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SkyCiv Base Plate and Anchor Rod Design

Shear and Tension 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 (kN)

Strong-axis Shear, Vy (kN) [ Weak-axis Shear, Vz (kN)

1

-30.00

3.00

6.00

Note(s):

1. Positive Nx (+) indicates compression; negative Nx (-) indicates tension.
3. Engineering methods other than welded plate washers are assumed to be used to distribute shear forces.

Column Properties:
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6.9 mm
Symbol Description Value
Section | Column section W14x30
deol Column depth 350.5 mm
tw Column web thickness 6.9 mm
by Column flange width 170.9 mm
tf Column flange thickness 9.8 mm
Ac | Column area 5709.7 mm?
Teol Column root radius 10.2 mm
Fy col Column yield stress (A992) 344.7 MPa
Fy_coi | Column tensile stress (A992) 448.2 MPa
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REFERENCES CALCULATIONS RESULTS
Base Plate Properties:
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250.0 mm
Symbol Description Value
By, Base plate width 250.0 mm
Ly, Base plate length 450.0 mm
top Base plate thickness 12.0 mm
Ay Base plate plan area 112500.0 mm?
F, 1y, |Base plate yield stress (A36) 248.2 MPa
Fy Base plate tensile stress (A36) 399.9 MPa
torout Grout thickness 0.0 mm
Concrete Properties:
e
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300.0 mm
Symbol Description Value
Beone | Concrete width 300.0 mm
Leone | Concrete length 500.0 mm
teone Concrete thickness 500.0 mm
Acone | Concrete plan area 150000.0 mm?
fe Concrete compressive strength (20.68) 20.7 MPa
A Factor for normal-weight concrete 1.0
— Concrete assumption: cracked or uncracked Cracked
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RESULTS

REFERENCES CALCULATIONS
Anchor Information:
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Symbol Description Value
d, Anchor rod diameter 16.0 mm
heg Anchor rod effective embedment length | 400.0 mm
bembed plate | Anchor embed plate diameter 70.0 mm
tembed_plate | Anchor embed plate thickness 10.0 mm
Fy anc Anchor rod yield stress (F1554 Gr.55) 379.2 MPa
Fy ane Anchor rod tensile stress (F1554 Gr.55) | 517.1 MPa
Fyep Embed plate yield stress (A36) 248.2 MPa
tow Plate washer thickness 0.0 mm
Anchor Layout:
46‘(3_Tﬁﬁ.0 mm
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100.0 mm
]
Symbol Description Value
Ng Total number of anchor rods 6.0
S, Spacing of anchor rods along Z-axis 100.0 mm
Sy Spacing of anchor rods along Y-axis 100.0 mm
lsdge,z Base plate edge distance along Z-axis | 75.0 mm
Ledge,y Base plate edge distance along Y-axis | 125.0 mm
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REFERENCES CALCULATIONS RESULTS
Anchor Data Summary:
ID Z (mm) | Y (mm)
1 50.000 100.000
2 50.000 |-100.000
B 50.000 0.000
4 -50.000 | 100.000
5 -50.000 |-100.000
6 -50.000 0.000

ID Anchor in Breakout | Side-Face Side-Face
Tension Zone | (Tension) (Y-direction) (Z-direction)
1 v BO Group 1 SFy Group 2 SFz Group 1
2 v BO Group 1 SFy Group 2 SFz Group 2
3 v BO Group 1 SFy Group 2 -
4 v BO Group 1 SFy Group 1 SFz Group 1
5 v BO Group 1 SFy Group 1 SFz Group 2
6 v BO Group 1 SFy Group 1 -
ID Shear Direction Breakout Breakout Pryout Pryout
Resisted (Vy Shear) (Vz Shear) (Vy Shear) (Vz Shear)
1 +Vz +Vy BO Vy Group 1 | BO Vz Group 1 | PO Vy Group 1 | PO Vz Group 1
2 +Vz -Vy BO Vy Group 2 | BO Vz Group 1 | PO Vy Group 2 | PO Vz Group 1
3 +Vz - BO Vz Group 1 - PO Vz Group 1
4 -Vz +Vy BO Vy Group 1 [ BO Vz Group 2 | PO Vy Group 1 | PO Vz Group 2
5 -Vz -y BO Vy Group 2 [ BO Vz Group 2 | PO Vy Group 2 | PO Vz Group 2
6 vz - BO Vz Group 2 - PO Vz Group 2
Weld Properties:
Symbol Description Value
Type Weld Type Fillet
me flange Fillet weld size at Top Flange 7.000 mm
Whottom_flange | Fillet weld size at Bottom Flange 7.000 mm
Web Fillet weld size at Web 7.000 mm
Ey top_flange Weld throat at Top Flange 4.950 mm
Ey bottom_flange | Weld throat at Bottom Flange 4.950 mm
By web Weld throat at Web 4.950 mm
Fepo Filler metal classification strength (E70xx) | 480.000 MPa
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REFERENCES CALCULATIONS RESULTS

Summary of Detailing Checks

Check Name Dimensions (Min/Max/Actual) Status Reference
Weld Size Requirement (Flange) m‘r’; 5.00 mm, Max: 19.00 mm, Actual: 7.00 PASS | AISC 360-22 Table 2.4
Weld Size Requirement (Web) Min: 5.00 mm, Max: 19.00 mm, Actual: 7.00 PASS | AISC 360-22 Table J2.4
Anchor Clearance Min: 30.16 mm, Actual: 39.57 mm PASS SkyCiv Recommendation
Base Plate Edge Distance Min: 24.00 mm, Actual: 75.00 mm PASS [ AISC 360-22 Table J3.4 & Table J3.5
Minimum Number of Anchors Min: 4.00, Actual: 6.00 PASS 4AI§C Design Guide 1 3rd Ed-‘Section
Embedded Plate Dimension Min: 64.00 mm, Actual: 70.00 mm PASS SkyCiv Recommendation
gﬂgﬂiﬁﬁéhor Spacing to Prevent Concrete Min: 64.00 mm, Actual: 100.00 mm PASS | ACI 318-19 Table 17.9.2(a)
il mgcrete Cover to Prevent Concrete Min: 40.00 mm, Actual: 100.00 mm PASS | ACI 318-19 Table 20.5.1.3.1

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 0.05 0.69 0.08 PASS
Base Plate Yield Capacity (Tension Load) 1 232.86 749.02 0.31 PASS
Anchor Rod Tensile Capacity 1 5.00 43.19 0.12 PASS
Concrete Breakout Capacity (Tension Load) 1 30.00 47.75 0.63 PASS
Anchor Pullout Capacity 1 5.00 422.40 0.01 PASS
Embed Plate Flexural Capacity 1 2.99 10.00 0.30 PASS
Concrete Side-Face Blowout Capacity (Y-Direction 1 15.00 239.51 0.06 PASS
Concrete Side-Face Blowout Capacity (Z-Direction 1 10.00 197.86 0.05 PASS
Concrete Breakout Capacity (Vy Shear] 1 3.00 10.97 0.27 PASS
Concrete Breakout Capacity (Vz Shear) 1 6.00 17.92 0.33 PASS
Concrete Pryout Capacity (Vy Shear) 1 3.00 50.68 0.06 PASS
Concrete Pryout Capacity (Vz Shear) 1 6.00 72.53 0.08 PASS
Anchor Rod Shear Capacity 1 2.50 22.46 0.11 PASS
Anchor Rod Capacity (AISC Tension and Shear’ 1 2.50 35.09 0.07 PASS
Interaction Check (ACI 1 0.96 1.20 0.80 PASS

v All Design Checks Passed

The design is adequate.
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REFERENCES CALCULATIONS RESULTS

Load Combination No. 1: Tension Load and Shear Load

Check No. 1: Weld Capacity

Fig. Effective welds on column to base plate.
Calculate effective weld length on column web
deor = 350.52 mm - Column depth

ty = 9.779 mm - Column flange thickness

Teot = 10.16 mm - Column root radius

sy = 100 mm - Spacing of anchor rods along Y-axis
Naside = 3 - Number of anchor rods in tension per side

I, - Remaining weld length near weld tip

deot — 2t — 2701 — Sy (Naside — 1) 350.52 mm — 2 x 9.779 mm — 2 x 10.16 mm — 100 mm X (3 — 1)
2 B 2

I, = = 55.321 mm

d, = 46.571 mm - Web offset distance
8y = 100 mm - Spacing of anchor rods along Y-axis

leff.end - Effective weld length on end anchors

leff,end = min (do, 0.5sy) + min (d,, L)

leff,end = min (46.571 mm, 0.5 x 100 mm) + min (46.571 mm, 55.321 mm) = 93.142 mm

leff,int - Effective weld length on intermediate anchors

leff,int = min (2d,, sy) = min (2 X 46.571 mm, 100 mm) = 93.142 mm

lejs - Design effective weld length
lefr = min (Lerend, lefr,int) = min (93.142 mm, 93.142 mm) = 93.142 mm
Calculate load per unit length of weld
N, = 30 kN - Tension load
Nat = 6 - Number of anchors in tension
legs = 93.142 mm

Twanchor - Tension load per anchor

N, 30 kN
Tuanchor = — = ——— = 5kN
a,t 6
Tu,web - Required weld strength per unit length
Th,anchor 5 kN

= 0.053681 kN/mm

e —

I,  BiZom
Calculate total weld length on column flange and web

deor = 350.52 mm - Column depth

by = 170.94 mm - Column flange width

ty = 9.779 mm - Column flange thickness

ty = 6.858 mm - Column web thickness

Teol = 10.16 mm - Column root radius

Lyeq - Total length of weld

Luyeta = 2bf + 2 (deot — 2tf — 27co1) + 2 (by — tw — 27col)

Lyerd = 2 x 170.94 mm + 2 x (350.52 mm — 2 x 9.779 mm — 2 x 10.16 mm) + 2 x (170.94 mm — 6.858 mm — 2 x 10.16 mm)

Lyera = 1250.7 mm
Calculate shear load per unit length of weld
V, = 3 kN - Vy shear load
V. = 6 kN - vz shear load
Vyy - Required weld strength per unit length

Vy 3 kN

Y= 2T (.0023987 kN
Lued  1250.7 mm /mm

Vyy =

Uy - Required weld strength per unit length
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V. = 6kN
Lyeia  1250.7 mm

= 0.0047973 kN /mm

Vuz =

Calculate resultant loads per unit length of weld at flanges
Ty - Required weld strength per unit length

Ty = <(vuy)2) + ((UM)Z)

= \/ ((040023987 kN/mm)z) n ((0.0047973 kN/mm)z) — 0.0053636 kN/mm

Calculate resultant loads per unit length of weld at web
T, - Required weld strength per unit length

re= f (Cesal?) + (0)?) + ((00?)

Y= \/ ((0.03681 kN/mm)z) + ((040023987 KN/mm)?) + ((0.0047973 kN/mm)2)

7y = 0.053949 kN/mm
Calculate fillet weld capacity on flange
Fore = 480 MPa - Filler metal classification strength (E70xx)
Ey, = 4.95 mm - Design weld throat

¢ = 0.75 - Weld resistance factor

AISC 360-22 Cha&%r_e&g;; 6 - Load angle from weld axis

P ( vuy> R ( 0.0023987 kN /mm

= 7> = 0.46365 rad
0.0047973 kN /mm

Vuz

AISC 360-22 Ch%‘;t_e('}éz_;)—g kgs - Directional strength increase factor

kas = 1.0+ 0.5(sin (6))"° = 1+ 0.5 x (sin (0.46365 rad))"® = 1.1495

AISC 360-22 Chak_ﬁ:?teggg @rn, f1g - Design strength of fillet welds per unit length

G fig = $0.6 Fegy Eyykigs = 0.75 x 0.6 x 480 MPa x 4.95 mm x 1.1495 = 1.2291 kN/mm

Calculate fillet weld capacity on web

Fepy = 480 MPa - Filler metal classification strength (E70xx)
E,, = 4.95 mm - Design weld throat

¢ = 0.75 - Weld resistance factor

AISC 360-22 ChaE;gle(rljZZ_;jA 6 - Angle of resultant load with respect to the weld axis

1 Vuy 1 ( 0.0023987 kN/mm
6 = cos — ) =cos ——— | = 1.5263 rad
u 0.053949 kN /mm

AISC 360-22 ChaE;:;e(rJJZZ_.;; kqs - Directional strength increase factor

Kgs = 1.0+ 0.5(sin (6))"° = 1+ 0.5 x (sin (1.5263 rad))"® = 1.4993

AISC 360-22 ChaE;ge(rIJZZ_;; ¢7‘n,meb - Design strength of fillet welds per unit length

O web = $0.6 Fezy Eykas = 0.75 x 0.6 x 480 MPa x 4.95 mm x 1.4993 = 1.603 kN/mm

Calculate base metal capacities
Fyy_co = 448.2 MPa - Column tensile stress (A992)

teolhalf = 3.429 mm - Half of column thickness (minimum of flange and web)
F, 1, = 400 MPa - Base plate tensile stress (A36)

tpp = 12 mm - Base plate thickness

¢ = 0.75 - Shear rupture resistance factor

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

GTnbm,col = PO.6Fy_cotteothalf = 0.75 x 0.6 x 448.2 MPa x 3.429 mm = 0.6916 kN/mm
AISC 360-22 Eq. J4-4 @Tnbm,bp - Design shear rupture strength of base metal (base plate)

Drubmpp = $0.6F, ppty, = 0.75 x 0.6 x 400 MPa x 12 mm = 2.1595 kN/mm

AISC 360-22 Eq. J4-4 | ¢rppm - Governing design shear rupture strength of base metal

Gbm = MiN (Probmbp, Prabm,col) = min (2.1595 kN/mm, 0.6916 kN/mm) = 0.6916 kN/mm

Result: PASS = 0.08

DCR - Demand over capacity ratio, comparing four conditions:

T T T T
DCR = max <—" , ——, ——, —— >
Pabm  Prubm  PTuweb  Plnflg

0.053949 kN/mm  0.0053636 kN/mm  0.053949 kN/mm  0.0053636 kN/mm
DCR = max

0.6916 kN/mm ~  0.6916 kN/mm ~  1.603 kN/mm ~  1.2291 kN/mm
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DCR = 0.078006

Go back to summary results
table.

AISC Design Guide 01 3rd
Ed. Section 4.3.2

AISC 360-22 Chapter F2

AISC 360-22 Eq. 2-1

Check No. 2: Base Plate Yield Capacity (Tension Load)

'

anchor

Fig. Bending of base plate from eccentric anchor load.
Calculate applied moment load on effective width of base plate
Ty anchor = 5 kN

e = 46.571 mm - Tensile load eccentricity equal to offset distance

M, - Required flexural yielding strength of base plate
M, = Tyanchore = 5 kN x 46.571 mm = 232.86 kN-mm

Calculate flexural yielding capacity of base plate
lepr = 93.142 mm

tpp, = 12 mm - Base plate thickness

Zeyy - Plastic modulus of the effective section

= 3353.1 mm®

lﬁff(tbp)2 93.142 mm x (12 mm)?
y =

Zejs = 7

F, 3, = 248.2 MPa - Base plate yield stress (A36)
¢ = 0.9 - Flexural resistance factor

@M, - Design flexural yielding strength of base plate

M, = $F, 1, 7055 = 0.9 x 248.2 MPa x 3353.1 mm? = 749.02 kN-mm

Result:

DCR - Demand-to-Capacity Ratio

M, 232.86 kN-mm
DCR = = ——————— =0.31088
oM, 749.02 kN-mm

Go back to summary results
table.

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

ASME B1.1-2019 Table 1

AClI 318-19 Clause
R17.6.1.2

Check No. 3: Anchor Rod Tensile Capacity

Fig. Anchor steel tension failure.
Calculate load per tension anchor
N, = 30 kN - Tension load

Nqt = 6 - Number of anchors in tension
Nua - Required tensile strength of anchor

_ Ne _ 30KN _

Na,t
Calculate specified tensile strength of anchor
Fy_ane = 517.1 MPa - Anchor rod tensile stress (F1554 Gr.55)

Fy ane = 379.2 MPa - Anchor rod yield stress (F1554 Gr.55)
futa - Specified tensile strength of anchor steel
futa = min (0.75F _anc, 1.9Fy ape, 860) = min (0.75 x 517.1 MPa, 1.9 x 379.2 MPa, 860.00 MPa) = 387.82 MPa
Calculate effective cross-sectional area of anchor
d, = 16 mm - Anchor rod diameter

n; = 0.433 mm~! - 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,N - Effective cross-sectional area of anchor in tension

2 2
Ase,n = z (da - 09743) =Ix <16 mm — LMS) = 148.49 mm?
4 ™ 4 0.433 mm—!

Calculate anchor steel tensile capacity
¢ = 0.75 - Anchor steel tension resistance factor (ACI)
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ACI 318-19 Eq. 17.6.1.2 | ¢ Ny, - Design anchor rod steel strength

ONso = ¢Ase N futa = 0.75 x 148.49 mm? x 387.82 MPa = 43.19 kN

Result:

DCR - Demand-to-Capacity Ratio

DCR= N _ _SEN __ )50
#N,. 43.19KkN

Go back to summary results
table.

Check No. 4: Concrete Breakout Capacity (Tension Load)

PLAN VIEW

51 2l

z
hef
FRONT VIEW

SIDE VIEW

Calculate total tension load on anchor group
N, = 30 kN - Tension load

Nqt = 6 - Number of anchors in tension
Tag1 = 6 - Number of anchors in anchor group BO 1

Nua - Required concrete breakout tensile strength of an anchor group
N, 30 kN
Nua = (_‘ )”a,gl = (—) x 6 = 30 kN
Tat 6

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.

17.6.2.1.2
Symbol Description Value
Cleft,gl Anchor group BO 1 concrete edge distance (left) 100.0 mm
Cright,g1 | Anchor group BO 1 concrete edge distance (right) 100.0 mm
Ctop,g1 Anchor group BO 1 concrete edge distance (top) 150.0 mm
Chottom,gl Anchor group BO 1 concrete edge distance (bottom) 150.0 mm
hef Anchor rod effective embedment length 400.0 mm
Narrow Member TRUE
hi’[,_ql Anchor group BO 1 modified effective embedment length [ 100.0 mm

C e {l proj; d area for a single anchor
AClI 318-19 Clause R
17.6.2.1.2

i-f = 100 mm - Anchor group BO 1 modified effective embedment length

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

Aveo = 9(H, )2 =9 % (100 mm)® = 90000 mm?
o ef,g1

Calculate length of actual projected cone area (along Z-direction)
Nz g1 = 2 - Number of anchors along Z-axis for anchor group BO 1

Shear and Tension Design Example for AISC - Base Plate Design Report
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ACl 318-19 Clause 17.6.2

ACI 318-19 Clause 17.6.2

ACI 318-19 Clause 17.6.2

ACl 318-19 Table 17.2.4.1

ACI 318-19 Clause
17.6.2.2.1

ACI 318M-19 Eq. 17.6.2.2.1

AClI 318-19 Clause
17.6.2.4.1

AClI 318-19 Clause
17.6.2.4.1

ACI 318-19 Clause
17.6.2.4.1
ACI 318-19 Clause
17.6.2.5.1

ACI 318-19 Clause
17.6.2.6.2

ACI 318-19 Clause
17.6.2.4.1

ACI 318-19 Eq. 17.6.2.1b

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

Ly, = min (Clen.gh 1.5h;‘~)g1) + (min (Ssum,z.glv 3h;,fyg1 (ng g1 — 1))) + min (Crightvﬂl’ 1'5h,eﬂgl)

Lye = min (100 mm, 1.5 x 100 mm) + (min (100 mm, 3 x 100 mm X (2 — 1))) 4+ min (100 mm, 1.5 x 100 mm)

Ly, = 300 mm

Calculate width of actual projected cone area (along Y-direction)
ny,g1 = 3 - Number of anchors along Y-axis for anchor group BO 1

Bn. - Actual width of concrete cone for an anchor group

By. = min (cwp,gh 1'5h,ef,g1) + (min (Ssum.y.gh 3hlef‘g1 (ny,g1— 1))) + min (Cbottomvglv 1'5h,ef.gl)

By, = min (150 mm, 1.5 x 100 mm) + (min (200 mm, 3 x 100 mm x (3 — 1))) + min (150 mm, 1.5 x 100 mm)

By, = 500 mm

Calculate actual projected area of the anchor group
Tag1 = 6 - Number of anchors in anchor group BO 1

Ane - Actual projected area for an anchor group

Ape = min (nag1Axeo, LneBxe) = min (6 x 90000 mm?, 300 mm x 500 mm) = 150000 mm?

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

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

Calculate basic single anchor breakout strength
f¢ = 20.68 MPa - Concrete compressive strength (20.68)

k. = 10 - Factor for cast-in anchors breakout strength

N, - Basic single anchor breakout strength

MPa \ mm

1.5
Nh:10x1x,/wx 100mm )\ ™ 001 1N = 45.475 kN
1 MPa 1 mm

Calculate minimum edge distance of anchor

— /W 15
Ny = kAo f_’(ﬂ) N

Ca,min - Shortest edge distance

Caymin = N (Cleft,gl, Crightgl, Ctop.gls Chottom,gl) = min (100 mm, 100 mm, 150 mm, 150 mm) = 100 mm

Calculate edge effect factor

W, 4N - Breakout edge effect factor

Ca,min
G = min (1.0, 07403 [ 220} ) — in (1, 07403 x (—20mm )Y _ g
L5h 1.5 x 100 mm

Calculate eccentricity factor

ef = 0 - Eccentricity of the resultant tensile force (assumed 0 for tension)

W, N - Breakout eccentricity factor

1 1
Yeeny =min [ 1.0, ——— | =min |1, ———— | =1
1 20 14 —2x0

+ 3x100 mm
3hig g1

Calculate concrete breakout capacity of the anchor group

Weqn =09

‘I’L-,N = 1 - Breakout cracking factor (tension)
Wy N = 1 - Breakout concrete splitting factor
Peen =1

¢N(.bg - Design concrete breakout strength in tension of an anchor group

Ane
¢Nepg = ¢ N Yo NYed NV e NV op N Ny
Aneo

150000 mm?

Nuy = 0.7 x
9 Notg ( 90000 mm?

> x1x0.9x1x1x45.475 kN = 47.749 kN

Result:

DCR - Demand-to-Capacity Ratio

poR— Nu __30kN

= —0.62828
Ny ATTA9KN

Shear and Tension Design Example for AISC - Base Plate Design Report
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Go back to summary results
table.

Check No. 5: Anchor Pullout Capacity

Fig. Headed anchor concrete pullout failure.
Calculate load per tension anchor
N, = 30 kN - Tension load

Nat = 6 - Number of anchors in tension

Nua - Required pull-out strength of cast-in anchor

N, kN
Ny = —7= 30 =5kN
Tt
Calculate area of bearing on embedded head
d, = 16 mm - Anchor rod diameter
Ayoq - Area of anchor rod
Apoa = %(du)2 = % % (16 mm)? = 201.06 mm®

bembed_plate = 70 mm - Anchor embed plate diameter

A;M - Net area of bearing for circular end

% (70 mm)® — 201.06 mm? = 3647.4 mm>

™ 2 T
Ay = Z(bsmbed,plute) —Aoq = "

Calculate basic anchor pullout strength

f¢ = 20.68 MPa - Concrete compressive strength (20.68)

ACI 318-19 Eq. 17.6.3.2.2a | N, - Basic single anchor pullout strength for cast-in headed anchors

Ny = 8Apy (fc) = 8 x 3647.4 mm? x (20.68 MPa) = 603.42 kN
Calculate anchor pullout strength in tension
¢ = 0.7 - Concrete tension resistance factor
ACI 318-19 Clause 17.6.3.3 ¥, p = 1 - Pullout cracking factor
ACI 318-19 Eq. 17.6.3.2.2a N, = 603.42 kN

ACl 318-19 Eq. 17.6.3.1 ¢Nm - Design pull-out strength of cast-in anchor in tension

ONpn = ¢¥. pNy = 0.7 x 1 x 603.42 kN = 422.4 kN

Result: PASS = 0.01

DCR - Demand-to-Capacity Ratio

Nyo 5 kN
DCR = = ———— =0.011837
SNy, 422.4 kN

Go back to summary results
table.

Check No. 6: Embed Plate Flexural Capacity

This additional check is to confirm the embed plate has enough thickness to resist flexural yielding.
Calculate load per tension anchor

T, - Load per anchor

N, 30 kN
T, = T = _5kN

Tat 6
Calculate one side width of embed plate
bembed plate = 70 mm - Anchor embed plate diameter
d, = 16 mm - Anchor rod diameter
b’ - Remaining embed plate dimension

Y — bmnbed,p;ate —d, _ 70 mm; 16 mm — 97 mm

C e flexural d
Aprg = 3647.4 mm?

on plate (taken as moment per unit length)

my - Moment force from uniform pressure

Ta 2 kN 2
= (v 5— % (27 mm)
my = ( Aw2) - (st o )2 = 0.49967 kN

C I the mini bed plate thickness for flexural yielding
The embed plate yield grade is assumed to match the base plate grade.
Fy op = 248.2 MPa - Embed plate yield stress (A36)

¢ = 0.9 - Flexural resistance factor

tmin - Required thickness of embed plate

Shear and Tension Design Example for AISC - Base Plate Design Report
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Amy 4% 0.49967 kN
tmin = = —2.9912
’ SFy o 0.9 x 248.2 MPa mm

Check actual embed plate thickness
tactual - Provided embed plate thickness

tactual = tembed_plate = 10 mm

Result:

DCR - Demand-to-Capacity Ratio

tmin _ 2.9912 mm

tactual 10 mm

DCR = = 0.29912

PASS = 0.30

Go back to summary results
table.

Check No. 7: Concrete Side-Face Blowout Capacity (Y-Direction)

sy

PLAN VIEW

FRONT VIEW

SIDE VIEW

Calculate total tension load on anchor group in Y-direction

N, = 30 kN - Tension load

Mgt = 6 - Number of anchors in tension

Ny, g1 = 3 - Number of anchors along Y-axis for anchor group SFy 1

Nua - Required concrete side-face blowout strength of an anchor group along Y-axis

Nup = (&)wgl - <_30 kN) x3=15kN
TNat 6

a,

Symbol Description Value
Cleft,gl [ Anchor group SFy 1 concrete edge distance (left) 100.0 mm
Cright,g1 | Anchor group SFy 1 concrete edge distance (right) 200.0 mm
Ctop,gl Anchor group SFy 1 concrete edge distance (top) 150.0 mm
Chottom,g1 | Anchor group SFy 1 concrete edge distance (bottom) [ 150.0 mm
Ssum,y,gl | Anchor group SFy 1 sum of spacing along Y-axis 200.0 mm

Calculate minimum edge distance to failure edge
Cleft,g1 = 100 mm - Anchor group SFy 1 concrete edge distance (left)

Cright,g1 = 200 mm - Anchor group SFy 1 concrete edge distance (right)

Czmin - Minimum edge distance along Z-axis

C2min = TN (Cleft,g1, Cright,gl) = min (100 mm, 200 mm) = 100 mm

Calculate minimum edge distance to the orthogonal edge
Ctop,gt = 150 mm - Anchor group SFy 1 concrete edge distance (top)

Chottom,g1 = 150 mm - Anchor group SFy 1 concrete edge distance (bottom)

Cy,min - Minimum edge distance along Y-axis

Shear and Tension Design Example for AISC - Base Plate Design Report
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Calculation for critical
anchor group: Anchor Group
SFy 1.
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Cymin = MiN (Ctop,gl; Chottom,gl) = Min (150 mm, 150 mm) = 150 mm

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 inal side-f:

e bl of the group anchor along Y-direction
Ssum,y,g1 = 200 mm - Anchor group SFy 1 sum of spacing along Y-axis

f¢ = 20.68 MPa - Concrete compressive strength (20.68)

Apg = 3647.4 mm?

ACI 318M-19 Eq. 17.6.4.1 Nsby - Nominal side-face blowout strength of multiple headed anchors (close to perpendicular edge)

1 Cyimin

C2min Ssum,y,gl Czmin Ab'rg f("
Ny = | —— o 0 | g (2 [ 200y, N
b 4 + 6¢.min 3 mm mm?2 MPa

14 150 mm p
Ny = 700 mm 4 200 mm %13 x 100 mm « 3647.4 mm’ % 1x 20.68 MPa % 0.001 kN
4 6 x 100 mm 1 mm 1 mm? V 1MPa

Nyy = 342.16 kN

Calculate design side-face blowout of anchor group along Y-direction
¢ = 0.7 - Concrete tension resistance factor

ACI 318-19 Clause 17.6.4.1 ¢Ngyy - Design concrete side-face blowout strength of headed anchors

@ Nbg = ¢Napy = 0.7 x 342.16 kN = 239.51 kN

Result:

PASS = 0.06
DCR - Demand-to-Capacity Ratio

N, 15 kN
DCR= —* = ———
éNgy  239.51 kN

= 0.062628

Go back to summary results
table.

Check No. 8: Concrete Side-Face Blowout Capacity (Z-Direction)

o

N
—_—

(———— =]

FRONT VIEW

SIDE VIEW

Shear and Tension Design Example for AISC - Base Plate Design Report
Page 13 of 28
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Calculate total tension load on anchor group in Z-direction
N, = 30 kN - Tension load

Nt = 6 - Number of anchors in tension
n.,g1 = 2 - Number of anchors along Z-axis for anchor group SFz 1
Nua - Required concrete side-face blowout strength of an anchor group along Z-axis

Nua = (N’)nz,glz <—30;N> x 2 =10kN

Na,t

Symbol Description Value

Cleftgl | Anchor group SFz 1 concrete edge distance (left) 100.0 mm
Cright,g1 | Anchor group SFz 1 concrete edge distance (right) 100.0 mm
Ctop,gl Anchor group SFz 1 concrete edge distance (top) 150.0 mm

Chottom,g1 | Anchor group SFz 1 concrete edge distance (bottom) [ 350.0 mm

Ssum,zgl | Anchor group SFz 1 sum of spacing along Z-axis 100.0 mm

Calculation for critical
anchor group: Anchor Group
SFz 1.

Calculate minimum edge distance to the failure edge

Ctop,gt = 150 mm - Anchor group SFz 1 concrete edge distance (top)
Chottom,g1 = 350 mm - Anchor group SFz 1 concrete edge distance (bottom)

Cy,min - Minimum edge distance along Y-axis
Cymin = MIN (Ctop,gl, Chottom,gl) = Min (150 mm, 350 mm) = 150 mm

Calculate minimum edge distance to the orthogonal edge
Cleft,g1 = 100 mm - Anchor group SFz 1 concrete edge distance (left)

Cright,g1 = 100 mm - Anchor group SFz 1 concrete edge distance (right)

Czmin - Minimum edge distance along Z-axis
C2min = TN (Cleftg1, Cright,gl) = min (100 mm, 100 mm) = 100 mm

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 inal side-face bl of the group anchor along Z-direction
Ssum,zg1 = 100 mm - Anchor group SFz 1 sum of spacing along Z-axis

f¢ = 20.68 MPa - Concrete compressive strength (20.68)
Aprg = 3647.4 mm?

ACI 318M-19 Eq. 17.6.4.1 Njpy - Nominal side-face blowout strength of multiple headed anchors (close to perpendicular edge)

1 Cz,min
Cpmin— Ssum,zgl Aprg fe
Nug = o Ao
4 6cy,min mm? MPa

14 100 mm 5
Ny = 150 mm + 100 mm %13 x 150 mm « 3647.4 mm %1 x 20.68 MPa % 0.001 kN
4 6 x 150 mm 1 mm 1 mm? 1 MPa

Niby = 282.65 kN

Calculate design side-face blowout of anchor group along Z-direction
¢ = 0.7 - Concrete tension resistance factor

ACI 318-19 Clause 17.6.4.1 ¢Ng, - Design concrete side-face blowout strength of headed anchors

¢ Npyg = ¢Ngpg = 0.7 x 282.65 kN = 197.86 kN

Result: PASS = 0.05

DCR - Demand-to-Capacity Ratio

N, 10 kN
DCR= —% = ———— =0.050542
¢ Ny 197.86 kN
Go back to summary results
table.
Check No. 9: Concrete Breakout Capacity (Vy Shear)
Only the anchors nearest to the failure edge are assumed to resist the shear load.
For breakout capacity on failure edge perpendicular to load:
sz
——
Y
. 4 [$
asa/||”
o °
6 3
o e
z 5 2
o o

Shear and Tension Design Example for AISC - 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

ACI 318-19 Clause
17.7.2.1.1

ACI 318-19 Clause
17.7.2.1.1

PLAN VIEW

,,,,,,,,, silof
z

FRONT VIEW
,,,,,,, o e I | I

SIDE VIEW

Calculate total shear load on anchor group. Consider one side only.
V, = 3 kN - Vy shear load

Mg,y = 2 - Number of anchors resisting +Vy shear
Na,g1 = 2 - Number of anchors in anchor group BO Vy 1
Va1 - Required concrete breakout shear strength of anchor group with failure edge perpendicular to load

sz%(””’“) :3kNx(§> —3kN

Tlavy

Determine if the support is a narrow concrete member

The support is not a narrow member.

Symbol Description Value

Cleft,gl Anchor group BO Vy 1 concrete edge distance (left) 100.0 mm

Cright,g1 | Anchor group BO Vy 1 concrete edge distance (right) 100.0 mm

Ctop,gl Anchor group BO Vy 1 concrete edge distance (top) 150.0 mm

Chottom,g1 | Anchor group BO Vy 1 concrete edge distance (bottom) [ 350.0 mm

teone Concrete thickness 500.0 mm

S, Spacing of anchor rods along Z-axis 100.0 mm

Cal,gl Anchor group distance to failure edge (+Vy shear) 150.0 mm
Narrow Member FALSE

Calculate maximum projected area for a single anchor

Ca1,g1 = 150 mm - Anchor group distance to failure edge (+Vy shear)

Ay, - Maximum projected area for a single anchor
Ayeo = 4.5(carg1)’ = 4.5 x (150 mm)® = 101250 mm?>

Calculate width of actual projected area on failure surface

Ssum,zg1 = 100 mm - Anchor group BO Vy 1 sum of spacing along Z-axis

n,g = 2 - Number of anchors along Z-axis for anchor group BO Vy 1

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

By, = min (Cleft,g1, 1.5Ca1,g1) + (Min (Ssumzgl, 3Ca1,gl (Nzg1 — 1))) + min (Cright g1, 1.5Ca1,61)

By, = min (100 mm, 1.5 x 150 mm) + (min (100 mm, 3 x 150 mm X (2 — 1))) 4+ min (100 mm, 1.5 x 150 mm)

By, = 300 mm

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 150 mm, 500 mm) = 225 mm
Calculate actual projected area

Ay, - Actual projected area

Ay, = By Hy,. = 300 mm x 225 mm = 67500 mm®

Shear and Tension Design Example for AISC - Base Plate Design Report
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ACI 318-19 Table 17.2.4.1

ACI 318-19 Clause
17.7.2.2.1

ACI 318M-
17.

-19 Eq.
7.2.2.

la

ACl 318M 19 E
7.2.2.1 b

AClI 318-19 Clause
17.7.2.2.1

AClI 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

ACI 318-19 Clause
17.7.2.5.1

ACl 318 19 CIause
.1(b)

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

. - Modification factor for lightweight concrete

A=10A=1x1=1

Calculate load bearing length of the anchor
hey = 400 mm - Anchor rod effective embedment length

le - Load bearing length (equal to embedment height)

le = hey = 400 mm

Calculate basic single anchor breakout strength
f¢ = 20.68 MPa - Concrete compressive strength (20.68)

d, = 16 mm - Anchor rod diameter

Vi1 - Basic single anchor breakout strength condition 1

min (le, 8da,) Cal gl 5
() ()

min (400 mm, 8 x 16 mm)\*? . \/16 mm \/20.68 MPa (150 mm
1 mm 1 MPa

15
Vip = 0.6 x < ) x 0.001 kN

16 mm 1 mm

Vi1 = 30.391 kN

Vi - Basic single anchor breakout strength condition 2

Vio = 370y | L (21
= MPa \ mm

1.5
Vis= 3.7 x 1 /288 MPa (150 mm ) 500 061 kN — 30,011 kN
1 MPa 1 mm

V4 - Basic single anchor breakout strength
Vi = min (Vi,1, Vi) = min(30.391 kN, 30.911 kN) = 30.391 kN

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

W,y - Breakout eccentricity factor

1 1
Yoy =min [1.0, ———— | =min |1, ——— | =1
. ) &’ < ’ H—sxfsﬁ”mm)
Bca1g1

Calculate edge effect factor
ca2,91 = 100 mm - Anchor group distance to failure edge (+Vy shear)

W4y - Breakout edge effect factor

C.
Goay = min (1.0, 0.7+ 0.3 [ —22)) — min (1, 0.74 0.3 x [ —201m ) _ (53333
1.5Ca1,1 1.5 x 150 mm

Calculate thickness factor
\11;va - Breakout thickness factor

1.5¢a1¢1

1.0 = max /145><150mm‘1 —1
500 mm

Calculate concrete breakout capacity at the perpendicular edge

Wy = max (

teone

¢ = 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)

Ay,
Vebg1 = ¢<AV )‘I’ec,v‘l’ed,v‘l’a,v‘l’h,v%

67500 mm?

PVing1 = 0.65 x <7) x 1% 0.83333 x 1 x 1 x 30.391 kN = 10.974 kN
i 101250 mm?

For breakout capacity on failure edge parallel to load:

Shear and Tension Design Example for AISC - Base Plate Design Report
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PLAN VIEW

5| 2

FRONT VIEW

SIDE VIEW

Calculate total shear load on anchor group. Consider one side only.
V,, = 3 kN - Vy shear load

Assume Vy load is acting perpendicular to the anchors along the failure edge.
Nawz = 3 - Number of anchors resisting +Vz shear

Ng,g1 = 3 - Number of anchors in anchor group BO Vz 1

VfaH - Required concrete breakout shear strength of anchor group with failure edge parallel to load

Vil :Vu<na""l) — 3KN x <§> —3kN
7\ Mgz 3

Determine if the support is a narrow concrete member

Acl 318’11; gg"?lsg The support is not a narrow member.

Symbol Description Value

Cleft,gl Anchor group BO Vz 1 concrete edge distance (left) 200.0 mm
Cright,g1 | Anchor group BO Vz 1 concrete edge distance (right) 100.0 mm
Ctop,gl Anchor group BO Vz 1 concrete edge distance (top) 150.0 mm

Chottom,g1 | Anchor group BO Vz 1 concrete edge distance (bottom) [ 150.0 mm

teone Concrete thickness 500.0 mm

Sy Spacing of anchor rods along Y-axis 100.0 mm

Cal,gl Anchor group distance to failure edge (+Vz shear) 100.0 mm
Narrow Member FALSE

Calculation for critical
anchor group: Anchor Group
BOVz1.

Calculate maximum projected area for a single anchor
AClI 318-19 Clause

177510 | Cargl = 100 mm - Anchor group 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(ca1,g1)” = 4.5 x (100 mm)® = 45000 mm?

Calculate width of actual projected area on failure surface

Ssum,y,g1 = 200 mm - Anchor group BO Vz 1 sum of spacing along Y-axis

Ny, g1 = 3 - Number of anchors along Y-axis for anchor group BO Vz 1

Act 318-11; gl;uls; By, - Actual width of failure surface for an anchor group

By, = min (Ciop,g1; 1.5Ca1,g1) + (Min (Ssum,y,g1, 3Cargr (Nygr — 1))) + min (Chottomg1, 1.5Ca1,g1)

By, = min (150 mm, 1.5 x 100 mm) + (min (200 mm, 3 x 100 mm X (3 —1))) 4+ min (150 mm, 1.5 x 100 mm)

By, = 500 mm

Calculate height of actual projected area on failure surface

AC 318‘11? 705“35? Hy. - Actual height of projected area

Hy. = min (1.5¢a1,41, teonc) = min (1.5 x 100 mm, 500 mm) = 150 mm

Calculate actual projected area

Shear and Tension Design Example for AISC - 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

AClI 318-19 Clause
17.7.2.2.1

ACI 318M-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)

AClI 318-19 Clause
17.7.2.1(c)

Ay, - Actual projected area

Ay, = By Hy, = 500 mm x 150 mm = 75000 mm’

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

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

Calculate load bearing length of the anchor
hey = 400 mm - Anchor rod effective embedment length

le - Load bearing length (equal to embedment height)
le = hey = 400 mm

Calculate basic single anchor breakout strength
f¢ = 20.68 MPa - Concrete compressive strength (20.68)

d, = 16 mm - Anchor rod diameter

Vi1 - Basic single anchor breakout strength condition 1

min (L, 8d.)\** [d, . [ o (cam )"
Vi =06 ———— — X = - N
o ( d, ) mm MPa ( mm )

min (400 mm, 8 x 16 mm))w y \/16 mm \/2068 MPa <100 mm

1 mm 1 MPa 1 mm

Vi = 0.6 x < 16 mm

15
) x 0.001 kN

Vi1 = 16.543 kN

Via - Basic single anchor breakout strength condition 2

MPa \ mm

1.5
Vio— 3.7 x 1% /2288 MPa (100 mm ™) 000 N~ 16.826 kN
1 MPa 1 mm

V, - Basic single anchor breakout strength

3 1.5
Vio = 3,70 L (—C“’gl> N

Vi = min (Vi Viz) = min(16.543 kN, 16.826 kN) = 16.543 kN

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

W,.v - Breakout eccentricity factor

1 1
g | T win (1’ W) =1
1+ — 1+ 5500 mm

3cal,gl

Wy = min | 1.0,

Calculate thickness factor
\Ilhy - Breakout thickness factor

1.5¢, .
W,y = max &7 1.0 | = max W, 1) =1
' teone V" 500 mm

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

‘PL',V = 1 - Breakout cracking factor (shear)
W.qy = 1 - Breakout edge effect factor for parallel failure edge

d)Vcbg‘ - Design concrete breakout strength in shear of an anchor group (parallel edge)

Ave
Vepg = 2¢ (A—V) Yoo vWeav¥ev¥nyVh
Veo

75000 mm?

Vi = 2 % 0.65 x 2220 mm”
Wl <45000 mm?

>><1><1><1><1><16A543kN:35,842kN

Result:

DCR - Demand over capacity ratio, comparing two conditions:

Via
DCR:max( Veal fal )

HVebg1 " DVeg|

3 kN 3 kN

D = i
OR = max ( 10.974 kKN’ 35842 kN

> = 0.27336

PASS = 0.27

Go back to summary results
table.

Check No. 10: Concrete Breakout Capacity (Vz Shear)
Only the anchors nearest to the failure edge are assumed to resist the shear load.
For breakout capacity on failure edge perpendicular to load:

Shear and Tension Design Example for AISC - Base Plate Design Report
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Calculate total shear load on anchor group. Consider one side only.
V. = 6 kN - Vz shear load

Nawz = 3 - Number of anchors resisting +Vz shear
Ng,g1 = 3 - Number of anchors in anchor group BO Vz 1
Va1 - Required concrete breakout shear strength of anchor group with failure edge perpendicular to load

Vfuz%(”““) =6 kN x (g) — 6 kN

Na,vz

Determine if the support is a narrow concrete member
ACI 318-19 Clause h
17.7.2.1.2 The support is not a narrow member.

Symbol Description Value

Cleft,g1 | Anchor group BO Vz 1 concrete edge distance (left) 200.0 mm
Cright,g1 | Anchor group BO Vz 1 concrete edge distance (right) 100.0 mm
Ctop,gl Anchor group BO Vz 1 concrete edge distance (top) 150.0 mm

Chottom,gl | Anchor group BO Vz 1 concrete edge distance (bottom) [ 150.0 mm

téonc Concrete thickness 500.0 mm

Sy Spacing of anchor rods along Y-axis 100.0 mm

Cal,gl Anchor group distance to failure edge (+Vz shear) 100.0 mm
Narrow Member FALSE

Calculation for critical
anchor group: Anchor Group
BOVz1.

Calculate maximum projected area for a single anchor

ACI 318-19 Clause

17.751.2 ca1,g1 = 100 mm - Anchor group 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(car,g1)” = 4.5 x (100 mm)® = 45000 mm?

Calculate width of actual projected area on failure surface
Ssum,y,g1 = 200 mm - Anchor group BO Vz 1 sum of spacing along Y-axis
ny,g1 = 3 - Number of anchors along Y-axis for anchor group BO Vz 1
Act 318’11579. 7612&"“153‘ By, - Actual width of failure surface for an anchor group

By, = min (Ctop,g1, 1.5Ca1,g1) + (Min (Ssum,y,g1, 3Ca1,g1 (Ny,g1 — 1))) + min (Chottom,g1, 1-5Ca1g1)
By, = min (150 mm, 1.5 x 100 mm) + (min (200 mm, 3 x 100 mm X (3 — 1))) 4+ min (150 mm, 1.5 x 100 mm)

By, = 500 mm

Calculate height of actual projected area on failure surface

Hy. - Actual height of projected area

ACI 318-19 Clause
17.7.2.1.1

Shear and Tension Design Example for AISC - Base Plate Design Report
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AClI 318-19 Clause
17.7.2.1.1

ACI 318-19 Table 17.2.4.1

AClI 318-19 Clause
17.7.2.2.1

ACI 318M-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

ACI 318-19 Clause
17.7.2.5.1

ACI 318-19 Clause
17.7.2.1(b)

Hy, = min (1.5¢a1,41, teonc) = min (1.5 x 100 mm, 500 mm) = 150 mm

Calculate actual projected area
Ay, - Actual projected area

Ay, = By Hy, = 500 mm x 150 mm = 75000 mm?

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

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

Calculate load bearing length of the anchor
hey = 400 mm - Anchor rod effective embedment length

le - Load bearing length (equal to embedment height)
le = hey = 400 mm

Calculate basic single anchor breakout strength
f¢ = 20.68 MPa - Concrete compressive strength (20.68)

d, = 16 mm - Anchor rod diameter

Vi1 - Basic single anchor breakout strength condition 1

min (L, 8d.)\"* /74, 7o [ Cag \'P
Vit =06 ———) /==Xy/ 7 - N
o ( d, ) mm MPa ( mm )

min (400 mm, 8 x 16 mm 02 1
Vb1=0.6><< ( )> \/Gmm

16 mm 1 mm 1 MPa 1 mm

Vi1 = 16.543 kN

Via - Basic single anchor breakout strength condition 2

Via = 3.7\,

—F 15
fo ([ Cargt N
MPa \ mm

1.5
Vio= 3.7 x 1% /2288 MPa (00 mm AT o 007 N — 16.826 kN
1 MPa 1 mm

V, - Basic single anchor breakout strength
Vi = min (Vi,1, Vi) = min (16.543 kN, 16.826 kN) = 16.543 kN

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

W,.v - Breakout eccentricity factor

1 1
Wy = min | 1.0, — | = min <1, W) =1
14— 1+ 55550 mm

3calgl

Calculate edge effect factor
Ca2,91 = 150 mm - Anchor group distance to failure edge (+Vz shear)

W4y - Breakout edge effect factor

. Ca2,g1 . 150 mm
Ty = 1.0, 07403 —2£ 1)) = 1,07+03x [ —2 2
A,V = min ( + (Lscal_gl )) i ( +08x <1A5 % 100 mm

Calculate thickness factor
\I’hﬂv - Breakout thickness factor

1.5¢, .
¥y = max ﬁ, 1.0 | = max \/w, 1)=1
' teone 500 mm

Calculate concrete br ity at the perp edge

¢ = 0.65 - Concrete shear resistance factor

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

¢Veng 1 - Design concrete breakout strength in shear of an anchor group (perpendicular edge)

Ve

v _ A
¢ cbgL—(b(A

Veo

) VeeyWeav¥ev¥nyVe

75000 mm?

15000 mmZ x1x1x1x1x16.543 kN =17.921 kN
mm:

GVepgr = 0.65 x (

For breakout capacity on failure edge parallel to load:

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

Page 20 of 28

\/2068 MPa < 100 mm

15
) x 0.001 kN
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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

PLAN VIEW

||

FRONT VIEW

SIDE VIEW

Calculate total shear load on anchor group. Consider one side only.
V. = 6 kN - vz shear load

Assume Vz load is acting perpendicular to the anchors along the failure edge.
Tawy = 2 - Number of anchors resisting +Vy shear

Ta,g1 = 2 - Number of anchors in anchor group BO Vy 1
VfﬂH - Required concrete breakout shear strength of anchor group with failure edge parallel to load

Vil :Vz<na‘”l) =6 kN x <;>:6kN

Ma,vy

Determine if the support is a narrow concrete member

The support is not a narrow member.

Symbol Description Value

Cleft,gl | Anchor group BO Vy 1 concrete edge distance (left) 100.0 mm

Cright,g1 | Anchor group BO Vy 1 concrete edge distance (right) 100.0 mm

Ctop,gl Anchor group BO Vy 1 concrete edge distance (top) 150.0 mm

Chottom,g1 | Anchor group BO Vy 1 concrete edge distance (bottom) | 350.0 mm

. Concrete thickness 500.0 mm

S, Spacing of anchor rods along Z-axis 100.0 mm

Cal,gl Anchor group distance to failure edge (+Vy shear) 150.0 mm
Narrow Member FALSE

C e i proj; d area for a single anchor

Ca1,g1 = 150 mm - Anchor group distance to failure edge (+Vy shear)

Ay - Maximum projected area for a single anchor
Ao = 4.5(car, )’ = 4.5 x (150 mm)® = 101250 mm>

Calculate width of actual projected area on failure surface
Ssum,zgl = 100 mm - Anchor group BO Vy 1 sum of spacing along Z-axis

n:g1 = 2 - Number of anchors along Z-axis for anchor group BO Vy 1

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

By, = min (Cleft,g1, 1.5¢a1g1) + (Min (Ssum,z,g1, 3Ca1,g1 (Nzg1 — 1))) + min (Cright,g1, 1.5Ca1,61)

By, = min (100 mm, 1.5 x 150 mm) + (min (100 mm, 3 x 150 mm X (2 — 1))) + min (100 mm, 1.5 X 150 mm)

By, = 300 mm

Calculate height of actual projected area on failure surface
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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 318M-19 Eq.
17.7.2.2.1a

ACI 318M-19 Eq.
17.7.2.2.1

ACI 318-19 Clause
17.7.2.2.1

AClI 318-19 Clause
17.7.2.3.1

ACl 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(c)

ACI 318-19 Clause
17.7.2.1(c)

Hy. - Actual height of projected area

Hy, = min (1.5¢a1,41, teonc) = min (1.5 x 150 mm, 500 mm) = 225 mm

Calculate actual projected area

Ay, - Actual projected area
Av. = By Hy, = 300 mm x 225 mm = 67500 mm?

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 = 400 mm - Anchor rod effective embedment length

le - Load bearing length (equal to embedment height)
le = hey = 400 mm

Calculate basic single anchor breakout strength
f¢ = 20.68 MPa - Concrete compressive strength (20.68)

d, = 16 mm - Anchor rod diameter

Vi1 - Basic single anchor breakout strength condition 1

in (I, 8d.)\ 2 - . 15
Vi = 0.6 Do 8N [d ) [ S ()T
dy mm MPa \ mm

min (400 mm, 8 x 16 mm)\"? y \/16 mm - [2068MPa (150 mm L
1 mm 1 MPa

x 0.001 kN

Vb1:0.6><<

16 mm 1 mm

Vi1 = 30.391 kN

Via - Basic single anchor breakout strength condition 2

fe Cal,gl 15
Vie =30\ Trpa\ o ) N

1.5
Vis= 3.7 x 1 x ) 2088 MPa (150 mm ™ o 00 kN — 30011 kN
1 MPa 1 mm

V, - Basic single anchor breakout strength
Vi = min (Vi,1, Vi) = min(30.391 kN, 30.911 kN) = 30.391 kN

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

W,y - Breakout eccentricity factor

W,y =min | 1.0, ;2‘4« = min <1, %) =1
1+ 1+ 3x150 mm

3eal gl

Calculate thickness factor
W,y - Breakout thickness factor

1.5¢a1 61

feone

¥y = max (

1.0 = max /145X150mm‘ 1) =1
500 mm

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

W,y = 1 - Breakout cracking factor (shear)
W4y = 1 - Breakout edge effect factor for parallel failure edge

¢Vcbg‘ - Design concrete breakout strength in shear of an anchor group (parallel edge)

Ay
Vg = 2¢ (?) YeevWedv¥ev¥nyvVh

67500 mm?

Vo =2 % 0.65 X [ ———
ety < 101250 mm?

)><1><1><1><1><30A391kN:26.339kN

Result:

DCR - Demand over capacity ratio, comparing two conditions:

Vi
DCR:max(h, fol )
S Vengl  PVerg

6 kN 6 kN

D = -
CR = max <17.921 kN’ 26.339 kN

) =0.3348
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Go back to summary results
table.

Check No. 11: Concrete Pryout Capacity (Vy Shear)

PLAN VIEW

5 2l

FRONT VIEW

L

N hef

SIDE VIEW

Calculate total shear load on anchor group due to Vy shear
V,, = 3 kN - Vy shear load

Ngwy = 2 - Number of anchors resisting +Vy shear
Tag1 = 2 - Number of anchors in anchor group PO Vy 1

Vua - Required concrete pryout strength of an anchor group

v
Via = ( Z )na,glz (—3kN> x2=3kN
Ta,vy 2

Determine if the support is a narrow concrete member

Acl 318'_%? ?I;Lfs 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 Vy 1 concrete edge distance (left) 100.0 mm
Cright,g1 | Anchor group PO Vy 1 concrete edge distance (right) 100.0 mm
Ctop,gl Anchor group PO Vy 1 concrete edge distance (top) 150.0 mm
Chottom,gl Anchor group PO Vy 1 concrete edge distance (bottom) 350.0 mm
hsf Anchor rod effective embedment length 400.0 mm
Ssum,y,g1 | Anchor group PO Vy 1 sum of spacing along Y-axis 0.0 mm
Ssum, z,g1 Anchor group PO Vy 1 sum of spacing along Z-axis 100.0 mm
Ty, g1 Number of anchors along Y-axis for anchor group PO Vy 1 1.0
Mzl Number of anchors along Z-axis for anchor group PO Vy 1 2.0

Narrow Member TRUE
h’ef,yl Anchor group PO Vy 1 modified effective embedment length | 233.3 mm

Calculate maximum projected area for a single anchor
ACI 318-19 Clause 17.6.2 | Ap, - Maximum projected area for a single anchor

Ayeo = Q(h’ )2 = 9 x (233.33 mm)® = 490000 mm?
Neo ot .

Calculate length of actual projected cone area (along Z-direction)
Ssum,zg1 = 100 mm - Anchor group PO Vy 1 sum of spacing along Z-axis

N, 41 = 2 - Number of anchors along Z-axis for anchor group PO Vy 1
ACI 318-19 Clause 17.6.2 Ly, - Actual length of concrete cone for an anchor group

Lye = min (curigr, 150y ,) + (min (Sumagt, 30y (g — 1)) ) + min (crgne g, 155
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ACI 318-19 Clause 17.6.2

ACI 318-19 Clause 17.6.2

ACI 318-19 Table 17.2.4.1

ACI 318-19 Clause
17.6.2.2.1

ACI 318M-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

ACI 318-19 Clause
17.6.2.5.1
ACl 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

Lye = min (100 mm, 1.5 x 233.33 mm) + (min (100 mm, 3 x 233.33 mm x (2 — 1))) + min (100 mm, 1.5 x 233.33 mm)

Ly. = 300 mm

Calculate width of actual projected cone area (along Y-direction)
Ssum,y,g1 = 0 mm - Anchor group PO Vy 1 sum of spacing along Y-axis

nyg = 1 - Number of anchors along Y-axis for anchor group PO Vy 1

Bn. - Actual width of concrete cone for an anchor group

By, = min (ctop,gl, 1.5h’ef_gl) + (min (ssum‘y,gl, 3hlef<gl (nyg1 — 1))) + min (cbomm,g], 1.5h’ef_gl)

Bpye = min (150 mm, 1.5 x 233.33 mm) + (min (0 mm, 3 x 233.33 mm x (1 —1))) + min (350 mm, 1.5 x 233.33 mm)

Bn. = 500 mm

Calculate actual projected area of the anchor group
MNa,gl = 2 - Number of anchors in anchor group PO Vy 1

Ap. - Actual projected area for an anchor group

Ape = min (nag1Axco, LncBne) = min (2 x 490000 mm?, 300 mm x 500 mm) = 150000 mm?

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

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

Calculate basic single anchor breakout strength
f¢ = 20.68 MPa - Concrete compressive strength (20.68)

ke = 10 - Factor for cast-in anchors breakout strength

N, - Basic single anchor breakout strength

. B 15
Ny = kAo fe <ﬂ) N
MPa \ mm

1.5
Ny =10x1x 4/ 20.68 MPa (23333 mm )™ 101 kN — 162.08 kN
1 MPa 1 mm

Calculate minimum edge distance of anchor

Ca,min - Shortest edge distance

Caymin = M (Cleft,gl, Crightgl, Ctop.gls Chottom,gl) = Min (100 mm, 100 mm, 150 mm, 350 mm) = 100 mm

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

W,. N - Breakout eccentricity factor

1 1
Wy =min | 1.0, ——— | =min |1, ————— | =1
2y 14 —2x0
1+ W 3x233.33 mm

Nef g1
Calculate edge effect factor
W4 N - Breakout edge effect factor

Ca,min 100 mm
Weqn = min | 1.0, 0.7+ 0.3 [ ———— =min (1, 0.74+03 X | ———7— =0.78571
ek = Tn ( QU (1.5};;&@1)) mm( 0T (1.5 X 233.33 mm))

Calculate nominal concrete breakout capacity

W, N = 1 - Breakout cracking factor (tension)
‘I’L-p.N = 1 - Breakout concrete splitting factor

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

Ane
Nepg = (AA >\pcc.N\I’(’d,;‘\"‘I’C,N"I’Cp.IVMv

Neco

No = (150000 mm?
= \ 290000 mm?

> x 1 x0.78571 x 1 x 1 x 162.08 kN = 38.985 kN
Calculate design concrete pryout capacity
@ = 0.65 - Concrete shear resistance factor
kep = 2 - Factor for pryout strength
@Vipg - Design concrete pryout strength of an anchor group
DVepg = PkepNerg = 0.65 x 2 x 38.985 kN = 50.681 kN

Result:

DCR - Demand-to-Capacity Ratio
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Via 3 kN
DCR = = —_—
®Vepy  50.681 kN

= 0.059194

Go back to summary results
table.

Check No. 12: Concrete Pryout Capacity (Vz Shear)

PLAN VIEW

s 2l

FRONT VIEW

SIDE VIEW

Calculate total shear load on anchor group due to Vz shear
V. = 6 kN - vz shear load

TNawz = 3 - Number of anchors resisting +Vz shear
Na,g1 = 3 - Number of anchors in anchor group PO Vz 1

Vua - Required concrete pryout strength of an anchor group

Via = < Ve )nm: (_GkN> x3=6kN
Mgz : 3

Determine if the support is a narrow concrete member

Acl 318’11579 7CI25“‘155’ The support is classified as a narrow member. The modified values below will be used throughout the calculations.

Symbol Description Value
Cleftigl | Anchor group PO Vz 1 concrete edge distance (left) 200.0 mm
Cright,g1 | Anchor group PO Vz 1 concrete edge distance (right) 100.0 mm
Ctop,gl | Anchor group PO Vz 1 concrete edge distance (top) 150.0 mm
Chottom,g1 | Anchor group PO Vz 1 concrete edge distance (bottom) 150.0 mm
hes Anchor rod effective embedment length 400.0 mm
Ssumyy,g1 | Anchor group PO Vz 1 sum of spacing along Y-axis 200.0 mm
Ssum,zg1 | Anchor group PO Vz 1 sum of spacing along Z-axis 0.0 mm
Ty, g1 Number of anchors along Y-axis for anchor group PO Vz 1 3.0
Tzgl Number of anchors along Z-axis for anchor group PO Vz 1 1.0

Narrow Member TRUE
h’em1 Anchor group PO Vz 1 modified effective embedment length [ 133.3 mm

Calculate maximum projected area for a single anchor
ACI 318-19 Clause 17.6.2 | Ap,, - Maximum projected area for a single anchor

Ayeo = Q(h’

)2 = 9 x (133.33 mm)’ = 160000 mm?
ef.gl .

Calculate length of actual projected cone area (along Z-direction)
Ssum,zgl = 0 mm - Anchor group PO Vz 1 sum of spacing along Z-axis

n:g = 1 - Number of anchors along Z-axis for anchor group PO Vz 1

ACl 318-19 Clause 17.6.2 Ly, - Actual length of concrete cone for an anchor group

Lue = min (cleﬂ_gl, 1.5h;‘.)g1) + (min (ssum,z_gl, 30, (g — 1))) + min (c,igm,gl, 1.5k
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ACI 318-19 Clause 17.6.2

ACI 318-19 Clause 17.6.2

ACI 318-19 Table 17.2.4.1

ACI 318-19 Clause
17.6.2.2.1

ACI 318M-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

ACI 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 (200 mm, 1.5 x 133.33 mm) + (min (0 mm, 3 x 133.33 mm x (1 — 1))) + min (100 mm, 1.5 x 133.33 mm)

Ly. = 300 mm

Calculate width of actual projected cone area (along Y-direction)
Ssum,y,g1 = 200 mm - Anchor group PO Vz 1 sum of spacing along Y-axis

1y g1 = 3 - Number of anchors along Y-axis for anchor group PO Vz 1

Bn. - Actual width of concrete cone for an anchor group

Buye = min (cuopgt, 150 ,) + (min (Sumygt, 3hgq (gt — 1) ) + min (chotomgt, 1.50e,,)

By, = min (150 mm, 1.5 x 133.33 mm) + (min (200 mm, 3 x 133.33 mm X (3 — 1))) 4+ min (150 mm, 1.5 x 133.33 mm)

By = 500 mm

Calculate actual projected area of the anchor group
MNa,g1 = 3 - Number of anchors in anchor group PO Vz 1

Ap. - Actual projected area for an anchor group

Ap. = min (n,,61ANco, LneBne) = min (3 % 160000 mm?, 300 mm x 500 mm) = 150000 mm?

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

Aa - Modification factor for lightweight concrete

Aa=10A=1x1=1

Calculate basic single anchor breakout strength
f¢ = 20.68 MPa - Concrete compressive strength (20.68)

ke = 10 - Factor for cast-in anchors breakout strength

N, - Basic single anchor breakout strength

fe héfygl LSN
MPa \ mm

1.5
Ny=10x1x /2208 MPa (13333 mm \ ™ 01 kN = 70.014 kN
1 MPa 1 mm

Calculate minimum edge distance of anchor

Ca,min - Shortest edge distance

Caymin = N (Cleft,gl, Crightgl, Ctop.gls Chottom,gl) = Min (200 mm, 100 mm, 150 mm, 150 mm) = 100 mm

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

W,. N - Breakout eccentricity factor

1 1
¥,y =min [1.0, ——— | =min (1, ——— | =1
2 14 —2x0
1+ 47 3x133.33 mm
Bheg g1
Calculate edge effect factor
W4 N - Breakout edge effect factor
Ca,min 100 mm
Weqny =min | 1.0, 0.74+0.3 | ———— =min (1, 0.7+03 X | ———77—— =0.85
o mm( 0T (1.5}1&%1)) mm( 0T (1.5 x 133.33 mm))

Calculate nominal concrete breakout capacity

W, N = 1 - Breakout cracking factor (tension)
\IIEPA\‘ = 1 - Breakout concrete splitting factor

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

) Yoo NVea NV N ep NNy

( 150000 mm?
cbg =

W) % 1x0.85x1x1x70.014 kN = 55.792 kN
mm:

Calculate design concrete pryout capacity

¢ = 0.65 - Concrete shear resistance factor

kep = 2 - Factor for pryout strength

@Vepg - Design concrete pryout strength of an anchor group

WVepg = SkiepNapg = 0.65 x 2 x 55.792 kN = 72.53 kN

Result:

DCR - Demand-to-Capacity Ratio
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Via 6 kN
DCR = = ————— = 0.082725
¢V T2.53 kN

Go back to summary results
table.

Check No. 13: Anchor Rod Shear Capacity
Calculate shear load on most critical anchor (corner anchor)
V, = 3 kN - Vy shear load

Mo,y = 2 - Number of anchors resisting +Vy shear
V. = 6 kN - Vz shear load
Mgz = 3 - Number of anchors resisting +Vz shear

Vua - Required shear strength on anchor

Calculations according to ACI provisions:
Calculate specified tensile strength of anchor

Fy_ane = 517.1 MPa - Anchor rod tensile stress (F1554 Gr.55)
Fy ane = 379.2 MPa - Anchor rod yield stress (F1554 Gr.55)

A’gggﬁ%’g%}sﬂ?ﬁfgég futa - Specified tensile strength of anchor steel

futa = min (0.75F _ane, 1.9Fy ape, 860) = min (0.75 x 517.1 MPa, 1.9 x 379.2 MPa, 860.00 MPa) = 387.82 MPa
Calculate effective cross-sectional area of anchor
d, = 16 mm - Anchor rod diameter
ASME B1.1-2019 Table 1 | n; = 0.433 mm ™ - 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'%%;’5‘153 A,y - Effective cross-sectional area of anchor in tension

2 2
Agey = z (da - 09743) = % X <16 mm — Lm) = 148.49 mm?>
n

4 0.433 mm~—!
Calculate design shear strength of the anchor rod per ACI provisions
¢ = 0.65 - Anchor steel shear resistance factor (ACI)

ACl 318-19 Eq. 17.7.1.2b ¢V>u,u,('l - Design anchor rod steel shear strength per ACI

WViaaci = $0.6 Age v futa = 0.65 x 0.6 x 148.49 mm? x 387.82 MPa = 22.459 kN

Calculations according to AISC provisions:
Calculate nominal shear stress of the anchor rod
AISC 360-22 Table J3.2 F,, - Nominal shear stress of the anchor rod for threads not excluded on shear plane (N)

Foy = 045F, gne = 0.45 x 517.1 MPa = 232.69 MPa
Calculate design shear strength of the anchor rod per AISC provisions
Aroq = 201.06 mm? - Anchor rod area
¢ = 0.75 - Anchor steel resistance factor (AISC)

AISC 360-22 Eq. 3-1 d)Rm,,am - Design anchor rod steel shear strength per AISC

DR nv,gise = PFnvAroa = 0.75 x 232.69 MPa x 201.06 mm? = 35.09 kN

Calculate governing capacity

ACl 318-19 Clause 17.7.1.2
and AISC 360-22 Section @V, - Governing anchor rod steel shear strength
J3.7&8

¢V, = min (@Vaaci, PRuv,aisc) = min (22.459 kN, 35.09 kN) = 22.459 kN

DCR - Demand-to-Capacity Ratio

Via 2.5 kN
DCR = = ——— =0.11131
Vi 22.459 kN

Go back to summary results
table.

Check No. 14: Anchor Rod Capacity (AISC Tension and Shear)
Recall resultant shear load on anchor
Vua - Required shear strength on anchor

Via = Vua = 2.5 kN

Calculate tensile stress on anchor due to direct tension
Aroq =201.06 mm? - Anchor rod area

fut - Required tensile stress

Nu _ 5N

=KV sz
Arq  201.06 mm? &

fut =

Calculations for shear and direct tension according to AISC provisions:
Calculate nominal area of the anchor rod
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d, = 16 mm - Anchor rod diameter

Ayoq - Nominal area of anchor rod

Avod = Z(do)? = Z x (16 mm)? = 201.06 mm?

™
4 4

Calculate nominal shear stress of the anchor rod

Fy_anec = 517.1 MPa - Anchor rod tensile stress (F1554 Gr.55)

AISC 360-22 Table J3.2 F,, - Nominal shear stress of the anchor rod for threads not excluded on shear plane (N)

Fy = 0.45F, 4n = 0.45 x 517.1 MPa = 232.69 MPa

Calculate nominal tensile stress of the anchor rod
AISC 360-22 Table 3.2 | F,,; - Nominal tensile stress of anchor rod

Fy = 0.75F,_4ne = 0.75 x 517.1 MPa = 387.82 MPa
Calculate nominal modified shear stress of the anchor rod to include effects of tensile stress
fut = 24.868 MPa

¢ = 0.75 - Anchor steel resistance factor (AISC)

AISC 360-22 Eq. J3-3a
(rewritten per Sect J3.8 F}, - Nominal shear stress modified to include the effects of tensile stress

note)
, . Fuy
Fj, = min ( 1.3Fy,, — oF fut, Fav
nt

232.69 MPa
0.75 x 387.82 MPa

F}, = min <1‘3 x 232.69 MPa — (

Calculate design shear and tensile strength of the anchor rod per AISC provisions
AISC 360-22 Eq. 3-2 ¢Rn,um - Design anchor rod combined tensile and shear strength per AISC
PRy, gise = OF iy Arog = 0.75 x 232.69 MPa x 201.06 mm? = 35.09 kN

Result:

DCR - Demand-to-Capacity Ratio

) x 24.868 MPa, 232.69 MPa) = 232.69 MPa

PASS = 0.0

Concrete Side-Face Blowout Capacity (Y-Direction) 15.00 239.51 0.063

Concrete Side-Face Blowout Capacity (Z-Direction) 10.00 197.86 0.051

Anchor Rod Capacity (ACI Tension) 5.00 43.19 0.116

Ratios of Anchor Checks For Shear Load:

Check Name Demand | Capacity DCR
Concrete Breakout Capacity (Vy Shear) 3.00 10.97 0.273
Concrete Breakout Capacity (Vy Shear) 3.00 35.84 0.084
Concrete Breakout Capacity (Vz Shear) 6.00 17.92 0.335
Concrete Breakout Capacity (Vz Shear) 6.00 26.34 0.228
Concrete Pryout Capacity (Vy Shear) 3.00 50.68 0.059
Concrete Pryout Capacity (Vz Shear) 6.00 72.53 0.083
Anchor Rod Shear Capacity 2.50 22.46 0.111
Anchor Rod Capacity (ACI Shear) 2.50 22.46 0.111
Maximum interaction ratio
ACI 318-19 Eq. 17.8.3 | ey = 1.2
Calculate shear and axial interaction ratio
ACI 318-19 Eq. 17.8.3 Iint - Shear and axial interaction check
Ly = Doy Vu 30 6 6308
ON, PV, 47.749 © 17.921
Result:
DCR - Demand-to-Capacity Ratio
DOR = Jmt _ 096308 _ ¢ o57
Tz 1.2

DCR = L = ﬂ = 0.071246
DRy, aise 35.09 kN
Go back to summary results
table.
Check No. 15: Interaction Check (ACI)
Ratios of Anchor Checks for Tension Load:
Check Name Demand | Capacity DCR
Anchor Rod Tensile Capacity 5.00 43.19 0.116
Concrete Breakout Capacity (Tension Load) 30.00 47.75 0.628
Anchor Pullout Capacity 5.00 422.40 0.012
Embed Plate Flexural Capacity 2.99 10.00 0.299

PASS = 0.80

Go back to summary results
table.

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