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SkyCiv Base Plate and Anchor Rod Design

t-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 -50.00 0.00 0.00

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

Column Properties:
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Symbol Description Value
Section | Column section HS324x9.5
deol Column outside diameter 324.0 mm
teol Column thickness 9.5 mm
Aol Column area 9410.0 mm~2
Fy,col Column yield stress (230G) 230.0 MPa
F, ol | Column tensile stress (230G) 380.0 MPa
Base Plate Properties:
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500.0 mm
Symbol Description Value
By, Base plate width 500.0 mm
Ly, Base plate length 500.0 mm
th,, Base plate thickness 20.0 mm
Abp Base plate plan area 250000.0 mm~2
Fy,bp Base plate yield stress 230.0 MPa
Fyp Base plate tensile stress (230G) 380.0 MPa
tgrout Grout thickness 20.0 mm

Concrete Properties:
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550.0 mm
Symbol Description Value
Beone | Concrete width 550.0 mm
Leone | Concrete length 550.0 mm
teone Concrete thickness 200.0 mm
Acone | Concrete plan area 302500.0 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
Anchor Information:
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eh =60.0 mm
Symbol Description Value
d, Anchor rod diameter 19.1 mm
hsf Anchor rod effective embedment length 130.0 mm
en Anchor hook length 60.0 mm
Fy ane | Anchor rod yield stress (ASTM F1554 G36) 248.2 MPa
Fy_anc | Anchor rod tensile stress (ASTM F1554 G36) | 399.9 MPa
Anchor Layout:
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400.0 mm
Symbol Description Value
Ng Total number of anchor rods 4.0
S, Spacing of anchor rods along Z-axis 400.0 mm
Sy Spacing of anchor rods along Y-axis 400.0 mm
lsdy(u; Base plate edge distance along Z-axis | 50.0 mm
ledgg,y Base plate edge distance along Y-axis 50.0 mm
Anchor Data Summary:
ID Z (mm) (Y (mm) Anchor in Breakout | Side-Face Side-Face BI
Tension Zone | (Tension) (Y-direction) (Z-direction)
1 200 200 v Single N/A N/A
2 -200 200 v Single N/A N/A
3 -200 -200 v Single N/A N/A
a4 200 -200 v Single N/A N/A
Weld Properties:
Symbol Description Value
Type Weld Type cJp
Xu Filler metal classification strength (E43XX) | 490.0 MPa
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Summary of Detailing Checks

Check Name Dimensions (Min/Max/Actual) Status
Anchor Clearance Min: 30.16 mm, Actual: 113.39 mm PASS
Base Plate Edge Distance Min: 26.00 mm, Actual: 50.00 mm PASS
Minimum Number of Anchors Min: 4.00, Actual: 4.00 PASS
Min. Anchor Spacing to Prevent Concrete Splitting | Min: 76.20 mm, Actual: 400.00 mm PASS
Min. Concrete Cover to Prevent Concrete Splitting | Min: 75.00 mm, Actual: 75.00 mm PASS

The design geometry meets requirements!

Base Plate Design Report

Page 3 of 9




REFERENCES

CALCULATIONS

RESULTS

CSA 516:19 Claus:
13.13.

e

3.1

Load Combination No. 1: Tension Load Only

Check No. 1: Weld Capacity

Fig. Effective welds on column to base plate.
Calculate effective weld length on pipe

The effective weld length per anchor is calculated as the arc length to the tangent points of the column. In the case of closely spaced anchors, a
shorter arc length is determined to prevent overlap.

lare = 254.47 mm - Arc length of the tangent points to the column
deoi = 324 mm - Column outside diameter
nNgt = 4 - Number of anchors in tension

lesf - Design effective weld length

less = min (L,m @) = min (254.47 mm, M) = 254.47 mm

N, 4
Calculate load per unit length of weld
N, = 50 kN - Tension load
Nt = 4 - Number of anchors in tension
lefs = 254.47 mm
Tovanchor - Tension load per anchor

N, 50 kN
Toanchor = —= = —— = 12:5 kN
at 4

vy - Factored load per unit length of weld

T anchor .
vy = enctor . _125KN_ 4 649199 1N /mmm
leys 254.47 mm

Calculate base metal capacity for CJP

Fy cor = 230 MPa - Column yield stress (230G)
Fy p, = 230 MPa - Base plate yield stress

teor = 9.53 mm - Column thickness

tpp = 20 mm - Base plate thickness

¢ = 0.9 - Structural steel resistance factor

vy bm - Factored base metal resistance per unit length (CJP)

Vrpm = ¢ (min (Fy colteol, Fy bptp))

Vrpm = 0.9 X (min (230 MPa x 9.53 mm, 230 MPa x 20 mm)) = 1.9727 kN/mm

Result:

DCR - Demand over capacity ratio:

v 0.049122 kN /mm

DCR = =
Urbm 1.9727 kN/mm

= 0.024901

PASS = 0.02

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

b

anchor

Fig. Bending of base plate from eccentric anchor load.
Calculate lever arm distance
d, = 120.84 mm - Offset distance to face of column

Teol = 162 mm - Column outside radius
leff = 254.47 mm

€pipe - Adjusted lever arm for pipe (distance to face of column plus sagitta of welded arc)
Legt

€pipe = Ao +Teor | 1 — cos | ——

2reol

254.4'
€pipe = 120.84 mm + 162 mm x ( 1 — cos 25447 mm = 168.29 mm
2 x 162 mm
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Calculate applied moment load on effective width of base plate
Ty anchor = 12.5 kKN

€pipe = 168.29 mm - Tensile load eccentricity

Mf - Factored bending load on base plate

M; = Ty anchor€pipe = 12.5 kN x 168.29 mm = 2103.6 kN-mm

(@) (©)
e
(©) (@)

Fig. Assumed bending width on base plate.
Calculate bending width
deo; = 324 mm - Column outside diameter

lejs = 254.47 mm

6,44 - Central angle of weld arc

letf 254.47 mm
Orad = = 222 B 15708
' 05de 0.5 x 324 mm

b - Bending width

b= deor (sin ( 9;“‘)) = 324 mm x (sin <L;08>> = 229.1 mm

Calculate flexural yielding capacity of base plate
b =229.1 mm

typ = 20 mm - Base plate thickness

CSA 516:19 Clause 13.5 Zeff - Plastic modulus of the effective section

b(tyy)®  229.1 mm x (20 mm)*
Zeff = (ff) =— ( y_ 22910 mm®

F, p, = 230 MPa - Base plate yield stress
¢ = 0.9 - Structural steel resistance factor

CSA 516:19 Clause 13.5 | M, - Factored bending resistance of base plate

M, = ¢F, ppZeys = 0.9 x 230 MPa x 22910 mm?® = 4742.4 kN-mm
Result: PASS = 0.44
DCR - Demand over capacity ratio:

My 2103.6 kN-mm

DCR = = ———————— = 0.44358
M, 4742.4 kN-mm
Check No. 3: Anchor Rod Tensile Capacity
Fig. Anchor steel tension failure.

Calculate load per tension anchor
N, = 50 kN - Tension load
Nat = 4 - Number of anchors in tension
Ny, - Factored tensile load on anchor rod

N, 50 kN

Npg = — = ——— =12.5kN
Nt 4

Calculate specified tensile strength of anchor
Fy_anc = 400 MPa - Anchor rod tensile stress (ASTM F1554 G36)

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

CSA A23.3:19[§.Ig‘u155 futa - Specified tensile strength of anchor steel

futa = min (Fy_anc, 1.9F, _anc, 860) = min (400 MPa, 1.9 x 248.2 MPa, 860.00 MPa) = 400 MPa

Calculate anchor steel tensile capacity from CSA A23.3:19

CSA A23.3:19 Clause
D.6.1.2 and CAC Concrete
Design Handbook 3rd Ed.
Table 12.3

A, n = 215 mm? - Effective cross-sectional area of anchor rod in tension

¢s = 0.85 - Anchor rod resistance factor
R = 0.8 - Resistance modification factor of anchor rod in tension

CSA A23.3:19 Eq. D.2 | N,,, - Factored resistance of anchor rod in tension

Nuar = Ase N¢s futaR = 215 mm? x 0.85 x 400 MPa x 0.8 = 58.465 kN

Calculate anchor steel tensile capacity from CSA S16:19
Fy_anc = 400 MPa - Anchor rod tensile stress (ASTM F1554 G36)
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CSA 516:19 pg. 31 | A, = 285.02 mm? - Nominal cross-sectional area of anchor rod
$16:19 Clause 25.3.2.1 | ¢,, = 0.67 - Anchor rod resistance factor
CSA 516:19 Clause 25.3.2.1 T, - Factored resistance of anchor rod in tension
T, = ¢r0.85 Auy Fy_ane = 0.67 x 0.85 x 285.02 mm? x 400 MPa = 64.912 kN
DCR - Demand over capacity ratio:
N, 12.5 kN
DCR= 1% = 22 _ (2138
Npq 58.465 kN
Check No. 4: Concrete Breakout Capacity (Tension Load)
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Calculate tension load per single anchor
N, = 50 kN - Tension load
Ngs = 4 - Number of single anchors
Nfa - Factored tensile load on single anchor
N, 50 kN
Nfy = —= = —— =125kN
Na,s 4
Determine if the support is a narrow concrete member
CSA A23'3"19§Igés§ The support is not a narrow member.
Symbol Description Value
Cleft,s1 Single anchor concrete edge distance (left) 475.0 mm
Cright,s1 | Single anchor concrete edge distance (right) 75.0 mm
Ctop,s1 Single anchor concrete edge distance (top) 75.0 mm
Cpottom,s1 | Single anchor concrete edge distance (bottom) | 475.0 mm
hef Anchor rod effective embedment length 130.0 mm
Narrow Member FALSE
Sample calculation for worst
case: Anchor ID 1.
Calculate maximum projected area for a single anchor
Acl 318'_{;5’25‘"1’53 hef.s1 = 130 mm - Anchor rod effective embedment length
CSA A23.3:19Eq. D.5 Apeo - Maximum projected area for a single anchor
Aneo = Y(hes1)* = 9 x (130 mm)® = 152100 mm?
Calculate length of actual projected cone area (along Z-direction)
Tembed_plate = 0 mm - This variable should not be used.
CSA A23.3:19§Igu§§ Ly, - Actual length of concrete cone for a single anchor
Ly, = (min (Clef,s1, 1.5hef,s1 + Yembed plate)) + (Min (Cright,s1, 1.5Nefs1 + Tembed plate))
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CSA A23.3:19 Clause
D.6.2.1

CSA A23.3:19 Clause
D.6.2.1

CSA A23.3:19 Clause D.4.6

CSA A23.3:19 Clause
D.6.2.1

ACl 318-19 Clause
17.6.2.1.2

CSA A23.3:19 Eq. D.6

CSA A23.3:19 Eq. D.10 and
D.11

CSA A23.3:19 Eq. D.10 and
D.11

CSA A23.3:19 Clause
D.6.2.6

CSA A23.3:19 Clause
D.6.2.7

CSA A23.3:19 Eq. D.3

Lye = (min (475 mm, 1.5 x 130 mm + 0 mm)) + (min (75 mm, 1.5 x 130 mm + 0 mm))

Lye = 270 mm
Calculate width of actual projected cone area (along Y-direction)
Tembed_plate = 0 TM

Bn. - Actual width of concrete cone for a single anchor

Bye = (min (Ciops1, 1.5hefs1 + Tembed plate)) + (min (Chottom,st, 1.5hefs1 + Tembed_plate))

By, = (min (75 mm, 1.5 X 130 mm + 0 mm)) + (min (475 mm, 1.5 x 130 mm + 0 mm))

Bn. = 270 mm
Calculate actual projected area of the single anchor
Ap. - Actual projected area for a single anchor
Ane = LyeBne = 270 mm x 270 mm = 72900 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
k. = 10 - Factor for cast-in anchors breakout strength
¢ = 0.65 - Concrete resistance factor
f¢ = 20.68 MPa - Concrete compressive strength (20.68)
hefs1 = 130 mm - Anchor rod effective embedment length
R =1 - Resistance modification factor of cast-in anchor rod in tension

Ny, - Factored concrete breakout resistance of a single anchor in tension

Fo (heps \"°
Nipr = kepAa — N
b A MPa \ mm R

1.5
N,W:wxo.ﬁsxlx,/w’x B0mmA ™ 0.001 kN = 43.813 kKN
1 MPa 1 mm

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

Caymin = 1IN (Cleft,s1, Cright,sls Ctop,sls Chottom,s1) = Min (475 mm, 75 mm, 75 mm, 475 mm) = 75 mm

Calculate edge effect factor

W, 4~ - Modification factor for edge effects of anchors

Ca,min 75 mm
Tegy = min (1.0, 0.7 +0.3( —22 ) ) = mmin (1, 0.7+ 03 x [ —222 ) _ 51538
BN = min < + ( L5hers: )) min ( +08x ( 15 % 130 mm))

Calculate concrete breakout capacity of the single anchor
W n = 0.81538

¥,y = 1 - Modification factor for cracking
W, v = 1 - Modification factor for concrete splitting
Neyr - Factored concrete breakout resistance

72900 mm?
152100 mm?

Ane
Nopy = < 2 ) Vi NN o v Ny = (

a1 ) % 0.81538 x 1 x 1 x 43.813 kN = 17.122 kN
Neo

Result:

DCR - Demand over capacity ratio:

Nia 12.5 kN
DCR = —— = ——— = 0.73004
Nepr 17.122 kN

PASS = 0.73

Check No. 5: Anchor Pullout Capacity
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CSA A23.3:19 Clause
D.6.3.6

CSA A23.3:19 Eq. D.17

Fig. Hook anchor concrete pullout failure.
Calculate load per tension anchor
N, = 50 kN - Tension load

Ngt = 4 - Number of anchors in tension

Nfu - Factored load on cast-in anchor

N Do RNy

Na,t

Calculate basic anchor pullout strength

¥, p = 1 - Modification factor for pullout

¢ = 0.65 - Concrete resistance factor

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

ey, = 60 mm - Anchor hook length

d, = 19.05 mm - Anchor rod diameter

R =1 - Resistance modification factor of cast-in anchor rod in tension

NpT - Factored pullout resistance of a single J-bolt or L-bolt

Ny = ¥, p0.9¢ (f;)end,R =1 x 0.9 x 0.65 x (20.68 MPa) x 60 mm x 19.05 mm x 1 = 13.828 kN
Result:
DCR - Demand over capacity ratio:

Ntq 12.5 kN
DCR = = ———— —1.90398
N,.  13.828kN

PASS = 0.90

Check No. 6: Concrete Side-Face Blowout Capacity (Y-Direction)
Calculation Note:

Check is not applicable for anchors with non-headed ends

N/A = 0.00

Check No. 7: Concrete Side-Face Blowout Capacity (Z-Direction)
Calculation Note:

Check is not applicable for anchors with non-headed ends

N/A = 0.00
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Summary of Design Checks

Load Combination Design Check Demand | Capacity DCR Result
1 Weld Capacity 0.05 1.97 0.02 PASS
1 Base Plate Yield Capacity (Tension Load) 2103.64 | 4742.42 0.44 PASS
1 Anchor Rod Tensile Capacity 12.50 58.47 0.21 PASS
1 Concrete Breakout Capacity (Tension Load) 12.50 17.12 0.73 PASS
1 Anchor Pullout Capacity 12.50 13.83 0.90 PASS
1 Concrete Side-Face Blowout Capacity (Y-Direction) 0.00 0.00 0.00 N/A
1 Concrete Side-Face Blowout Capacity (Z-Direction) 0.00 0.00 0.00 N/A

The design is adequate!

The governing combination
is Load Combination 1.
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