REFERENCES CALCULATIONS RESULTS

SkyCiv Base Plate and Anchor Rod Design
Shear and Compression - CSA

Project Information:
Design Code: CSA S16:19 and CSA A23.3:19

\

Load Combinations:

Load Combination | Axial Load, Nx (kN) | Strong-axis Shear, Vy (kN) | Weak-axis Shear, Vz (kN)
1 25.00 5.00 5.00

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.
4. Ductile steel is assumed for resistance modification factor for steel failure.

5. Condition B is used for resistance modification factor for concrete failure.

Column Properties:

F—524-mm—
6.3Hmm

Symbol Description Value
Section | Column section HS152x152x6.4
deol Column depth 152.4 mm
teol Column thickness 6.3 mm
beol Column width 152.4 mm
A.; | Column area 3610.0 mm?
Teol Column root radius 6.3 mm
Eyy col Column yield stress (350W) 350.0 MPa
Fy col | Column tensile stress (350W) 450.0 MPa
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Base Plate Properties:
1S
€
<
o
0
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350.0 mm
Symbol Description Value
By, Base plate width 350.0 mm
Ly, Base plate length 350.0 mm
top Base plate thickness 20.0 mm
Ay Base plate plan area 122500.0 mm?
Fypp Base plate yield stress (300W) 300.0 MPa
Fy Base plate tensile stress (300W) 450.0 MPa
tgrout Grout thickness 0.0 mm
Concrete Properties:
£
=
o
1=}
w0
<
| |
I 1
450.0 mm
Symbol Description Value
Beone | Concrete width 450.0 mm
Leone | Concrete length 450.0 mm
teone Concrete thickness 300.0 mm
Acone | Concrete plan area 202500.0 mm?2
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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Anchor Information:
=
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b =60.0 mm
Symbol Description Value
d, Anchor rod diameter 12.7 mm
heg Anchor rod effective embedment length 250.0 mm
bembed_plate | Anchor embed plate dimension 60.0 mm
tembed_plate | Thickness of embed plate 10.0 mm
Fy anc Anchor rod yield stress (ASTM F1554 G36) 248.2 MPa
Fy anc Anchor rod tensile stress (ASTM F1554 G36) [ 399.9 MPa
Fyep Embed plate yield stress (300W) 300.0 MPa
tpw Plate washer thickness 0.0 mm
Threads | Threads in shear plane Included
Anchor Layout:
125.0 mm
£
2 1l o
° 1 ~
| @
E |
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@
4o : 30 2
| |
100.0 mm
Symbol Description Value
Mg Total number of anchor rods 4.0
S, Spacing of anchor rods along Z-axis 100.0 mm
Sy Spacing of anchor rods along Y-axis 275.0 mm
ledge,» | Base plate edge distance along Z-axis | 125.0 mm
ledggyy Base plate edge distance along Y-axis 37.5 mm
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Anchor Data Summary:

ID Z (mm) | Y (mm)
1 50.000 | 137.500
2 -50.000 | 137.500
3 50.000 [-137.500
4 -50.000 |-137.500

ID Anchor in Breakout | Side-Face Side-Face
Tension Zone | (Tension) (Y-direction) (Z-direction)
1 v BO Group 1 N/A SFz Group 1
2 v BO Group 1 N/A SFz Group 1
3 v BO Group 1 N/A SFz Group 2
4 v BO Group 1 N/A SFz Group 2
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 1 | BO Vz Group 2 | PO Vy Group 1 | PO Vz Group 2
3 +Vz -Vy BO Vy Group 2 | BO Vz Group 1 | PO Vy Group 2 | PO Vz Group 1
4 Vz -Vy BO Vy Group 2 | BO Vz Group 2 | PO Vy Group 2 | PO Vz Group 2
Weld Properties:
Symbol Description Value
Type | Weld Type CJP

X Filler metal classification strength (E43XX-X) | 430.0 MPa
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Summary of Detailing Checks

Check Name Dimensions (Min/Max/Actual) Status Reference
Anchor Clearance Min: 30.16 mm, Actual: 53.30 mm PASS SkyCiv Recommendation
Base Plate Edge Distance Min: 20.00 mm, Actual: 37.50 mm PASS CSA S16:19 Table 5
Minimum Number of Anchors Min: 4.00, Actual: 4.00 PASS | CSA S16:19 Clause 25.2
Embedded Plate Dimension Min: 50.80 mm, Actual: 60.00 mm PASS SkyCiv Recommendation
Min. Anchor Spacing to Prevent Concrete Splitting | Min: 50.80 mm, Actual: 100.00 mm PASS CSA A23.3.19 Clause D.9.2
Min. Concrete Cover to Prevent Concrete Splitting | Min: 75.00 mm, Actual: 87.50 mm PASS CSA A23.3.19 Clause D.9.3

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 0.01 1.23 0.01 PASS
Column Bearing Capacity 1 25.00 1705.73 0.01 PASS
Base Plate Yield Capacity (Compression Load 1 1.07 27.00 0.04 PASS
Concrete Bearing Capacity 1 25.00 1799.55 0.01 PASS
Concrete Breakout Capacity (Vy Shear) 1 5.00 10.47 0.48 PASS
Concrete Breakout Capacity (Vz Shear) 1 5.00 14.70 0.34 PASS
Concrete Pryout Capacity (Vy Shear, 1 5.00 66.09 0.08 PASS
Concrete Pryout Capacity (Vz Shear 1 5.00 78.14 0.06 PASS
Anchor Rod Shear Capacity 1 3.54 14.07 0.25 PASS

v All Design Checks Passed

The design.is adequate.
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REFERENCES

CALCULATIONS

RESULTS

Ensure column is FIT-TO-
BEAR on the base plate.
Refer to AISC 360-22
Chapter M4.4.

CSA 516:18 Clause
13.13.2.1(a)

CSA 516:18 Clause
13.13.2.1(a)

CSA 516:18 Clause
13.13.2.1(b)

CSA 516:19 Clause
13.13.2.1

Load Combination No. 1: Compression Load and Shear Load

Check No. 1: Weld Capacity
Ao = 3610 mm? - Column area
teor = 6.35 mm - Column thickness

L, - Total length on HSS section (CJP)

2
_ A _ 360mm® o

Ly,
teol 6.35 mm

Calculate load per unit length of weld
No stress from the compression load is applied to the weld, since the compression load is transferred through bearing.
Vy, = 5 kN - Vy shear load

V. = 5 kN - Vz shear load

vy - Required weld strength per unit length

Vy 5 kN
= — = ———— = 0.008795 kN
Y= T, T 5685 mm fmm
vy - Required weld strength per unit length
v, = Ve = _OKN = 0.008795 kN/mm
Ly, 568.5 mm

T - Required weld strength per unit length

rr= ((Ufy)z) + ((UfZ)Q)

= \/((0.008795 kN/mm)Z) + ((04008795 kN/mm)z) = 0.012438 kN /mm

Calculate base metal capacities
Fy_cor = 450 MPa - Column tensile stress (350W)

teor = 6.35 mm - Column thickness

F, 1 = 450 MPa - Base plate tensile stress (300W)
tpp = 20 mm - Base plate thickness

¢ = 0.67 - Weld resistance factor

Ur.col - Factored shear rupture strength of base metal (column)

Vr ot = 0.67¢teo Fu_cot = 0.67 x 0.67 x 6.35 mm x 450 MPa = 1.2827 kN /mm

U pp - Factored shear rupture strength of base metal (base plate)
Vpgp = 0.67¢t, Fy pp = 0.67 % 0.67 x 20 mm x 450 MPa = 4.0401 kN/mm

Calculate weld metal capacity
X, = 430 MPa - Filler metal classification strength (E43XX-X)

teor = 6.35 mm - Column thickness

¢ = 0.67 - Weld resistance factor

Vrweld - Factored shear rupture strength of weld metal (CJP)

Vrweld = 0.67Ptc X, = 0.67 x 0.67 x 6.35 mm x 430 MPa = 1.2257 kN/mm

v, - Governing design shear rupture strength of base metal and weld metal

vp = min(Vegbp, Vicols Veweld) = min (4.0401 kN/mm, 1.2827 kN/mm, 1.2257 kN/mm) = 1.2257 kN/mm

Result:

DCR - Demand-to-Capacity Ratio

ry 0.012438 kN/mm
DCR=— = ————— =10.010148
vy 1.2257 kN /mm

PASS = 0.01

Go back to summary results
table.

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

By - Factored bearing load on steel

Bj=N, =25 kN
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CSA 516:19 Clause 13.10,
Finished bearing plate per
CSA 516.19 Clause 28.5

Fig. Bearing area of column.

C e bearing capacity of
Fy cor = 350 MPa - Column yield stress (350W)

Acor = 3610 mm? - Column area

¢ = 0.9 - Structural steel resistance factor
B, - Factored bearing resistance of steel

B, = 1.500F, coiAcot = 1.5 x 0.9 x 350 MPa x 3610 mm? = 1705.7 kN
Result:

DCR - Demand-to-Capacity Ratio

By 25 kN
DCR= =1 = ————— =0.014657
B,  1705.7 kN

PASS = 0.0

Go back to summary results
table.

AISC Design Guide 01 3rd
Ed. Section 4.3.1

AISC Design Guide 01 3rd
Ed. Section 4.3.1

AISC Design Guide 01 3rd
Ed. Section 4.3.1

CSA 516:19 Clause 13.5

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

b
Sﬁ
m
0.95d d
m
N
-
L L
A A
n 095 n

Fig. Cantilever lengths of base plate.
Calculate critical cantilever length for Rect/Square HSS column
deot = 152.4 mm - Column depth

beor = 152.4 mm - Column width
Ly, = 350 mm - Base plate length

By, = 350 mm - Base plate width

[ - Critical cantilever length of base plate

Lip — 0.95dcor Brp —0.95bco
| = max 2 s 5

350 mm — 0.95 x 152.4 mm 350 mm — 0.95 x 152.4 mm
| = max 2 5 3

) = 102.61 mm

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

By, = 350 mm - Base plate width

Ly, = 350 mm - Base plate length
1 =102.61 mm

my - Factored bending load per unit length of base plate

N, 2
ms = —
P\ BypLy, ) \ 2

2
ms = 25 kN s (RO2ELmIMTY ) 0744 1N /mm
350 mm x 350 mm 2

Calculate flexural yielding capacity of base plate per unit length due to compression from concrete
F, 4, = 300 MPa - Base plate yield stress (300W)
ty, = 20 mm - Base plate thickness

¢ = 0.9 - Structural steel resistance factor

m, - Factored bending resistance of base plate per unit length

2 2
¢ 20
me=¢ ( ( bz) ) Fyip =09 x (%) x 300 MPa = 27 kN-mm/mm
Result:

DCR - Demand-to-Capacity Ratio

my  1.0744 kN-mm/mm

DCR = =
m, 27 kN-mm/mm

= 0.039791

PASS = 0.04

Go back to summary results
table.

Check No. 4: Concrete Bearing Capacity
Calculate bearing load on concrete
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CSA A23.3:19 Clause 10.8.1

CSA A23.3:19 Clause 10.8.1

CSA A23.3:19 Clause 10.8.1

CSA A23.3:19 Clause 10.8.1

CSA A23.3:19 Clause 28.5

N, = 25 kN - Compression load

Py - Factored bearing load on concrete
P; = N, =25 kN

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

: 2

a T~/
B wd,

A,

4

a
< a

Fig. Bearing area on base plate (A1) and maximum support area on concrete (A2).
Calculate bearing area on base plate
Ly, = 350 mm - Base plate length

By, = 350 mm - Base plate width

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

Ay = Ly, By, = 350 mm x 350 mm = 122500 mm?
Calculate maximum bearing area on concrete foundation
N2 = 450 mm - Length of max bearing area on support (A2)
B 42 = 450 mm - Width of max bearing area on support (A2)

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

Ay = NgpBay = 450 mm x 450 mm = 202500 mm?
Calculate bearing capacity of concrete
fc = 20.68 MPa - Concrete compressive strength (20.68)
A; = 122500 mm?
Ay = 202500 mm?
¢ = 0.65 - Concrete resistance factor

P, - Factored bearing resistance of concrete

A
P, =0.85¢(f.) A <min ( =2 2))
Ay
2
P, — 0.85 x 0.65 x (20.68 MPa) x 122500 mn? x ( min [ [ 222000 mm® o ) ) _ 17995 kN
122500 mm?

DCR - Demand-to-Capacity Ratio

Result:

Py 25 kN
DCR= — = ———— = 0.013892
2. 1799.5 kN

PASS = 0.0

Go back to summary results
table.

Check No. 5: 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:

PLAN VIEW

FRONT VIEW
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CSA A23.3:19 Clause
D.7.2.4

CSA A23.3:19 Clause
D.7.2.4

CSA A23.3:19 Equation
D.34

CSA A23.3:19 Clause
D.7.2.1

CSA A23.3:19 Clause
D.7.2.1

CSA A23.3:19 Clause
D.7.2.1

CSA A23.3:19 Clause D.4.6

CSA A23.3:19 Clause
D.7.2.2(a)

SIDE VIEW

Calculate total shear load on anchor group. Consider one side only.
V,, = 5 kN - Vy shear load

Ny = 2 - Number of anchors resisting +Vy shear
MNa,g1 = 2 - Number of anchors in anchor group BO Vy 1
Via.1 - Required concrete breakout shear strength of anchor group with failure edge perpendicular to load

Vial :Xfy("‘”'yl) — BN x (;) —5kN

a,vy

Determine if the support is a narrow concrete member

The support is not a narrow member.

Symbol Description Value

Cleft,g1 | Anchor group BO Vy 1 concrete edge distance (left) 175.0 mm

Cright,g1 | Anchor group BO Vy 1 concrete edge distance (right) 175.0 mm

Ctop,g1 Anchor group BO Vy 1 concrete edge distance (top) 87.5 mm

Chottom,g1 | Anchor group BO Vy 1 concrete edge distance (bottom) [ 362.5 mm

teone Concrete thickness 300.0 mm

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

Cal,gl Anchor group distance to failure edge (+Vy shear) 87.5 mm
Narrow Member FALSE

C il proj area for a single anchor

Ca1,g1 = 87.5 mm - Anchor group distance to failure edge (+Vy shear)

Ay, - Maximum projected area for a single anchor
Ayeo = 4.5(carg1)’ = 4.5 x (87.5 mm)® = 34453 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

MNzgl = 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 (Ciefr,g1, 1.5€a1,g1) + (Min (Ssum,z,g1, 3€atgl (Nzgr — 1)) + min (Cright g1, 1.5Ca1,61)

By, = min (175 mm, 1.5 x 87.5 mm) + (min (100 mm, 3 x 87.5 mm x (2 — 1))) + min (175 mm, 1.5 x 87.5 mm)

By, = 362.5 mm

Calculate height of actual projected area on failure surface

Hy. - Actual height of projected area
Hy, = min (1.5¢a1,41, teonc) = min (1.5 x 87.5 mm, 300 mm) = 131.25 mm

Calculate actual projected area

Ay, - Actual projected area

Ay, = By Hy. = 362.5 mm x 131.25 mm = 47578 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 = 250 mm - Anchor rod effective embedment length

l - Load bearing length (equal to embedment height)
le = hey = 250 mm

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

d, = 12.7 mm - Anchor rod diameter

¢ = 0.65 - Concrete resistance factor
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CSA A23.3:19 Equation
D.35

CSA A23.3:19 Equation
D.36

CSA A23.3:19 Clause
D.7.2.2

CSA A23.3:19 Clause
D.7.2.5

CSA A23.3:19 Clause
D.7.2.6

CSA A23.3:19 Clause
D.7.2.8

CSA A23.3:19 Clause
D.7.2.7

CSA A23.3:19 Clause
D.7.2.1

R =1 - Resistance modification factor of concrete failure (Shear Loads)

Vir1 - Basic single anchor breakout strength condition 1

in (L, 8d,)\%? - 15
%“:058(111111(07,2‘)) da e fe (Cal._ql) R(V)

d, mm MPa \ mm

min (250 mm, 8 x 12.7 mm 02 L5
Virt = 0.58 x ( ) x,/12'7m’“x0.65x1x,/wx 875 mm A" 0.001 kN
12.7 mm 1 mm 1 MPa 1 mm

Vir1 = 7.5796 kN

Vira - Basic single anchor breakout strength condition 2

Vera = 3.75X09

7 [ Cag\*°
N
MPa \ mm R

1.5
Virs = 3.75 x 1 x 0.65 x ,/w s (BTEmmA T 0.001 KN = 9.0726 kN
1 MPa 1 mm

Vi - Factored concrete breakout resistance in shear of a single anchor
Vir = min (Viy1, Vi) = min (7.5796 kN, 9.0726 kN) = 7.5796 kN

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

W,y - Breakout eccentricity factor

1
——— | =min |1,
142 14

3Ca1,g1

Wy =min | 1.0,

Calculate edge effect factor
Ca2,91 = 175 mm - Anchor group distance to failure edge (+Vy shear)

W.qy - Breakout edge effect factor

. Ca2,gl . 175 mm
Ty = 1.0, 07403 —28 ) = 1, 07403 % [ —rommm
dy = min ( + < 15Ca gt )) P ( . (1.5 X 87.5 mm

Calculate thickness factor

Wy v - Breakout thickness factor

1.5c.
Gy = max [ (/22508 1 0) 2o (/22X 8T mm LYy
’ teone 300 mm

Calculate concrete breakout capacity at the perpendicular edge

‘I’L-,V = 1 - Breakout cracking factor (shear)

Vg1 - Factored concrete breakout strength in shear of an anchor group (perpendicular edge)

Ay
Vepgl = m

Veo

) YeevPedv Ve vy Vir

2
Viggs = <M> x1x1x1x1x7.5796 kN = 10.467 kN
34453 mm?

For breakout capacity on failure edge parallel to load:

B Yo sy -

FRONT VIEW
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SIDE VIEW

Calculate total shear load on anchor group. Consider one side only.
V,, = 5 kN - Vy shear load

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

Ngg1 = 2 - Number of anchors in anchor group BO Vz 1

V}aH - Required concrete breakout shear strength of anchor group with failure edge parallel to load

Ma,g1 2
Ve =V, =5kNx [ =) =5kN
fel = (n) < 2)

Determine if the support is a narrow concrete member

CsA A23‘3:19DCI;“253 The support is not a narrow member.

Symbol Description Value

Cleft,gl Anchor group BO Vz 1 concrete edge distance (left) 275.0 mm
Cright,g1 | Anchor group BO Vz 1 concrete edge distance (right) 175.0 mm
Ctop,gl Anchor group BO Vz 1 concrete edge distance (top) 87.5 mm

Chottom,g1 | Anchor group BO Vz 1 concrete edge distance (bottom) 87.5 mm

teone Concrete thickness 300.0 mm

Sy Spacing of anchor rods along Y-axis 275.0 mm

Cal,gl Anchor group distance to failure edge (+Vz shear) 175.0 mm
Narrow Member FALSE

Calculation for critical
anchor group: Anchor Group
BOVz1.
Calculate maximum projected area for a single anchor
C5A A23‘3‘19DCI;’“253 Ca1,q1 = 175 mm - Anchor group distance to failure edge (+Vz shear)

CSAA23.3:19 Equa&ig‘n’ Ay, - Maximum projected area for a single anchor

Aveo = 4.5(catgr)’ = 4.5 % (175 mm)” = 137810 mm?>

Calculate width of actual projected area on failure surface
Ssum,y,g1 = 275 mm - Anchor group BO Vz 1 sum of spacing along Y-axis
Ny, g1 = 2 - Number of anchors along Y-axis for anchor group BO Vz 1

CSA A23.3:19[§?.I;u25§ By, - Actual width of failure surface for an anchor group

By, = min (Ciop,g1, 1.5Ca1,61) + (Min (Sum,y,g1, 3Cargr (Nygr — 1))) + min (Chottomg1, 1.5Ca1,g1)

By, = min (87.5 mm, 1.5 x 175 mm) + (min (275 mm, 3 X 175 mm x (2 — 1))) + min (87.5 mm, 1.5 x 175 mm)

By, = 450 mm

Calculate height of actual projected area on failure surface

CsA A23'3"19§I7aé5§ Hy. - Actual height of projected area

Hy, = min (1.5¢a1,41, teonc) = min (1.5 x 175 mm, 300 mm) = 262.5 mm

Calculate actual projected area

CA Az}j:lgg’;’*ﬁ? Ay, - Actual projected area

Aye = By Hy, = 450 mm x 262.5 mm = 118130 mm?
Calculate modification factor for lightweight concrete
A = 1 - Factor for normal-weight concrete

CSA A23.3:19 Clause D.4.6 . - Modification factor for lightweight concrete
Ad=10A=1x1=1

Calculate load bearing length of the anchor
hey = 250 mm - Anchor rod effective embedment length

CsA Az}j%%g‘a;(sa? le - Load bearing length (equal to embedment height)

le = hey = 250 mm

Calculate basic single anchor breakout strength

Shear and Compression - CSA - Base Plate Design Report
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f¢ = 20.68 MPa - Concrete compressive strength (20.68)

d, = 12.7 mm - Anchor rod diameter

¢ = 0.65 - Concrete resistance factor

R =1 - Resistance modification factor of concrete failure (Shear Loads)

CSAA23.3:19 EquaDtlgg Vi1 - Basic single anchor breakout strength condition 1

Vir1 = 21.438 kN

C5AA23.3:19 Equ%t.r'gg Vo - Basic single anchor breakout strength condition 2

Vira = 3.75Xa0b

fo [ Cargl
MPa

CSA A23'3"19§I;“25_S Vi - Factored concrete breakout resistance in shear of a single anchor

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

CSA A23'3"19DCI§L§5§ \IIEC,V - Breakout eccentricity factor

1
3Ca1,g1

Calculate thickness factor

CsA A23'3"19§I§_“25_g Wy, y - Breakout thickness factor

Calculate concrete breakout capacity at the parallel edge

CSA A23'3"19§I7'3L§5§ W,y = 1 - Breakout cracking factor (shear)

C5A A23.3:11397C21a1u(55 W4y = 1 - Breakout edge effect factor for parallel failure edge

CSA A23.3:19 Clause V.
D.7.2.1 cbg
V.

2
Vg = 2 % <118130 mm
137810 mm?

Result:

DCR - Demand over capacity ratio, comparing two conditions:

+| - Factored concrete breakout strength in shear of an anchor group (parallel edge)

min (1, 8d,) 02 d, fe Cal,gl 15
r1 = 0. _— a - - N
Virt 058( T ) V2 MPa(mm) R(N)

min (250 mm, 8 x 12.7 mm 02 15
Vit = 058 ( D)7 JRTmm g s [0 MPR (1T mm )G g
12.7 mm 1 mm 1 MPa 1 mm

1.5
R(N
) R)
1.5
Vira = 3.75 x 1 x 0.65 x 4/ 2008 MPa (175 mm ™ ) 001 kN = 25.661 kN
1 MPa 1 mm

Vi = min (Viy1, Viye) = min (21.438 kN, 25.661 kN) = 21.438 kN

. . 1
Wy =min | 1.0, —2‘% = min (1, W) =1

3x175 mm

1.5¢, .
Gy = max [ (|28 1 0) = max (/22T mm )
' teonc 300 mm

Ave
charl] = 2 <_A ) VeeyWeav¥ev¥nyVer
Veo

)><1><1><1><1><21A438kN:36A752kN

Via|
DCR=max<Vf;i, fal )
Vebgt "~ Vebgr|
5 kN 5 kN
DCR = 2L 25 ) o4
CR max(1o.4e7 kN’ 36.752 kN) 047769

PASS = 0.48

Go back to summary results
table.

Check No. 6: 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:

sy

PLAN VIEW

Shear and Compression - CSA - Base Plate Design Report
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4 3]

z L

FRONT VIEW
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A |
A |
|

SIDE VIEW

Calculate total shear load on anchor group. Consider one side only.
V. = 5 kN - Vz shear load

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

Vm:m(@>:5kNx(§>:5kN

Na,vz

Determine if the support is a narrow concrete member

CSA A23,3:19DC/7EL553 The support is not a narrow member.

Symbol Description Value

Cleft,g1 | Anchor group BO Vz 1 concrete edge distance (left) 275.0 mm
Cright,g1 | Anchor group BO Vz 1 concrete edge distance (right) 175.0 mm
Ctop,gl Anchor group BO Vz 1 concrete edge distance (top) 87.5 mm

Chottom,g1 | Anchor group BO Vz 1 concrete edge distance (bottom) [ 87.5 mm

teone Concrete thickness 300.0 mm

Sy Spacing of anchor rods along Y-axis 275.0 mm

Cal,gl Anchor group distance to failure edge (+Vz shear) 175.0 mm
Narrow Member FALSE

Calculation for critical
anchor group: Anchor Group
BOVz1.

Calculate maximum projected area for a single anchor

CSA AZ35"195’?"§3 Ca1,91 = 175 mm - Anchor group distance to failure edge (+Vz shear)

CS5A A23.3:19 Equagligg Ay, - Maximum projected area for a single anchor
Ayeo = 4.5(catg1)’ = 4.5 x (175 mm)® = 137810 mm>

Calculate width of actual projected area on failure surface
Ssum,y,g1 = 275 mm - Anchor group BO Vz 1 sum of spacing along Y-axis

1y g1 = 2 - Number of anchors along Y-axis for anchor group BO Vz 1
oA A23'3"19§I;'f§ 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 (87.5 mm, 1.5 x 175 mm) + (min (275 mm, 3 X 175 mm x (2 — 1))) + min (87.5 mm, 1.5 x 175 mm)

By, = 450 mm

Calculate height of actual projected area on failure surface
€sA A23‘3:19D§I;.“2§§ Hy, - Actual height of projected area
Hy, = min (1.5Ca1,61 , teonc) = min (1.5 x 175 mm, 300 mm) = 262.5 mm

Calculate actual projected area

csA A23'3"19§I7a_35§ Ay, - Actual projected area

Ay, = By Hy, = 450 mm x 262.5 mm = 118130 mm’

Shear and Compression - CSA - Base Plate Design Report
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Calculate modification factor for lightweight concrete
A = 1 - Factor for normal-weight concrete

CSA A23.3:19 Clause D.4.6 | )\, - Modification factor for lightweight concrete
Ad=10A=1x1=1

Calculate load bearing length of the anchor
hey = 250 mm - Anchor rod effective embedment length

CsA A23'3:é‘97g‘a;(2i le - Load bearing length (equal to embedment height)

le = hey = 250 mm

Calculate basic single anchor breakout strength

f¢ = 20.68 MPa - Concrete compressive strength (20.68)
d, = 12.7 mm - Anchor rod diameter

¢ = 0.65 - Concrete resistance factor

R =1 - Resistance modification factor of concrete failure (Shear Loads)

Vir1 - Basic single anchor breakout strength condition 1

min (I, 8da)\"* [7d, 7 cag \M°
1 =058 ————— A - N
Virt 5 ( dy, ) mm¢ “ MPa( mm) R

CSA A23.3:19 Equation
D.35

Vir = 21.438 kN

CSAA23.3:19 EquaDt*.i—c?;g Vira - Basic single anchor breakout strength condition 2

g 1.5
c Cal,gl
Virz = 3.75a6 pra ( Wi ) R(N)

CsA A23'3719DC.I§‘L§§S Vi - Factored concrete breakout resistance in shear of a single anchor

Vi = min (Vir, Vi) = min (21.438 kN, 25.661 kN) = 21.438 kN

Calculate eccentricity factor

ei\, = 0 - Eccentricity of the resultant tensile force (assumed 0 for shear)

CsA A23'3719DCI§L§5§ ..y - Breakout eccentricity factor

. 1 . 1
Vey =min [1.0, ——— | =min |1, —— | =1
? 2¢) 4 —2x0
o 3%175 mm
Cal gl

Calculate edge effect factor
Ca2,g1 = 87.5 mm - Anchor group distance to failure edge (+Vz shear)

CSA A23'3"19DCI7'3%5§ W4y - Breakout edge effect factor

Cas :
Woqy =min (1.0, 0.7+ 0.3 _a28l )\ ) _ in 1,07+0.3x 87.5 mm
Y 1.5¢a1,g1 1.5 x 175 mm

Calculate thickness factor

CSA A23'3"19§I7aé5§ W}y - Breakout thickness factor

1.5¢, .
U),y = max &7 1.0 | = max m, 1) =1
' teone V300 mm

Calculate concrete breakout capacity at the perpendicular edge
CSA A23'3719DCI§'$5§ U, = 1 - Breakout cracking factor (shear)

CSA A23'3"19§I7aé5§ I/ubyL - Factored concrete breakout strength in shear of an anchor group (perpendicular edge)

Ay,
Vg = ( AVV‘ ) Voo Veay Yoy Py Vi

118130 mm?

137810 2) x1x0.8x1x1x21.438 kN = 14.701 kN
mm-

Vergr = <

For breakout capacity on failure edge parallel to load:

Shear and Compression - CSA - Base Plate Design Report
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min (250 mm, 8 x 12.7 mm)\*? ; ; 1
Vit = 0.58 x ( ) x,/127mmx0.65x1x,/mx 175 mm ) 0.001 KN
12.7 mm 1 mm 1 MPa 1 mm

1.5
Virs = 3.75 x 1 x 0.65 x 4/ 2208 MPa - (176 mm )™ 0 001 kN = 25.661 kN
1 MPa 1 mm

)-o




CSA A23.3:19 Clause
D.7.2.4

CSA A23.3:19 Clause
D.7.2.4

CSA A23.3:19 Equation
D.34

CSA A23.3:19 Clause
D.7.2.1

PLAN VIEW

FRONT VIEW

3 ]

SIDE VIEW

Calculate total shear load on anchor group. Consider one side only.
V. = 5 kN - Vz shear load

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

Tag1 = 2 - Number of anchors in anchor group BO Vy 1

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

n
Vi :V,(L”l> =5 kN x <3) =5kN
Na,vy, 2

Determine if the support is a narrow concrete member

The support is not a narrow member.

Symbol Description Value

Cleft,g1 | Anchor group BO Vy 1 concrete edge distance (left) 175.0 mm

Cright,g1 | Anchor group BO Vly 1 concrete edge distance (right) 175.0 mm

Ctop,gl | Anchor group BO Vy 1 concrete edge distance (top) 87.5 mm

Chottom,g1 | Anchor group BO Vy 1 concrete edge distance (bottom) [ 362.5 mm

Teonce Concrete thickness 300.0 mm

EM Spacing of anchor rods along Z-axis 100.0 mm

Cal gl Anchor group distance to failure edge (+Vy shear) 87.5 mm
Narrow Member FALSE

Calculate maximum projected area for a single anchor

Calgl = 87.5 mm - Anchor group distance to failure edge (+Vy shear)
Ay, - Maximum projected area for a single anchor
Ayeo = 4.5(carg1)’ = 4.5 x (87.5 mm) = 34453 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

N4 = 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 (Clefr,g1, 1.5Ca1,g1) + (Min (Ssum,zg1, 3Catgl (Nzgr — 1)) + min (Cright g1, 1.5Ca1,61)

By, = min (175 mm, 1.5 x 87.5 mm) + (min (100 mm, 3 x 87.5 mm x (2 —1))) + min (175 mm, 1.5 x 87.5 mm)

By, = 362.5 mm

Shear and Compression - CSA - Base Plate Design Report
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Calculation for critical
anchor group: Anchor Group
BO Vy 1.




Calculate height of actual projected area on failure surface

CSA A23‘3:19DCI;'J25§ Hy, - Actual height of projected area

Hy, = min (1.5Ca1,41, teonc) = min (1.5 X 87.5 mm, 300 mm) = 131.25 mm

Calculate actual projected area

CsA A23'3"19§I7a55§ Ay, - Actual projected area

Ay. = By Hy, = 362.5 mm x 131.25 mm = 47578 mm?
Calculate modification factor for lightweight concrete

A = 1 - Factor for normal-weight concrete

CSA A23.3:19 Clause D.4.6 Ao - Modification factor for lightweight concrete

Aa=10A=1x1=1
Calculate load bearing length of the anchor
hef = 250 mm - Anchor rod effective embedment length

CsA A23'3"é_97_czlf3;(55 le - Load bearing length (equal to embedment height)

le = hey = 250 mm

Calculate basic single anchor breakout strength

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

d, = 12.7 mm - Anchor rod diameter

¢ = 0.65 - Concrete resistance factor

R =1 - Resistance modification factor of concrete failure (Shear Loads)

C5AA23.3:19 Equ%t.lgg Vir1 - Basic single anchor breakout strength condition 1

min (le, 8da) \** /7, fo (cag \'?
1 =0. _— Ao - — N
Virt 058( d, ) mm¢ MPa(mm) )

min (250 mm, 8 x 12.7 02 ; X . 15
Vin = 0.58 (250 mm mn) x| 2T 65 x| 2208 MPA L (8T mm )T 6 001 kN
12.7 mm 1 mm 1 MPa 1 mm

Vi1 = 7.5796 kN

CSAA23.3:19 Equ%t.igg Vira - Basic single anchor breakout strength condition 2

MPa

1.5
Virs = 3.75 x 1 x 0.65 x ,/%MPa  (BTEmmA T 0.001 KN = 9.0726 kN
1 MPa 1 mm

Vi - Factored concrete breakout resistance in shear of a single anchor

g 1.5
Vi = 375000 =2 (C‘“’gl) R(N)

CSA A23.3:19 Clause
D.7.2.2
Vir = min (Vir1, Virz) = min (7.5796 kN, 9.0726 kN) = 7.5796 kN

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

CSA A23'3"19§I7'3L§5§ W,y - Breakout eccentricity factor

1 1
Vv =min | 1.0, ———— | = min (1, W) =1
L+ 35575 mm

3ca1g1
Calculate thickness factor

CSA A23,3.’19L_§I7a55§ W}y - Breakout thickness factor

1.5¢a . .
Wiy = max [ /22508 1 0) = max (/28T mm LY
' teonc 300 mm

Calculate concrete breakout capacity at the parallel edge
CSA A23'3’19DCI§%5’; .y = 1 - Breakout cracking factor (shear)

CSA A23,3.'11)97C21a1u(55 W,y = 1 - Breakout edge effect factor for parallel failure edge

CSA A23.3:19 Clause | v/
D.7.2.1 b

grll - Factored concrete breakout strength in shear of an anchor group (parallel edge)

Aye
Vepgr| = 2 <?> Yoo ¥ed v ¥ev ¥y Vir

4 2
Vi = 2 % ( 7578 mm

%453—2> x1x1x1x1xT75796 kN = 20.934 kN
mm

Result: PASS = 0.34

DCR - Demand over capacity ratio, comparing two conditions:

, Via|
DCR = max (—Vf‘u o )

)
Vebgr ~ Vebg|

Shear and Compression - CSA - Base Plate Design Report
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5 kN 5 kN

D = —
OR = max ( 14701 kN’ 20.934 kN

> = 0.34012

Go back to summary results
table.

Check No. 7: Concrete Pryout Capacity (Vy Shear)

~
@

PLAN VIEW

< _od hef

FRONT VIEW

< hef

SIDE VIEW

Calculate total shear load on anchor group due to Vy shear
V, = 5 kN - Vy shear load

Nawy = 2 - Number of anchors resisting +Vy shear
Na,g1 = 2 - Number of anchors in anchor group PO Vy 1

Via - Required concrete pryout strength of an anchor group

Determine if the support is a narrow concrete member

CSA A23'3"19DCISL§5§ The support is classified as a narrow member. The modified values below will be used throughout the calculations.

Symbol Description Value
Cle ft,g1 Anchor group PO Vy 1 concrete edge distance (left) 175.0 mm
Cright,g1 | Anchor group PO Vy 1 concrete edge distance (right) 175.0 mm
Ciop,g1 | Anchor group PO Vy 1 concrete edge distance (top) 87.5 mm
Chottom.,gl Anchor group PO Vy 1 concrete edge distance (bottom) 362.5 mm
hef Anchor rod effective embedment length 250.0 mm
Ssum,y,g1 | Anchor group PO Vy 1 sum of spacing along Y-axis 0.0 mm
S sum,z,gl 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
Mz g1 Number of anchors along Z-axis for anchor group PO Vy 1 2.0

Narrow Member TRUE
h’eﬂg1 Anchor group PO Vy 1 modified effective embedment length | 241.7 mm

Calculation for critical
anchor group: Anchor Group
PO Vy 1.

Calculate maximum projected area for a single anchor
CSA A23.3:19 Eq. D.5 | Ap., - Maximum projected area for a single anchor

Avew=9(1, ) =0 (241.67 mm)’ = 525630 mm?
‘Neco = ef,gl = . =

Calculate length of actual projected cone area (along Z-direction)
Tembed_plate = 16.35 mm - Radius of effective perimeter of embed plate

Equivalent to half anchor diameter plus thickness of embed plate

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

Shear and Compression - CSA - Base Plate Design Report
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n.g1 = 2 - Number of anchors along Z-axis for anchor group PO Vy 1
CsA A23'3:19§?‘L§S; Ly, - Actual length of concrete cone for an anchor group

Lye = min (Clcn,gh 1'5hgf,g1) + (min (Smm,z.gh 3h; (g1 — 1))) + min (Cright,gly 1.5h;f_g1)

Ly = min (175 mm, 1.5 x 241.67 mm) + (min (100 mm, 3 x 241.67 mm x (2 — 1))) + min (175 mm, 1.5 x 241.67 mm)

Lye = 450 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
ny g1 = 1 - Number of anchors along Y-axis for anchor group PO Vy 1
CSA A23.3:19 Clause
D.6.2.1

B, - Actual width of concrete cone for an anchor group

B = min (cuopgt, 1.505,) + (min (Sumygty 3hgg (ygr — 1) ) + min (Goottomgn, 1.5hr,)

By = min (87.5 mm, 1.5 X 241.67 mm) + (min (0 mm, 3 x 241.67 mm x (1 — 1))) + min (362.5 mm, 1.5 x 241.67 mm)

By, = 450 mm

Calculate actual projected area of the anchor group
MNa,g1 = 2 - Number of anchors in anchor group PO Vy 1

CSA A23.3:19§Ig}§5§ Ap. - Actual projected area for an anchor group

Aye = min (nag1Axco, LncBne) = min (2 x 525630 mm?, 450 mm x 450 mm) = 202500 mm®
Calculate modification factor for lightweight concrete
A = 1 - Factor for normal-weight concrete
CSA A23.3:19 Clause D.4.6 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)
¢ = 0.65 - Concrete resistance factor
R =1 - Resistance modification factor of cast-in anchor rod in concrete failure (Tension Loads)

CsA Azgj"lgg’g"f? k. = 10 - Factor for cast-in anchors breakout strength

CSA A23.3:19 Eq. D.6 Ny, - Factored concrete breakout resistance of a single anchor in tension

— 1.5
7o (Mg
Nip = ket o[ 5750 —";jl R(N)

1.5
Nip =10 x 0.65 x 1 x4/ 2068 MPa (241,67 mm \ ™ 0001 kN = 111.05 kN
1 MPa 1 mm

Calculate minimum edge distance of anchor

Ca,min - Shortest edge distance
Ca,min = 1N (Cleft g1, Cright,gls Ctop,gls Chottom,gl) = Min (175 mm, 175 mm, 87.5 mm, 362.5 mm) = 87.5 mm

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

CSA A23.3:19 Eq. D.8 W,. N - Modification factor for anchor groups loaded eccentrically in tension

1 1
Ve ny =min | 1.0, ——— | =min |1, ——— | =1
3 2 + 20
E 3x241.67 mm

Calculate edge effect factor

CSA A23.3:19 Eq. D,IODarﬁi ¥4 v - Modification factor for edge effects of anchors

: Ca,min . 87.5 mm
Weq,ny = min (1.0, 0.7+0.3 (MT)) = min (1, 0.7+0.3 x (m>) =0.77241

Calculate factored concrete breakout capacity
CSA A23'3:195Ig"ésg W,y = 1 - Modification factor for cracking
CSA A23'3719DCI63'§5§ ¥, v = 1 - Modification factor for concrete splitting

CSA A23.3:19 Eq. D.4 Ny - Factored concrete breakout resistance

= > Wee NVed, NV e, NP ep, N Nor

2
Ny — <202500 mm

525630 2) x1x0.77241 x 1 x 1 x 111.05 kN = 33.046 kN
mm

Calculate factored concrete pryout capacity
CSA A23.3:19 Clause D.7.3 kep = 2 - Factor for pryout strength

Shear and Compression - CSA - Base Plate Design Report

Page 18 of 21




CSA A23.3:19 Clause D.7.3 VLW, - Factored concrete pryout strength of an anchor group

Vipgr = kepNeor = 2 % 33.046 kN = 66.091 kN
Result: PASS = 0.08
DCR - Demand-to-Capacity Ratio

Via  5kN
Vpgr  66.091 kN

DCR = = 0.075653

Go back to summary results
table.

Check No. 8: Concrete Pryout Capacity (Vz Shear)

I
w

PLAN VIEW

< hef

FRONT VIEW

hef

SIDE VIEW

Calculate total shear load on anchor group due to Vz shear
V. = 5 kN - Vz shear load

MNawz = 2 - Number of anchors resisting +Vz shear
Tia,g1 = 2 - Number of anchors in anchor group PO Vz 1

V}a - Required concrete pryout strength of an anchor group

Determine if the support is a narrow concrete member

CSA A23'3"19DCI§L§5§ The support is classified as a narrow member. The modified values below will be used throughout the calculations.

Symbol Description Value
Cleft,gt | Anchor group PO Vz 1 concrete edge distance (left) 275.0 mm
Cright,g1 | Anchor group PO Vz 1 concrete edge distance (right) 175.0 mm
Ctop,gl Anchor group PO Vz 1 concrete edge distance (top) 87.5 mm
Chottom,gl Anchor group PO Vz 1 concrete edge distance (bottom) 87.5 mm
hgf Anchor rod effective embedment length 250.0 mm
Ssum,y,g1 | Anchor group PO Vz 1 sum of spacing along Y-axis 275.0 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 2.0
Mz g1 Number of anchors along Z-axis for anchor group PO Vz 1 1.0

Narrow Member TRUE
h;f,gl Anchor group PO Vz 1 modified effective embedment length | 183.3 mm

Calculation for critical
anchor group: Anchor Group

Shear and Compression - CSA - Base Plate Design Report
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BOVz 1.
Calculate maximum projected area for a single anchor

CSA A23.3:19 Eq. D.5 Aneo - Maximum projected area for a single anchor

Ayeo = 9( B

2 .
ro1) =9 (183.33 mm)’ = 302500 mm®

Calculate length of actual projected cone area (along Z-direction)
Tembed_plate = 16.35 mm - Radius of effective perimeter of embed plate

Equivalent to half anchor diameter plus thickness of embed plate
Ssum,zg1 = 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

CsA A23'3:19§Igll‘2?§ Ly, - Actual length of concrete cone for an anchor group

Lye = min (clen,gl, 1.5hgfygl) + (mm (ssum,,,,gl, 3 (nugr — 1))) + min (c,igm,g], 15h fﬁgl)

Lye = min (275 mm, 1.5 x 183.33 mm) + (min (0 mm, 3 x 183.33 mm x (1 —1))) + min (175 mm, 1.5 x 183.33 mm)

Ly, = 450 mm
Calculate width of actual projected cone area (along Y-direction)
Ssum,y,g1 = 275 mm - Anchor group PO Vz 1 sum of spacing along Y-axis
ny 1 = 2 - Number of anchors along Y-axis for anchor group PO Vz 1

CsA Az}j:lgg’gffle B, - Actual width of concrete cone for an anchor group

Bpy. = min (Cmp,gl, 145h;f_g1) + (min (ssumy‘gl, 3h:=,f,g1 (ny g1 — 1))) + min (CbouonLgl» 1.5h;f_g1)

By, = min (87.5 mm, 1.5 x 183.33 mm) + (min (275 mm, 3 x 183.33 mm x (2 — 1))) + min (87.5 mm, 1.5 x 183.33 mm)

By = 450 mm

Calculate actual projected area of the anchor group
Ma,g1 = 2 - Number of anchors in anchor group PO Vz 1
CSA A23.3:19[§Igu25§ Ap, - Actual projected area for an anchor group

Ap. = min (n,51ANco, LneBne) = min (2 % 302500 mm?, 450 mm x 450 mm) = 202500 mm?
Calculate modification factor for lightweight concrete
A = 1 - Factor for normal-weight concrete
CSA A23.3:19 Clause D.4.6 | )\, - Modification factor for lightweight concrete

A=10A=1x1=1

Calculate basic single anchor breakout strength
f¢ = 20.68 MPa - Concrete compressive strength (20.68)
¢ = 0.65 - Concrete resistance factor
R =1 - Resistance modification factor of cast-in-anchor rod in concrete failure (Tension Loads)

CsA A23'3:19D(:.Ig‘f§ k. = 10 - Factor for cast-in anchors breakout strength

CSA A23.3:19 Eq. D.6 Ny, - Factored concrete breakout resistance of a single anchor in tension

— 15
7 (P

Nyr = ke — R(N

br = ke Aa Pa\ m (N)

1.5
Ny =10 x 0.65 % 1 x4/ 2068 MPa (18333 mm \ ™ 001 kN = 73.375 kKN
1 MPa 1 mm

Calculate minimum edge distance of anchor

Ca,min - Shortest edge distance
Caymin = MiN (Cleft,g1, Crightgly Ctop,gls Chottom,gl) = Min (275 mm, 175 mm, 87.5 mm, 87.5 mm) = 87.5 mm

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

CSA A23.3:19 Eq. D.8 W,.n - Modification factor for anchor groups loaded eccentrically in tension

; . 1
¥,y =min [1.0, ——— | =min |1, ————— | =1
1 el 1+ - 2x0
W 3x183.33 mm
B

Calculate edge effect factor

CSA A23.3:19 Eq. D,lODar1u11 W.q N - Modification factor for edge effects of anchors

. Ca,min . 87.5 mm
W4 Ny = min (1.0, 0.7+ 0.3 (lﬁT)) = min (1, 0.7+ 0.3 x (m>) = 0.79545

Calculate factored concrete breakout capacity
CSA A23'3:195I65‘§sg W,y = 1 - Modification factor for cracking
CSA A23'3’19DCI[?L§5§ U, v = 1 - Modification factor for concrete splitting
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CSA A23.3:19Eq. D.4 Ny - Factored concrete breakout resistance

An,
Nepr = (A Ne > Yoo Ned, NV e, NP op N Nor
Neo

202500 mm?
N, — (200 mm

302500 2) x 1% 0.79545 x 1 x 1 x 73.375 kN = 39.072 kN
mm

Calculate factored concrete pryout capacity
CSA A23.3:19 Clause D.7.3 kep = 2 - Factor for pryout strength

CSA A23.3:19 Clause D.7.3 Vq,y, - Factored concrete pryout strength of an anchor group

Vepgr = kepNepr = 2 x 39.072 kN = 78.144 kN
Result: PASS = 0.06
DCR - Demand-to-Capacity Ratio

Vta 5 kN
DCR= % =~ _ —.063984
Vor  78.144 kN

Go back to summary results
table.

Check No. 9: Anchor Rod Shear Capacity
Calculate shear load on most critical anchor (corner anchor)
V, = 5 kN - Vy shear load

Mo,y = 2 - Number of anchors resisting +Vy shear
V. = 5 kN - Vz shear load
Mg,z = 2 - Number of anchors resisting +Vz shear

V¥a - Required shear strength on anchor

v () (GE))
o () ()

Calculations according to CSA A23.3:19 provisions:
Calculate specified tensile strength of anchor
Fy ane = 400 MPa - Anchor rod tensile stress (ASTM F1554 G36)

Fy anc = 248.2 MPa - Anchor rod yield stress (ASTM F1554 G36)

oA AZBJ%%F{Z“(%? futa - Specified tensile strength of anchor steel

futa = min (Fy_anc, 1.9Fy anc, 860) = min (400 MPa, 1.9 x 248.2 MPa, 860.00 MPa) = 400 MPa

Calculate factored shear strength of the anchor rod per CSA A23.3:19 provisions

CSA A23.3:19 Clause

DDZslngn zna%gﬁgag%"rgrgf Asey =92 mm? - Effective cross-sectional area of anchor rod in shear

able 12.3
¢s = 0.85 - Anchor rod resistance factor
R = 0.75 - Resistance modification factor of anchor rod steel failure (Shear Loads)

CSA A23.3:19 Clause D.31 Visar,A23 - Factored anchor rod steel shear strength per CSA A23

Viar,423 = Asev $50.6 fusaR = 92 mm? x 0.85 x 0.6 x 400 MPa x 0.75 = 14.072 kN

Calculations according to CSA S16:19 provisions:
Calculate factored shear strength of the anchor rod per CSA S16:19 provisions

CSA516:19 pg. 31 | A, = 126.68 mm? - Nominal cross-sectional area of anchor rod
CSA 516:19 Clause 25.3.2.1 ¢ar = 0.67 - Anchor rod resistance factor
m = 1 - Number of shear planes

CSA 516:19 Clause 25.3.3.3 ‘/;-,516 - Factored anchor rod shear strength per CSA S16

Vrs16 = 0.7¢0r0.6m Ay Fy_ane = 0.7 x 0.67 x 0.6 x 1 x 126.68 mm? x 400 MPa = 14.255 kN

DCR - Demand over capacity ratio, comparing two conditions:

DCR — max < Vio Vi ) ~ max (3.5355 kN 3.5355 kN

) , ————— | = 0.25124
Viar,a23~ Visie 14.072 kN * 14.255 kN>

Go back to summary results
table.
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