200 " 0.001 kip = 13943 ki
= 0.00Lksi  \Tin : P= P
ACI 318-19 Clause
17.7.2.

2.1 | Vb - Basic single anchor breakout strength
Vi = min (Vi1, Vi) = min (1.1623 kip, 1.3943 kip) = 1.1623 kip

Calculate edge effect factor
Ca2,51 = 2 in - Single anchor distance to parallel edge (+Vy shear)

17.7.2.4 -lAaCéﬁé%—;%gliulsg W4y - Breakout edge effect factor

Gy = min (1.0, 0.7+ 0.3 [ —22 ) ) —min (1, 07103 x ( —2_)) =09
S ST\ Thcaa )) P 15x2m))

Calculate thickness factor
ACl 318-19 Eq. 17.7.2.6.1 W, v - Breakout thickness factor

1.5¢Ca1 5 . i
U), v = max ﬁ, 1.0 | = max /M’ 1) =1
teone 10 in

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

ACl 318:{? g’g‘gsi U, = 1 - Breakout cracking factor (shear)

ACI 318-19 Clause
17.7.2.1

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

Ve

A
Vo1 = ¢ ( 2 > Yeav¥evPhyVp
Veo

15 in®
Vipr = 0.65 x
oVers <18 in?

> x 0.9 x 1 x1x1.1623 kip = 0.56661 kip
@V - Design concrete breakout strength in shear of a single anchor (perpendicular edge)

ACI 318-19 Clause
17.7.2.1(a)

Ave

Aveo

Va1 = ¢ ( > Yeqv¥evPhyVp

2
@Vips = 0.65 x <%> % 0.9 x 1 x 1 x 1.1623 kip = 0.56661 kip
m-

For breakout capacity on failure edge parallel to load:
Determine cases:

Symbol Description Value

Sz.outer | SPacing of outer anchor rods along Z-axis 8.000 in

Cal,gl Anchor group distance to failure edge (+Vz shear) | 2.000 in

Is welded plate washer used? Yes

Applicable Cases Case 2

Base Plate Design Report
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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

Calculations for Case 2

PLAN VIEW

FRONT VIEW

SIDE VIEW

Calculate total shear load on anchor group.
V, = 2 kip - Vy shear load

Assume Vy load is acting perpendicular to the anchors along the failure edge.
V}aH,msaZ - Required concrete breakout shear strength of anchor group with failure edge parallel to load

Vialcaser = Vy = 2 kip

Determine if the support is a narrow concrete member

The support is classified as a narrow member. The modified values below will be used throughout the calculations.

Symbol Description Value
Cleft,g2 Anchor group BO Vz 2 concrete edge distance (left) 2.000 in
Cright,g2 | Anchor group BO Vz 2 concrete edge distance (right) 10.000 in
Ctop,g2 | Anchor group BO Vz 2 concrete edge distance (top) 2.000 in
Chottom,g2 Anchor group BO Vz 2 concrete edge distance (bottom) 2.000 in
t e Concrete thickness 10.000 in
Sy Spacing of anchor rods along Y-axis 5.000 in
Cal,g2 Rear anchor group distance to failure edge (+Vz shear) 10.000 in

Narrow Member TRUE
cﬁl,yﬁ Rear anchor group modified distance to failure edge (+Vz shear) | 6.667 in

C.

proj area for a single anchor

1,42 = 6.6667 in - Rear anchor group modified distance to failure edge (+Vz shear)

Ay - Maximum projected area for a single anchor
2 L \2 .9
Aver =4.5(cly ) =45 x (66667 in)’ =200 in

Calculate width of actual projected area on failure surface
Ssum,y,g2 = 10 in - Anchor group BO Vz 2 sum of spacing along Y-axis

ny,g2 = 3 - Number of anchors along Y-axis for anchor group BO Vz 2

By, - Actual width of failure surface for an anchor group

By, = min (Cbottom.gZa 1.56;1@2) + (min (ssmn,y,gz, 3¢} g5 (Dy,g2 — 1))) + min (cmgz, I.SCgl_gz)

By, = min (2 in, 1.5 x 6.6667 in) + (min (10 in, 3 X 6.6667 in x (3 —1))) + min (2 in, 1.5 x 6.6667 in)

Base Plate Design Report
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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 Clause
17.7.2.3.1

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)

ACI 318-19 Clause
17.7.2.1(c)

By, = 14in

Calculate height of actual projected area on failure surface

Hy, - Actual height of projected area
Hy. = min (1A5c;1‘52, t) = min (1.5 x 6.6667 in, 10 in) = 10 in

Calculate actual projected area

Ay, - Actual projected area
Aye = By Hy, = 14 in x 10 in = 140 in®

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

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

Calculate load bearing length of the anchor
hey = 8 in - Anchor rod effective embedment length

l - Load bearing length (equal to embedment height)
le = hey =8 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 (L, 8d.)\* AETAN
%1:7<M> ﬁ)\a f_ R Y

d, in psi in

min (8 in, 8 x 0.5in)\"* /G5 3 ksi 6.6667 in '
V=7 x (RO PX A0 W 1x /oSt (S806TIN Y 6 001 ki
n=rx ( 05 ) “VTm V0001 ket < Tin ) x P

Vi1 = 7.0733 kip

_‘, CL 1.5
Vio = QAG\/f—‘,(}—'”) ibf
psi\ in
0 . 1.5
Vip =9 x1x ,/%Okls% x <6'616ﬂ> % 0.001 kip = 8.4853 kip
R S1 m

V, - Basic single anchor breakout strength

Vi - Basic single anchor breakout strength condition 2

Vi, = min (Vi1, Viz) = min (7.0733 kip, 8.4853 kip) = 7.0733 kip

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

W,.v - Breakout eccentricity factor

1 1

Yy =min | 1.0, ——— | =min |1, ——— | =1
2 1+ 3><626X627 in
Sciil.gz ’

Calculate thickness factor
\Ilhy - Breakout thickness factor

1.5¢], H
WU,y = max ﬁ, 1.0 ) = max w, 1)=1
’ teonce V 10 in

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

¥,y = 1 - Breakout cracking factor (shear)
W.qv = 1 - Breakout edge effect factor for parallel failure edge

¢Vd)g” - Design concrete breakout strength in shear of an anchor group (parallel edge)

Ay,
Vepg) = 26 (F) Yee,vPeav Ve, v TnyVh

140 in?
200 in?

@ Vepg = 2 x 0.65 x < > x1x1x1x1x7.0733kip = 6.4367 kip
Result:

DCR - Demand over capacity ratio, comparing two conditions:

DOR — max ( Vi VI'aH@ach)

Vebr ' Vg

Base Plate Design Report

Page 8 of 17

PASS = 0.59



Derek
Text Box
SAMPLE REPORT ONLY


0.33333 kip 2 kip
DCR=max | —————, ——————— ) = 0.5883
0.56661 kip~ 6.4367 kip
Check No. 3: Concrete Breakout Capacity (Vz Shear)
For breakout capacity on failure edge perpendicular to load:
Determine cases:
Symbol Description Value
S.outer | SPacing of outer anchor rods along Z-axis 8.000 in

Cal,gl Anchor group distance to failure edge (+Vz shear) | 2.000 in

Is welded plate washer used? Yes

Applicable Cases Case 2

Calculations for Case 2

PLAN VIEW

FRONT VIEW

SIDE VIEW

Calculate total shear load on anchor group.
V. = 2 kip - Vz shear load

VfaL case2 - Required concrete breakout shear strength of anchor group with failure edge perpendicular to load
Vial,case2 = Vo = 2 kip

Determine if the support is a narrow concrete member

ACI 318-19 Clause The support is classified as a narrow member. The modified values below will be used throughout the calculations.

17.7.2.1.2

Symbol Description Value
Cleft,g2 Anchor group BO Vz 2 concrete edge distance (left) 2.000 in
Cright,g2 | Anchor group BO Vz 2 concrete edge distance (right) 10.000 in
Ctop,g2 Anchor group BO Vz 2 concrete edge distance (top) 2.000 in
Chottom,g2 | Anchor group BO Vz 2 concrete edge distance (bottom) 2.000 in
teone Concrete thickness 10.000 in
Sy Spacing of anchor rods along Y-axis 5.000 in
Cal,g2 Rear anchor group distance to failure edge (+Vz shear) 10.000 in

Narrow Member TRUE
Cr’zl,g? Rear anchor group modified distance to failure edge (+Vz shear) | 6.667 in

Calculation for critical
anchor group: Anchor Group
BOVz 2.

C il proj d area for a single anchor

ACI 318-19 Clause

/ Y 3 . . "
177555 | Cu1g2 = 6.6667 in - Rear anchor group modified distance to failure edge (+Vz shear)

ACI 318-19 Eq. 17.7.2.1.3 | Ay, - Maximum projected area for a single anchor

A= 15(e)’ ) = 200
Veo = 4.5( ¢}y p) = 4.5 x (6.6667 in)” = 200 in

Base Plate Design Report
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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

ACl 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 Clause
17.7.2.3.1

ACI 318-19 Clause
17.7.2.4.1aand 17.7.2.4.1b

ACI 318-19 Eq. 17.7.2.6.1

Base Plate Design
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Calculate width of actual projected area on failure surface
Ssum,y,g2 = 10 in - Anchor group BO Vz 2 sum of spacing along Y-axis

My g2 = 3 - Number of anchors along Y-axis for anchor group BO Vz 2

By, - Actual width of failure surface for an anchor group

By, = min (cbommgg, 1450"11&2) + (min (ssum’y,gg, 3C"ﬂyg2 (nyg — 1))) + min (cmp,gz, 1~5Cé1,g2)

By, = min (2 in, 1.5 x 6.6667 in) + (min (10 in, 3 x 6.6667 in x (3 — 1))) +min (2 in, 1.5 x 6.6667 in)

By, =14 in
Calculate height of actual projected area on failure surface
Hy. - Actual height of projected area

Hy. = min (1.5c;1£2, tw,,c) = min (1.5 x 6.6667 in, 10 in) = 10 in

Calculate actual projected area

Ay, - Actual projected area
Aye = By Hy, = 14 in x 10 in = 140 in®

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

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

Calculate load bearing length of the anchor
hey = 8 in - Anchor rod effective embedment length

le - Load bearing length (equal to embedment height)
le = hey = 8 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

Vi — 7<min(le, SdD))M d—”Au

d, in

fe

o 1.5
2 (—"_"”2 ) Ibf
DSt in
1 3ksi_ (6.6667in L8
V/ 0.001 ksi Lin
Vin = 7.0733 kip
— c,n 1.5
Via = m\/ fe (ﬂ) Ibf
psi in
3 ksi 6.6667 in \'* ) )
Vi =9 x1x 00l ks X —Tm x 0.001 kip = 8.4853 kip
. S1 m

W - Basic single anchor breakout strength

0.5 in
lin

min (8 in, 8 x 0.5 in))“ 0.001 ki
B X x 0. ip

V=17
n X( 05

Via - Basic single anchor breakout strength condition 2

Vi = min (Vg , Viz) = min (7.0733 kip, 8.4853 kip) = 7.0733 kip

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

W,y - Breakout eccentricity factor

1 1
Yeey =min | 1.0, ———— | = min (1, W) =1
= I+ 56 coerm

Ca2,92 = 2 in - Anchor group distance to failure edge (+Vz shear)

Calculate edge effect factor

W4y - Breakout edge effect factor

Ca2, i
Gy —min 10, 07403 [ —22 ) ) —min (1, 07403 x (—22 )} =076
’ 1.5¢) 40 1.5 x 6.6667 in
Calculate thickness factor
W,y - Breakout thickness factor
1.5¢] i
Wy = max al,g2 1.0) = max 1.5 x 6.(?667 m’ 1) =1
teone V 10 in
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ACI 318-19 Clause
17.7.2.5.1
ACI 318-19 Clause
17.7.2.1(b)
AClI 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

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

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

@Vepg1 - Design concrete breakout strength in shear of an anchor group (perpendicular edge)

Ve

A
PVergl = ¢ < ) Yee v Ved v ¥evPhv Ve
Aveo

140 in?

W) x1x0.76 x 1 x 1 x 7.0733 kip = 2.446 kip
in’

dVepg1 = 0.65 x (

For breakout capacity on failure edge parallel to load:

SZ
u \\40/ Icy
6 3
- --flenaaos I
50 20
Y
PLAN VIEW
| 2|
z ]
FRONT VIEW
| I |
vy N

SIDE VIEW
Calculate shear load per single anchor
V. = 2 kip - Vz shear load
n, = 6 - Total number of anchor rods
Determine if the support is a narrow concrete member
The support is not a narrow member.
Symbol Description Value
Clejt,s1 | Single anchor concrete edge distance (left) 10.000 in
Cright,s1 | Single anchor concrete edge distance (right) 2.000 in
Ctop,s1 Single anchor concrete edge distance (top) 2.000 in
Chottom,s1 | Single anchor concrete edge distance (bottom) 12.000 in
teont Concrete thickness 10.000 in
Cal sl Single anchor distance to failure edge (+Vy shear) | 2.000 in
Narrow Member FALSE

Calculate maximum projected area for a single anchor

Ca1,51 = 2 in - Single anchor distance to failure edge (+Vy shear)
Ay - Maximum projected area for a single anchor

Aveo = 4.5(car1)’ = 4.5 x (2in)” = 18 in®

Calculate width of actual projected area on failure surface

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

By, = min (Clefts1, 1.5Ca1,51) + min (Cright,s1, 1.5¢a1,61)

By, =min (10 in, 1.5 X 2 in) + min (2 in, 1.5 x 2in) = 5 in

Calculate height of actual projected area on failure surface

Hy. - Actual height of projected area

Base Plate Design Report
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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)

ACI 318-19 Clause
17.7.2.1(c)

Hy. = min (1.5Ca1,61, teonc) = min (1.5 X 2in, 10 in) = 3 in

Calculate actual projected area

Ay, - Actual projected area
Ay = By Hy. =5 in x 3 in = 15 in’

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

Ao - Modification factor for lightweight concrete
A=10A=1x1=1

Calculate load bearing length of the anchor
hey = 8 in - Anchor rod effective embedment length

I, - Load bearing length (equal to embedment height)
le = hey =8 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

min (1, 8d,) 02 Cals
Vi = 7( L / fc al, 1
~ psz
min (8 in, 8 x 0.5 1 15
Vi — 7 x ((Rn(8in 8 0.5n) 1/ xS (217 6,001 ip
05 0.001 k51 in

Vi1 = 1.1623 kip

Vio - Basic single anchor breakout strength condition 2

Vi = 0oy | L2 (M_,sl)“ﬁlbf

psi\ in

Vs = 0x1x |kt (2in N % 0.001 kip = 1.3943 ki
P . ip = 1. i
» V 0.001ksi  \1in P P

V, - Basic single anchor breakout strength
Vi = min (Vp1, Ve ) = min (1.1623 kip, 1.3943 kip) = 1.1623 kip

Calculate thickness factor
W,y - Breakout thickness factor

1.5¢ca1¢ . i
Uy = max | 4] —=2L 1.0 ) = max /M, 1) =1
teonc 10 in

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

W,y = 1 - Breakout cracking factor (shear)
W.qv = 1 - Breakout edge effect factor for parallel failure edge

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

Aye
Ve = 2¢ (A\t )“Ilﬁd,vq’&vq,h‘v‘/b

15 in?
18 in?

BV =2 x 0.65 x < > x1x1x1x1.1623 kip = 1.2591 kip

Result:

DCR - Demand over capacity ratio, comparing two conditions:

Vielws2 Via
DCR:max<: fol )

AVebgl  HVap|

2kip  0.33333 kip

DCR = e )
max ( 2446 kip’ 12591 kip

> = 0.81767

PASS = 0.82

Base Plate Design
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ACI 318-19 Clause
17.7.2.1.2

ACI 318-19 Clause 17.6.2

ACI 318-19 Clause 17.6.2

PLAN VIEW

L B I
5 2
= . z
. 4 hef
S<C
FRONT VIEW

SIDE VIEW

Calculate total shear load on anchor group
V, = 2 kip - Vy shear load

V. = 2 kip - Vz shear load

Vua - Resultant shear load

Via = \/((%)2) + ((Vz)z) = \/((2 kip)2) + ((2 kip)z) = 2.8284 kip

ng = 6 - Total number of anchor rods
Ng,g1 = 6 - Number of anchors in anchor group PO 1

Vua - Required concrete pryout strength of an anchor group
\4 2.8284 ki
Vi = (_> Tiagy = (Tp> x 6 = 2.8284 kip
Na

Determine if the support is a narrow concrete member

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) 2.000in
Cright,g1 | Anchor group PO 1 concrete edge distance (right) 2.000 in
Ctop,gl Anchor group PO 1 concrete edge distance (top) 2.000 in
Chottom,g1 | Anchor group PO 1 concrete edge distance (bottom) 2.000 in
hef Anchor rod effective embedment length 8.000 in
Ssum,y,g1 | Anchor group PO 1 sum of spacing along Y-axis 10.000 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 3.000
Nz g1 Number of anchors along Z-axis for anchor group PO 1 2.000

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

C e i proj; d area for a single anchor

Aneo - Maximum projected area for a single anchor
A =9(h =9x (2 6667 in)l = 64 in®
Nco ef,gl .

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

N:,g = 2 - Number of anchors along Z-axis for anchor group PO 1

Ly, - Actual length of concrete cone for an anchor group

Base Plate Design Report
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ACI 318-19 Clause 17.6.2

ACl 318-19 Clause 17.6.2

ACI 318-19 Table 17.2.4.1

ACI 318-19 Clause
17.6.2.2.1

ACI 318-19 Eq. 17.6.2.2.1

ACI 318-19 Clause
17.6.2.4.1

ACI 318-19 Clause
17.6.2.4.1

ACl 318-19 Clause
17.6.2.5.1

ACI 318-19 Clause
17.6.2.6.2

ACI 318-19 Eq. 17.6.2.1b

ACI 318-19 Clause
17.6.2.2.1

ACI 318-19 Eq. 17.7.3.1b

Ly, = min (Clgﬂyg], 1'5héf,g1) + (min (Ssum,z,glv 3hie i (nagn — 1))) + min (Crighngh 1-5th,51)

Ly. = min (2 in, 1.5 x 2.6667 in) + (min (8 in, 3 x 2.6667 in x (2 — 1))) + min (2 in, 1.5 x 2.6667 in)

Ly. =121in

Calculate width of actual projected cone area (along Y-direction)
Ssum,y,g1 = 10 in - Anchor group PO 1 sum of spacing along Y-axis

Ty, g1 = 3 - Number of anchors along Y-axis for anchor group PO 1

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 in, 1.5 X 2.6667 in) + (min (10 in, 3 x 2.6667 in x (3 — 1))) + min (2 in, 1.5 x 2.6667 in)

By, =14 in

Calculate actual projected area of the anchor group
Ng,g1 = 6 - Number of anchors in anchor group PO 1

Ap, - Actual projected area for an anchor group
Ane = min (na g1 Axeo, LneBxe) = min (6 x 64 in®, 12 in x 14 in) = 168 in”

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

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

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

k. = 24 - Factor for cast-in anchors breakout strength

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

Ca;min = TN (Cleft g1, Cright,gly Ctopgly Chottomgl) = Min (2 in, 2in, 2 in, 2 in) = 2 in

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

W, N - Breakout eccentricity factor

Wi,y = min | 1.0,

1 1
——— | =min(1l, —— | =1
1 2y 14 =0

+ 3x2.6667 in
E

Calculate edge effect factor

W4 N - Breakout edge effect factor

. Ca,min . 2 in
Yoy N = min (1.0, 0.7 4 0.3 (MT)) = min (1, 0.7+ 0.3 x <m>) =0.85

Calculate nominal concrete breakout capacity

¥,y = 1 - Breakout cracking factor (tension)
W, v = 1 - Breakout concrete splitting factor

Nepg - Nominal concrete breakout strength in shear of an anchor group

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

Nepg = (

Calculate design concrete pryout capacity
¢ = 0.65 - Concrete shear resistance factor

) x1x0.85 x 1 x1x5.7243 kip = 12.772 kip

kep = 2 - Factor for pryout strength
@Vepg - Design concrete pryout strength of an anchor group

Vipg = dhiepNapg = 0.65 x 2 x 12.772 kip = 16.604 kip

Result:

Base Plate Design Report
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DCR - Demand-to-Capacity Ratio

Vie 28284 kip

AISC Design Guide 1 3rd Ed.
Section 4.3.3

AISC 360-22 Table J3.2, ACI
318-19 Clause 17.6.1.2

ASME B1.1-2019 Table 1

ACI 318-19 Clause
R17.6.1.2

ACI 318-19 Eq. 17.7.1.2b
and Clause 17.7.1.2.1

DCR = = ———— =0.17034
DVepg 16.604 kip
Check No. 5: Anchor Rod Shear Capacity
Calculate portion of Vy shear load on most critical anchor
Vy, = 2 kip - Vy shear load
n, = 6 - Total number of anchor rods
Vya,y - Required shear strength on anchor due to Vy load
Vy  2kip .
Vyay = — = —— = 0.33333 kip
N 6

Calculate portion of Vz shear load on most critical anchor

Governing case from concrete breakout calculation for Vz shear: Case 2 (perpendicular). Therefore, check the perpendicular anchors for a
portion of Vz load

V. = 2 kip - Vz shear load
n, = 6 - Total number of anchor rods
n:,g = 1 - Number of anchors along Z-axis for anchor group BO Vz 1

Vua,> - Required shear strength on anchor due to Vz load
V. 2 ki .
Vuas = (—) gt = < P )« 1=0.33333 kip
Ng ’ 6

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

Vi = [ ((0)?) + ((00°)

Via = \/((0.33333 kip)z) + ((0.33333 kip)Z) — 0.4714 kip

Calculate eccentricity of shear load
ty, = 0.75 in - Base plate thickness

tyw = 0.25 in - Plate washer thickness

e - Eccentricity of shear load due to plate washer

tpw .25 i
e=05 ( 5 +tbp> =05 x (0 ;m +0.75 in) = 04375 in
Calculate shear stress on anchor

Aroq = 0.19635 in? - Anchor rod area

fv - Shear stress on anchor

Vi 04714 kip ,
- Ve  0ATHKD ) 0s k
o= Bt~ 519635 12 .

Calculate section modulus of the anchor rod
d, = 0.5 in - Anchor rod diameter

Zrod - Section modulus of anchor rod

Zrod = —=(d,)* = 312 x (0.5 in)® = 0.012272 in®

Calculate tensile stress on anchor due to lever arm
ft - Tensile stress on anchor due to shear load with lever arm

0.4714 kip x 0.4375 i
g, = Yuae  DATM M X 0A3TO I 6o 1
Zraa 0.012272 ind

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

F,

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

futa - Specified tensile strength of anchor steel

futa = min (0.75F _ane, 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

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.

Ase,V - Effective cross-sectional area of anchor in tension

2 2
Ay =2 <du - 09743) =Ix (0.5 in— 0‘9743) =0.1419 in®
! 4 [N 4 13 in—

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

@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:

Base Plate Design Report
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AISC 360-22 Table j3.2

AISC 360-22 Table j3.2

AISC 360-22 Eq. J3-3a
(rewritten per Sect /3.8
note)

AISC 360-22 Eq. J3-2

ACI 318-19 Clause 17.7.1.2
and AISC 360-22 Section
3.7&8

Calculate nominal area of the anchor rod
d, = 0.5 in - Anchor rod diameter

Ayoq - Nominal area of anchor rod

(do)? = % x (0.5 in)> = 0.19635 in2

Calculate nominal shear stress of the anchor rod
Fy ane = 120 ksi - Anchor rod tensile stress (A325)

F,, - Nominal shear stress of the anchor rod for threads not excluded on shear plane (N)

Fy = 0.45F, gne = 0.45 x 120 ksi = 54 ksi

Calculate nominal tensile stress of the anchor rod
F,,; - Nominal tensile stress of anchor rod

Fpt = 0.75F, ane = 0.75 x 120 ksi = 90 ksi

Calculate nominal modified shear stress of the anchor rod to include effects of tensile stress
ft = 16.806 ksi

¢ = 0.75 - Anchor steel resistance factor (AISC)

F,), - Nominal shear stress modified to include the effects of tensile stress

. Foy
F}, = min <1.3F,w — < (me) f;, an)

54 ksi
0.75 x 90 ksi

F}, = min (1.3 x 54 ksi — ( ) x 16.806 ksi, 54 ksi) = 54 ksi

Calculate design shear and tensile strength of the anchor rod per AISC provisions
@Ry, qisc - Design anchor rod combined tensile and shear strength per AISC
ORp gise = PF 1y Arog = 0.75 x 54 ksi x 0.19635 in? = 7.9522 kip

Calculate governing capacity

@V, - Governing anchor rod steel shear strength
¢V, = min (¢Viaaci, ¢Ruaisc) = min (3.9845 kip, 7.9522 kip) = 3.9845 kip

Result:

DCR - Demand-to-Capacity Ratio

Vie | 0.4714 kip
#V,  3.9845 kip

DCR = = 0.11831

Base Plate Design Report
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REFERENCES CALCULATIONS RESULTS
. The governing combination
Summary of Des'Qn Checks is Load Combination 1.
Load Combination Design Check Demand | Capacity DCR Result
1 Weld Capacity 0.16 5.58 0.03 PASS
1 Concrete Breakout Capacity (Vy Shear) 0.33 0.57 0.59 PASS
1 Concrete Breakout Capacity (Vz Shear) 2.00 2.45 0.82 PASS
1 Concrete Pryout Capacity 2.83 16.60 0.17 PASS
1 Anchor Rod Shear Capacity 0.47 3.98 0.12 PASS
The design is adequate!
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