REFERENCES CALCULATIONS RESULTS

SkyCiv Base Plate and Anchor Rod Design
Shear and Compression - EN
Project Information:

Design Code: EN 1993-1-8-2005, EN 1993-1-1-2005 and EN 1992-1-1-2004
Anchoring Code: EN 1992-4:2018

Load Combinations:

Load Combination | Axial Load, Nx (kN) | Strong-axis Shear, Vy (kN) | Weak-axis Shear, Vz (kN)
1 1500.00 25.00 12.00

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

Column Properties:
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Symbol Description Value
Section | Column section HP 360x180
deol Column depth 362.9 mm
ty Column web thickness 21.1 mm
by Column flange width 378.8 mm
tf Column flange thickness 21.1 mm
Aol - | Column area 23000.0 mm?
Teol Column root radius 15.2 mm
fy L Column yield strength (S275N) 265.0 MPa
fucor | Column ultimate tensile strength (S275N) 370.0 MPa

Shear and Compression - EN - Base Plate Design Report

Page 1 of 18




REFERENCES CALCULATIONS RESULTS
Base Plate Properties:
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750.0 mm
Symbol Description Value
By, Base plate width 750.0 mm
Ly, Base plate length 750.0 mm
top Base plate thickness 25.0 mm
Ay, Base plate plan area 562500.0 mm?
Sy o Base plate yield strength (5235) 225.0 MPa
Suvp Base plate ultimate tensile strength (5235) 360.0 MPa
torout Grout thickness 0.0 mm
Material | Grout material = 30 MPa
Concrete Properties:
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750.0 mm
Symbol Description Value
Beone | Concrete width 750.0 mm
Leone Concrete length 750.0 mm
teone Concrete thickness 380.0 mm
Acone Concrete plan area 562500.0 mm?2
fer Concrete compressive strength (C20/25) 20.0 MPa
— Concrete assumption: cracked or uncracked Cracked
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Anchor Information:
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Symbol Description Value
dane Anchor rod diameter 24.0 mm
hey Anchor rod embedment length 300.0 mm
bembed_plate | Anchor embed plate side dimension 100.0 mm
tembed_plate | Anchor embed plate thickness 16.0 mm
Fy anc Anchor rod yield strength (8.8) 640.0 MPa
Fy anc Anchor rod ultimate tensile strength (8.8) | 800.0 MPa
dhole Anchor rod clearance hole diameter 26.0 mm
Anchor Layout:
75.0 mm
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150.0 mm !
Symbol Description Value
Tanc Total number of anchor rods 10.0
S, Spacing of anchor rods along Z-axis 150.0 mm
Sy Spacing of anchor rods along Y-axis 550.0 mm
ledgE,Z Base Plate edge distance along Z-axis | 75.0 mm
ledgey Base Plate edge distance along Y-axis | 100.0 mm
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Anchor Data Summary:
ID Z (mm) | Y (mm)
1 150.000 | 275.000
2 -150.000 | 275.000
B 300.000 | 275.000
4 -300.000 | 275.000
5 0.000 [ 275.000
6 150.000 | -275.000
7 -150.000 | -275.000
8 300.000 [ -275.000
9 -300.000 | -275.000
10 0.000 -275.000
ID Anchor in Breakout | Side-Face Bl Side-Face Bl
Tension Zone | (Tension) (Y-direction) (Z-direction)
1 v BO Group 1 - SFz Group 1
2 4 BO Group 1 - SFz Group 1
3 v BO Group 1 Single SFz Group 1
4 v BO Group 1 Single SFz Group 1
5 v BO Group 1 - SFz Group 1
6 v BO Group 1 - SFz Group 2
7 v BO Group 1 - SFz Group 2
8 v BO Group 1 Single SFz Group 2
9 v BO Group 1 Single SFz Group 2
10 v BO Group 1 - SFz Group 2
ID Shear Direction Breakout Breakout Pryout Pryout
Resisted (Vy Shear) [ (Vz Shear) (Vyrghear) (Vzrghear)
1 +Vy BO Vy Group 1 - PO Vy All Load Directions | PO Vz Group 1
2 +Vy BO Vy Group 1 - PO Vy All Load Directions | PO Vz Group 1
3 +Vz +Vy BO Vy Group 1 Single PO Vy All Load Directions | PO Vz Group 1
a4 Vz +Vy BO Vy Group 1 Single PO Vy All Load Directions | PO Vz Group 1
5 +Vy BO Vy Group 1 - PO Vy All Load Directions | PO Vz Group 1
6 Vy BO Vy Group 2 - PO Vy All Load Directions | PO Vz Group 1
7 Vy BO Vy Group 2 - PO Vy All Load Directions | PO Vz Group 1
8 +Vz -Vy BO Vy Group 2 Single PO Vy All Load Directions | PO Vz Group 1
9 Vz -Vy BO Vy Group. 2 Single PO Vy All Load Directions | PO Vz Group 1
10 Vy BO Vy Group 2 - PO Vy All Load Directions | PO Vz Group 1
Weld Properties:
Symbol Description Value
Type Weld Type Fillet
Ztop_flange Fillet weld leg size at Top Flange 12.000 mm
Zpottom_flange | Fillet weld leg size at Bottom Flange 12.000 mm
Zweb Fillet weld leg size at Web 12.000 mm
Qtop_flange Weld throat thickness at Top Flange 8.485 mm
Qpottom_flange | Weld throat thickness at Bottom Flange 8.485 mm
Queb Weld throat thickness at Web 8.485 mm
8 Filler metal ultimate tensile strength (E38) [ 470.000 MPa
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Summary of Detailing Checks

Check Name Dimensions (Min/Max/Actual) Status Reference
Weld Size Requirement (Flange) m‘; 4.24 mm, Max: 19.00 mm, Actual: 12.00 PASS | EN 1993-1-8:2005 Clause 4.5.2-2
Weld Size Requirement (Web) Min: 4.24 mm, Max: 19.00 mm, Actual: 12.00 PASS | EN 1993-1-8:2005 Clause 4.5.2-2
Anchor Clearance Min: 34.92 mm, Actual: 81.55 mm PASS SkyCiv Recommendation
Base Plate Edge Distance Min: 36.00 mm, Actual: 75.00 mm PASS EN 1993-1-8:2005 Table 3.3
Minimum Number of Anchors Min: 4.00, Actual: 10.00 PASS | SCI P358 Clause 7.3
Embedded Plate Dimension Min: 96.00 mm, Actual: 100.00 mm PASS SkyCiv Recommendation
Min. Anchor Spacing to Prevent Concrete ine . EN 1992-4-2018: Clause
Splitting Min: 24.00 mm, Actual: 150.00 mm PASS 7.2.1.7(1)
Min. Concrete Cover to Prevent Concrete in: . EN 1992-4-2018: Clause
Splitting Min: 40.00 mm, Actual: 75.00 mm PASS 7.21.7(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 1 125.76 360.00 0.35 PASS
Concrete Bearing Capacity and Base Plate Yield Capacity (Compression Load 1 1500.00 | 1811.26 0.83 PASS
Base Plate Bearing Capacity (Vy Shear) 1 2.50 432.00 0.01 PASS
Base Plate Bearing Capacity (Vz Shear) 1 1.20 415.38 0.00 PASS
Concrete Breakout Capacity (Vy Shear) 1 25.71 28.87 0.89 PASS
Concrete Breakout Capacity (Vz Shear) 1 6.50 9.33 0.70 PASS
Concrete Pryout Capacity 1 27.73 191.52 0.14 PASS
Anchor Rod Shear Capacity 1 2.77 144.76 0.02 PASS

v All Desigh Checks Passed

The design is adequate.
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Load Combination No. 1: Compression Load and Shear Load

Check No. 1: Weld Capacity

Fig. Welds on column to base plate.
Notes:
Assume the Vz shear load is taken by the flange welds only.
Assume the Vy shear load is taken by the web welds only.

Calculate total weld length
Lyelq - Total length of weld

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

Lyeta =2 x 378.8 mm + 2 X (362.9 mm — 2 x 21.1 mm — 2 x 15.2 mm) + 2 x (378.8 mm — 21.1 mm — 2 x 15.2 mm)

Luyeig = 1992.8 mm
Calculate total weld length on flanges
by = 378.8 mm - Column flange width
ty = 21.1 mm - Column web thickness
Teol = 15.2 mm - Column root radius

Ly, flg - Total length of weld at flange

Ly _fig = 2bg + 2 (by — tw — 2req) = 2 X 378.8 mm + 2 x (378.8 mm — 21.1 mm — 2 X 15.2 mm) = 1412.2 mm

Calculate normal and shear stresses
N, = 1500 kN - Compression load

ajy = 8.485 mm - Design weld throat thickness at flange

throat

0~

Fig. Weld stresses.

EN 1993-1-8:2005 515&%52 o, - Normal stress perpendicular to the throat

N, 1500 kN
o = = = = 62.728 MPa
Lwldaﬂgﬂ 1992.8 mm x 8.485 mm X /2
EN 1993-1-8:2005 flgﬂésg T - Shear stress in the plane of the throat perpendicular to the axis of the weld
N, 1 kN
TU= : = 500 = 62.728 MPa
Lyeaangy/2  1992.8 mm x 8.485 mm x /2
EN 1993-1-8:2005 ‘(lfléa%sg 7| - Shear stress in the plane of the throat parallel to the axis of the weld
12 kN
V. = 1.0015 MPa

T T gy, 1412.2 mm x 8.485 mm

Calculate design weld stress using directional method
EN 1993-1-8:2005 Eq. 4.1 Fy pa1 - Design weld stress using directional method

Fopn = \/((m)z) +3((00?) + (@)*))

Fopa = \/((62.728 MPa)’) +3 x (((62728 MPa)2> + ((10015 MPa)2))

Fy pa1 = 125.47 MPa

Calculate design perpendicular stress on base metal
EN 1993-1-8:2005 glsalésg o, = 62.728 MPa

EN 1993-1-8-2005 Eq. 4.1 F, pa> - Design normal stress for base metal check using directional method

Fypan = 01 = 62.728 MPa
Calculate total weld length on web
deor = 362.9 mm - Column depth
t; = 21.1 mm - Column flange thickness

Teol = 15.2 mm - Column root radius
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EN 1993-1-8:2005 Clause
4.5.3.2

EN 1993-1-8:2005 Clause
4.5.3.2

EN 1993-1-8:2005 Clause
4.5.3.2

EN 1993-1-8:2005 Eq. 4.1

EN 1993-1-8:2005 Clause
4.5.3.2

EN 1993-1-8-2005 Eq. 4.1

EN 1993-1-8:2005 Eq. 4.1

EN 1993-1-8:2005 Eq. 4.1

EN 1993-1-8:2005

EN 1993-1-8:2005

EN 1993-1-8:2005 Clause
4.5.3.2 (6)

EN 1993-1-8:2005

EN 1993-1-8-2005 Eq. 4.1

EN 1993-1-8:2005
EN 1993-1-8:2005

EN 1993-1-8-2005 Eq. 4.1

Ly, web - Total length of weld at web

Ly web = 2 (deot — 2t5 — 27co1) = 2 X (362.9 mm — 2 x 21.1 mm — 2 x 15.2 mm) = 580.6 mm

Calculate normal and shear stresses
N, = 1500 kN - Compression load

ayep = 8.485 mm - Weld throat thickness at Web

throat

P T,

T

0, .~

Fig. Weld stresses.

o - Normal stress perpendicular to the throat

P = 1500 kN = 62.728 MPa
Lueiduwery/2  1992.8 mm x 8.485 mm x /2
T - Shear stress in the plane of the throat perpendicular to the axis of the weld
e 1500 kN = 62.728 MPa
Luetd@uery/2  1992.8 mm x 8.485 mm x /2
7| - Shear stress in the plane of the throat parallel to the axis of the weld
V,
L 2 kN = 5.0747 MPa

T T webtwes  580.6 mm x 8.485 mm

Calculate design weld stress using directional method
Fy a1 - Design weld stress using directional method

Fusn = ¢ (02) +3((?)+ (@)2))

Fupn = \/ ((62.728 MPa)’) + 3 x (((62.728 MPa)’) + ((5.0747 MPa)’ ) )

Fy pa1 = 125.76 MPa
Calculate design perpendicular stress on base metal
o, = 62.728 MPa
F.,.Eda2 - Design normal stress for base metal check using directional method

Fypa» = 01 = 62,728 MPa

Determine governing weld stress
Fy ga1 - Governing design weld stress using directional method

Fy g1 = max (Fypai, Fwpar) = max (125.47 MPa, 125.76 MPa) = 125.76 MPa

Fy ga2 - Governing design weld stress using directional method

Fy ga2 = max (Fy a2, Fwga2) = max (62.728 MPa, 62.728 MPa) = 62.728 MPa
Determine the ultimate tensile strength of the weakest material
fu_col = 370 MPa - Column ultimate tensile strength (S275N)
fu_bp = 360 MPa - Base plate ultimate tensile strength (S235)
fuw = 470 MPa - Filler metal ultimate tensile strength (E38)
fu - Nominal tensile strength of the weaker part joined

fu=min (fy co1, fu bp, fuw) = min (370 MPa, 360 MPa, 470 MPa) = 360 MPa

Calculate fillet weld strength
fu =360 MPa
Bw = 0.8 - Weld correlation factor
Yar2,weld = 1.25 - Partial safety factor for resistance of welds

F.ra1 - Design resistance of fillet weld using directional method

360 MP:
L —— 2_ _ 360 MPa
Buw (YM2,we1a) 0.8 x (1.25)
Calculate design resistance of base metal
fu =360 MPa
YM2,weld = 1.25 - Partial safety factor for resistance of welds
F, ras - Design resistance of base metal using directional method
0.9 . MP:
Fw,Rd‘Z = _f“ = m = 259.2 MPa

YM2,weld 1.25

Result:

DCR - Demand over capacity ratio, comparing two conditions:

Shear and Compression - EN - Base Plate Design Report

Page 7 of 18




Fy Fy kd
DCR = max ( i ﬂ)

(125.76 MPa 62.728 MPa
Furar Fuwraz

360 MPa ' 259.2 MPa

) = 0.34934

Go back to summary results
table.

Check No. 2: Concrete Bearing Capacity and Base Plate Yield Capacity (Compression Load)
Calculate bearing load on concrete
N, = 1500 kN - Compression load

Ngq - Design bearing force
Ngqg = N, = 1500 kN

Calculate base plate area
Ly, = 750 mm - Base plate length
By, = 750 mm - Base plate width
Ay - Loaded area of base plate

Ag = BypLy, = 750 mm x 750 mm = 562500 mm?
Calculate alpha coefficient
Leone = 750 mm - Concrete length
Beone = 750 mm - Concrete width
teonc = 380 mm - Concrete thickness

e, - Additional length outside of base plate in calculating alpha coefficient

Leone — Ly 750 mm — 750 mm
en = 5 - 5 -0

e, - Additional width outside of base plate in calculating alpha coefficient

. Beone — Byp 750 mm — 750 mm
b = = r

2 2

Design Guide "Multi-Storey
Steel Buildings" by Arcelor
Mittal, Peiner Trager and
Corus, Part 5, Section 6.1

« - Alpha coefficient which accounts for diffusion of the concentrated force within the foundation

: teone ( ey ) < ep > >
a=min|l4+ ———, 1+2(— ), 1+2(=— 1,3
( max (Lpp, Bpp) Lyp By,

380 mm 0

. 0
a=mn(l+ —————, 142X | —— ), 1 +2 X | —
max (750 mm, 750 mm) 750 mm 750 mm

Calculate design compressive strength of concrete

EN 1992-1-1:2004 Cléa.uls.g aq. = 1 - Coefficient for compressive strength long term effects

fer = 20 MPa - Concrete compressive strength (C20/25)

EN 1992-1-1:2004 Tzaglﬁ 7yc = 1.5 - Partial safety factor for resistance of concrete

EN 1992-1-1:2004 Eq. 3.15 | f.q - Design compressive strength of concrete

aeefer 1 x 20 MPa
fo=——=—"77"

= 13.333 MPa
Yo 1.5

Calculate design bearing strength of the joint

Design Guide "Multi-Storey
Steel Buildings" by Arcelor
Mittal, Peiner Trager and
Corus, Part 5, Section 6.1

a=1

= 0.66667 - Foundation joint material coefficient
EN 1992-1-1:2004 Eq. 3.15 fea = 13.333 MPa

EN 1993-1-8:2005 Eq 6.6
and EN 1992-1 -1:2004656%; fja - Design bearing strength of the joint

fia = Pafea = 0.66667 x 1 x 13.333 MPa = 8.8889 MPa

Calculate cantilever ‘c' dimension on base plate effective area

EN 1993-1-8:2005 Eq 6.6
and EN 1952-1-1:2004 Eq. fia = 8.8889 MPa

fy tp = 225 MPa - Base plate yield strength (S235)
ty, = 25 mm - Base plate thickness
EN 1993-1-1:2005 Clau6s§‘

Yo = 1 - Partial safety factor for resistance of steel cross-sections

sc P%5§§goggafévelgg3§ c - Cantilever length from base plate bending resistance

fup 225 MPa
=1 — =25 X4 = T72.618
¢ bpm ) 38,8889 MPa x 1 mm

by = 378.8 mm - Column flange width

Calculate effective area

deor = 362.9 mm - Column depth
ty = 21.1 mm - Column web thickness

Aol = 23000 mm? - Column area
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SCI P358 pg. 243, EN 1993-
1-1:2005 Clause 6.2.5

SCI P358 pg. 242

SCI P358 pg. 242

EN 1993-1-8:2005 Eq 6.6
and EN 1992-1 rl.‘20046E6(z:j

SCI P358 pg. 242

EN 1993-1-8:2005 Eq 6.6
and EN 1992-1 -1.'2004656%,

c="72.618 mm

Fig. Effective area on base plate.
The dimension 'c' is not overlapping within the column profile
P,y - Perimeter of column

Poop = 2bg + 2deor + 2 (by — ty) = 2 x 378.8 mm + 2 x 362.9 mm + 2 x (378.8 mm — 21.1 mm) = 2198.8 mm
A, - Effective area of base plate
A, = 4¢* + Poic + Acqt = 4 x 72.618 mm” + 2198.8 mm x 72.618 mm -+ 23000 mm* = 203770 mm*

Calculate design bearing resistance

fia = 8.8889 MPa

A, = 203770 mm?
Ay = 562500 mm?

Nrq - Design concrete bearing resistance on base plate effective area
Npa = (min (Ae, Aw)) fia = (min (203770 mm?, 562500 mmz)) % 8.8889 MPa = 1811.3 kN

Result:

DCR - Demand-to-Capacity Ratio

Ngq 1500 kN

PASS = 0.83

EN 1993-1-8:2005 Table 3.4

EN 1993-1-8:2005 Table 3.4

EN 1993-1-8:2005 Table 3.4

EN 1993-1-8:2005 Table 3.4

EN 1993-1-8:2005 Table 3.4

DCR = = ————— = 0.82815
Nrq 1811.3 kN
Go back to summary results
table.
Check No. 3: Base Plate Bearing Capacity (Vy Shear)
Calculate shear load per anchor
Vy, = 25 kN - Vy shear load
Nane = 10 - Total number of anchor rods
Fy ga - Design shear force per anchor
12 25 kN
Fypg = —— ==2—— —25kN
4 Nane 10
Symbol Description Value
dhole Anchor rod clearance hole diameter 26.0 mm

ledgey Base Plate edge distance along Y-axis | 100.0 mm

ledge,- | Base Plate edge distance along Z-axis [ 75.0 mm

Sy Spacing of anchor rods along Y-axis 550.0 mm

S, Spacing of anchor rods along Z-axis 150.0 mm

Calculate alpha d factor for end and inner bolts
Qg end - Alpha d factor for end bolts

o _ ledge,y _ 100 mm — 1.2821
b S e 3% 26mm

Qg inner - Alpha d factor for inner bolts

sy 1 550 mm 1
- - =~ =6.8013
Gdinner = g e 4 3x26mm 4
Calculate governing alpha b factor
ay, - Alpha b factor
) . . 800 MPa
ap = min (ad‘e,,d, Qdjnmers f“—; 140) = min (1.2821, 6.8013, s 1) -

Calculate k1 factor for edge and inner bolts

k1 eage - k1 factor for edge bolts
. ledge, S,
Fiedge = min (2.8 ( =2 ) — 1.7, 1.4 — 17,25
dole dhole

K1 cdge = min <248 y <M> 17, 14 % (M> 17, 245> =25

26 mm 26 mm

K1 inner - k1 factor for inner bolts

Shear and Compression - EN - Base Plate Design Report

Page 9 of 18



file:///home/admin/web/solver.skyciv.com/public_html/temp/raw_report_vMY0X8NgOy8oESbC_1.html#design-check-summary-section

Ftimmer = min (1.4 (=2} — 1.7, 25 ) = min (1.4 x (2022 17 95) —25
’ dhole 26 mm

Calculate governing k1 factor
EN 1993-1-8:2005 Table 3.4 k1 - k1 factor

k1 = min (kg edge; Kijnner) = min (2.5, 2.5) = 2.5
Calculate design bearing resistance of base plate
fu_bp = 360 MPa - Base plate ultimate tensile strength (S235)
dune = 24 mm - Anchor rod diameter
tpp = 25 mm - Base plate thickness
EN 1993-1-8:2005 | ~Ym2,anchor = 1.25 - Partial safety factor for resistance of bolts/anchors
EN 1993-1-8:2005 Table 3.4 Fy pa - Design bearing resistance of anchor rod on base plate

kron fu bpdanctty 2.5 x 1 x 360 MPa x 24 mm x 25 mm
YM2,anchor 1.25

Result: PASS = 0.0

DCR - Demand-to-Capacity Ratio

=432 kN

Fypa =

Fopa  25kN
DOR= —— = 22— =(.005787
Fy pa 432 kN
Go back to summary results
table.
Check No. 4: Base Plate Bearing Capacity (Vz Shear)
Calculate shear load per anchor
V. = 12 kN - vz shear load
Nane = 10 - Total number of anchor rods
F}, ga - Design shear force per anchor
V. 12 kN
Fyopg= — = —— =1.2kN
Tanc 10
Symbol Description Value
dhole Anchor rod clearance hole diameter 26.0 mm

ledge,y Base Plate edge distance along Y-axis | 100.0 mm

ledge, Base Plate edge distance along Z-axis | 75.0 mm

Sy Spacing of anchor rods along Y-axis 550.0 mm

S, Spacing of anchor rods along Z-axis 150.0 mm

Calculate alpha d factor for end and inner bolts
EN 1993-1-8:2005 Table 3.4 Qd.end - Alpha d factor for end bolts

ledge, - 75 mm

= ————— =10.96154
3dhole 3 x 26 mm

Qd.end =

EN 1993-1-8:2005 Table 3.4 Qdinner - Alpha d factor for inner bolts

e 1 150 mm

1
=~ =16731
3dhole 4 3x26mm 4

Qd inner =

Calculate governing alpha b factor
EN 1993-1-8:2005 Table 3.4 | «y - Alpha b factor

800 MPa
360 MPa’

Fy anc .
ap = min <ad,end, Qd fner f*“ , 1.0) = min <0.96154, 1.6731,
W bp

1> = 0.96154

Calculate k1 factor for edge and inner bolts

EN 1993-1-8:2005 Table 3.4 klygdgg - k1 factor for edge bolts
. Ledge,y Sy
kicdge = min ( 2.8 ( —— | — 1.7, 1.4 —1.7, 2.5
dhole dhole

. 100 mm 550 mm
k1 cdge = min (2.8 X (m> —1.7, 1.4 x (m> - 1.7, 2.5) =25

EN 1993-1-8:2005 Table 3.4 kl,imm - k1 factor for inner bolts

Kt immer = min (1.4 ( =2 ) —1.7, 2.5) = min (1.4% (2222 17 95) —25
« dhole 26 mm

Calculate governing k1 factor

EN 1993-1-8:2005 Table 3.4 k1 - k1 factor
k1 = min (ki edge, Kijinner) = min (2.5, 2.5) = 2.5
Calculate design bearing resistance of base plate
fu bp = 360 MPa - Base plate ultimate tensile strength (S235)
dane = 24 mm - Anchor rod diameter
tpp = 25 mm - Base plate thickness
EN 1993-1-8:2005 | ~Ya2,anchor = 1.25 - Partial safety factor for resistance of bolts/anchors

EN 1993-1-8:2005 Table 3.4 Fy ga - Design bearing resistance of anchor rod on base plate

Shear and Compression - EN - Base Plate Design Report
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krow fu_tpdanctyy 2.5 x 0.96154 x 360 MPa x 24 mm x 25 mm
Fyra = =
YM2,anchor 1.25

Result:

DCR - Demand-to-Capacity Ratio

F,
DCR — bEd  1.2KkN

et —0.0028889
Fora  415.38 kN

= 415.38 kN

PASS = 0.00

Go back to summary results
table.

EN 1992-4:2018 Clause
7.2.2.5(14)

Check No. 5: Concrete Breakout Capacity (Vy Shear)
Vy, = 25 kN - Vy shear load

Mgy = 5 - Number of anchors resisting +Vy shear
Ngg1 = 5 - Number of anchors in anchor group BO Vy 1
V| - Required concrete breakout shear strength of anchor group with failure edge perpendicular to load

VL:K,(M):ZSkNx(%):QSkN

Na,vy

V. = 12 kN - Vz shear load

Nane = 10 - Total number of anchor rods

MNa,gl = 5 - Number of anchors in anchor group BO Vy 1

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

W:lfz<@):12k1\1x(l—%>:6kN

Nanc

Calculate total shear load per anchor group
VEa - Total required load on assumed concrete edge failure

Via = \/((V\ )+ (W) = \/<(25 KNY') + ((6KN)*) <25.71 kN

Only the anchors nearest to the failure edge are assumed to resist the shear load.

FRONT VIEW

il gl

SIDE VIEW

Determine if the support is a narrow concrete member

The support is not a narrow member.

Shear and Compression - EN - Base Plate Design Report
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Symbol Description Value

Cleft,g1 | Anchor group BO Vy 1 concrete edge distance (left) 75.0 mm
Cright,g1 | Anchor group BO Vy 1 concrete edge distance (right) 75.0 mm
Ctop,gl Anchor group BO Vy 1 concrete edge distance (top) 100.0 mm

Chottom,g1 | Anchor group BO Vy 1 concrete edge distance (bottom) [ 650.0 mm

teone Concrete thickness 380.0 mm

S, Spacing of anchor rods along Z-axis 150.0 mm

Cl,g1 Anchor group distance to failure edge (+Vy shear) 100.0 mm
Narrow Member FALSE

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

Calculate alpha and beta factors
Acl 318‘_{? g_‘lzatisg c1,g1 = 100 mm - Anchor group distance to failure edge (+Vy shear)
hef = 300 mm - Anchor rod embedment length

dane = 24 mm - Anchor rod diameter

EN 1992-4:2018 7615“252 Iy - Length of fastener
Iy = min (hef, 12danc) = min (300 mm, 12 x 24 mm) = 288 mm

EN 1992-4:2018 Eq. 7.42 « - Alpha factor

l 0.5 0.5
a=01 (—f> —0.1x% (288 mm) = 0.16971

Clg1 100 mm

EN 1992-4:2018 Eq. 7.43 3 - Beta factor

0.2 0.2
[3:0.1<@> —01x (“ﬂ> ~0.07517
Cl,g1 100 mm

Calculate initial value of the characteristic resistance of a fastener
EN 1992-4:2018 7CI§L§5§ kg = 1.7 - Breakout factor under shear loading

fer. = 20 MPa - Concrete compressive strength (C20/25)
Acl 318‘_{; 705%55 c1,g = 100 mm - Anchor group distance to failure edge (+Vy shear)

EN 1992-4-2018 Eq. 7.41 Vo

Rec Characteristic strength of a single fastener

d, L g For (g \"*
VO — gy Jane K N
Rk ? ( mm) ( mm MPa\ mm

0.16071 0.07517 15
V}Qk. C17x 24 mm « 288 mm « /20 MPa « 100 mm % 0.001 kKN
£ 1 mm 1 mm 1 MPa 1 mm

V9. =19.956 kN

Calculate reference projected area of a single anchor

EN 1992-4:2018 Eq. 7.44 AEV - Reference projected area of a single fastener
A%y = 45(c1n)” = 4.5 x (100 mm)” = 45000 mm*

Calculate width of actual projected area on failure surface
Ssum,zg1 = 600 mm - Anchor group BO Vy 1 sum of spacing along Z-axis
n.g1 = 5 - Number of anchors along Z-axis for anchor group BO Vy 1

EN 1992'4720187(:/23'352 B.,v - Actual width of failure surface for an anchor group

B.y = min (Cleft,g1, 1.5¢1,g1) + (Min (Ssum,zg1, 3¢1,61 (Nyg1 — 1)) + min (Cright,g1, 1.5¢1,61)

By = min (75 mm;, 1.5 x 100 mm) + (min (600 mm, 3 x 100 mm X (5 — 1))) + min (75 mm, 1.5 x 100 mm)

B,y = 750 mm

Calculate height of actual projected area on failure surface

EN 1992-4:2018 7CI23“25§ H.y - Actual height of projected area

H.y = min (1.5¢1g1, teone) = min (1.5 x 100 mm, 380 mm) = 150 mm

Calculate actual projected area on failure surface
EN 1992-4:2018 7CI§L§5§ A,y - Actual projected area
Aev = H.yB.y = 150 mm x 750 mm = 112500 mm®

Calculate par: ers for break resi e

EN 1992-4:2018 Eq 7.4 W, v - Factor that takes account the disturbance of stress distribution

. C2,61 . 75 mm
T,y =min (07403 —2 ) 10) = 0.7+03x (—22m ) 4) _og5
v ( * (1.5%1 ) ) mm( 08 <145 %100 mm) )

EN 1992-4-2018 Eq. 7.46 W,y - Parameter that takes account the member thickness

Shear and Compression - EN - Base Plate Design Report
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EN 1992-4-2018 Eq. 7.48

EN 1992-4-2018 Eq. 7.48

EN 1992-4-2018 Eq. 7.47

EN 1992-4-2018 Clause
7.2.2.5 Note 13

EN 1992-4:2018 Table 4.1

EN 1992-4:2018 Eq. 7.1

EN 1992-4:2018 Eq. 7.1

L5crgr \™® 05
U),y — max 1,81 1) = max 1.5 x 100 mm 1) =1
! teone 380 mm
Recall applied perpendicular and parallel loads:
Vi =25kN
V) =6kN

ay - Angle between design shear load V and a line perpendicular to the verified edge

. Vil 1 6kN
=t ' —/) =tan ——— ) =0.23554 rad
ay an ( \ ) ( RN 0.23554 rax

W, v - Parameter that takes account the influence of a shear load inclined to edge

J ((cos(av))2) + ((0.5(sin(av)))2)

W,y = max , 1

1
Y,y = max 1

((cos(0.23554 rad))"’) + ((05 % (sin (0.23554 rad)))z)'

Y,y = 1.0211

Calculate design concrete cone breakout resistance
W,y = 1 - Parameter accounting for the influence of eccentricity (no eccentricity)

W,y = 1 - Parameter that takes account the effect of reinforcement (no reinforcement considered)
Yume = 1.5 - Partial safety factor for concrete failure

VRk, - Design concrete cone breakout resistance

Acv

0
Ac.V

Vake = V.. ( ) Vv Uy ¥eey Yo, v Urev

112500 mm?

Vike = 19.956 kN x
fike ( 45000 mm?

) x 0.85 x 1 x1x1.0211 x 1 = 43.299 kN

VRa,c - Design shear breakout resistance

V.
_ VRke _ 43.299 kN — 98.866 kKN

Result:

DCR - Demand-to-Capacity Ratio

VEq 25.7L kN
DCR = = ————— = 0.89066
Vrae — 28.866 kN

PASS = 0.89

Go back to summary results
table.

Check No. 6: Concrete Breakout Capacity (Vz Shear)
V. = 12 kN - vz shear load

Ngas = 2 - Number of single anchors for Vz shear breakout

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

V. 12kN

Na,s

V= 6 kN

V, = 25 kN - Vy shear load
Nane = 10 - Total number of anchor rods
VH - Required concrete breakout shear strength of a single anchor with failure edge parallel to load

V,  25kN

Vi =
Nane 10

= 2.5kN

Calculate total shear load per anchor group
VEa - Total required load on assumed concrete edge failure

Vid = \/((VL)Q) +((W)?*) = \/((6 KN + (25 KN)?) = 6.5 kN

Only the anchors nearest to the failure edge are assumed to resist the shear load.
cz
—

PLAN VIEW

Shear and Compression - EN - Base Plate Design Report
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EN 1992-4:2018 Clause
7.2.2.5(14)

EN 1992-4:2018 Clause
7.2.2.5(14)

EN 1992-4:2018 Clause
7.2.2.5

EN 1992-4:2018 Eq. 7.42

EN 1992-4:2018 Eq. 7.43

EN 1992-4:2018 Clause
7.2.2.5

EN 1992-4:2018 Clause
7.2.2.5(14)

EN 1992-4-2018 Eq. 7.41

EN 1992-4:2018 Eq. 7.44

~

| s—

[2)

| ——

==

FRONT VIEW

SIDE VIEW

Determine if the support is a narrow concrete member

The support is not a narrow member.

Symbol Description Value
Cleft,s3 Single anchor concrete edge distance (left) 675.0 mm
Cright,s3 | Single anchor concrete edge distance (right) 75.0 mm
Ctop,s3 Single anchor concrete edge distance (top) 100.0 mm
Chottom,s3 | Single anchor concrete edge distance (bottom) 650.0 mm
teone Concrete thickness 380.0 mm
C1,53 Single anchor distance to failure edge (+Vz shear) 75.0 mm

Narrow Member FALSE

Calculate alpha and beta factors

C1s3 = 75 mm - Single anchor distance to failure edge (+Vz shear)

hes = 300 mm - Anchor rod embedment length
dgne = 24 mm - Anchor rod diameter

Iy - Length of fastener
Iy = min (hef, 12dane) = min (300 mm, 12 x 24 mm) = 288 mm

« - Alpha factor

1 0.5 0.5
a:0A1< / ) =0.1x (mﬂ> = 0.19596
Cl,s3 75 mm

3 - Beta factor

0.2 0.2
B=0.1 <d&> =0.1x (24 ‘“m> = 0.079621

Cl,s3 75 mm
Calculate initial value of the characteristic resistance of a fastener
kg = 1.7 - Breakout factor under shear loading
fer = 20 MPa - Concrete compressive strength (C20/25)

¢1,,3 = 75 mm - Single anchor distance to failure edge (+Vz shear)

VO

Rec Characteristic strength of a single fastener

d U N e\
VO =k 2= i ° : N
Ry Y ( mm) ( mm MPa( mm)
0.19596 0.079621 v 15
V}?k C17x 24 mm « 288 mm « /20 MPa % 75 mm % 0.001 kN
o€ 1 mm 1 mm 1 MPa 1 mm

0
Vike

= 14.449 kN

Calculate reference projected area of a single anchor

AQ,V - Reference projected area of a single fastener
A%, = 4.5(c1,3)” = 4.5 % (75 mm)® = 25313 mm®

Calculate width of actual projected area on failure surface

Shear and Compression - EN - Base Plate Design Report

Page 14 of 18
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anchor: Anchor ID 3.




EN 1992-4:2018 Clause
7.2.25

EN 1992-4:2018 Clause
7.2.2.5

EN 1992-4:2018 Clause
7.2.2.5

EN 1992-4:2018 Eq 7.4

EN 1992-4-2018 Eq. 7.46

EN 1992-4-2018 Eq. 7.48

EN 1992-4-2018 Eq. 7.48

EN 1992-4-2018 Eq. 7.47

EN 1992-4-2018 Clause
7.2.2.5 Note 13

EN 1992-4:2018 Table 4.1

EN 1992-4:2018 Eq. 7.1

EN 1992-4:2018 Eq. 7.1

BC,v - Actual length of concrete cone for a single anchor

B,y = min (Cops3, 1.5¢1,3) + min (Chottom,s3, 1.51,3)

By = min (100 mm, 1.5 X 75 mm) + min (650 mm, 1.5 x 75 mm) = 212.5 mm

Calculate height of actual projected area on failure surface

H_y - Actual height of projected area
H.y = min (1.5¢143, teonc) = min (1.5 X 75 mm, 380 mm) = 112.5 mm

Calculate actual projected area on failure surface

A,y - Actual projected area
Ay = HeyB.y = 112.5 mm x 212.5 mm = 23906 mm?*

Calculate par: ers for br resi e

W,y - Factor that takes account the disturbance of stress distribution

C:
Gy —min (07403 [ —22) . 1.0) = min (0.7 4 0.3 x [ —2052 ) 1) _ 96667
1.5¢163 1.5 X 75 mm

\Ilhy - Parameter that takes account the member thickness

1.5¢163\*° . 05
W),y = max o0 , 1| =max L1575 mm , 1) =1
teonc 380 mm

Recall applied perpendicular and parallel loads:
V. =6kN

V| =2.5kN

ay - Angle between design shear load V and a line perpendicular to the verified edge

Vv
ay = tan™! (V—‘> = tan! (2651(1;11\]) = 0.39479 rad

‘Ilu,V - Parameter that takes account the influence of a shear load inclined to edge

= max ‘ : ’
e J ((Cos(av))z) + ((0-5(51“(0“’)))2) 1

W,y = max ‘ . , 1
J ((cos(0.39479 rad))Q) it ((0.5 x (sin (0.39479 rad)) )

W,y = 1.0606

Calculate design concrete cone breakout resistance
Wy = 1 - Parameter accounting for the influence of eccentricity (no eccentricity)

W,. v = 1 - Parameter that takes account the effect of reinforcement (no reinforcement considered)

Yue = 1.5 - Partial safety factor for concrete failure

VRk, - Design concrete cone breakout resistance

o [ Av
Vare = Vg | =57 | Ysv ¥nv¥eev Yoy ¥rey
Ay

23906 mm?

Ve = 14.449 kN » (23200 mm
ke ( 25313 mm?

> % 0.96667 x 1 x 1 x 1.0606 x 1 = 13.99 kN

VRa, - Design shear breakout resistance

Vike  13.99 kN
Vige = e _ 199N g 369 kv
VMe 15

Result:

DCR - Demand-to-Capacity Ratio

Ved 6.5 kN
DCR = = ———— = 0.69691
Vrae — 9.3269 kN

PASS = 0.70

Go back to summary results
table.

Check No. 7: Concrete Pryout Capacity

Shear and Compression - EN - Base Plate Design Report
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PLAN VIEW

z
FRONT VIEW
= L =
8 3
. 4 Y
e < < hef
SIDE VIEW

Calculate total shear load on anchor group
V, = 25 kN - Vy shear load

V. = 12 kN - Vz shear load

Vies - Resultant shear load

Vres = \/((V;,)z) + () = \/@kN)z) + (12 kNY’) = 27.731 kN

Nane = 10 - Total number of anchor rods
Ng,g1 = 10 - Number of anchors in anchor group PO 1
VEa - Required concrete pryout strength of an anchor group

Vi = <V> oy = (m> x 10 = 27.731 kKN
Tane 10

Determine if the support is a narrow concrete member

EN 1992'47201782(:1154“(23 The support is classified as a narrow member. The modified values below will be used throughout the calculations.

Symbol Description Value
Cleft,g1 Anchor group PO 1 concrete edge distance (left) 75.0 mm
Cright,g1 | Anchor group PO 1 concrete edge distance (right) 75.0 mm
Ctop,gl Anchor group PO 1 concrete edge distance (top) 100.0 mm
Chottom,g1 | Anchor group PO 1 concrete edge distance (bottom) 100.0 mm
hgf Anchor rod embedment length 300.0 mm
Ser Anchor rod characteristic spacing 900.0 mm
Cer Anchor rod characteristic edge distance 450.0 mm
h’ef.g1 Anchor group PO 1 modified effective embedment length | 183.3 mm
si.,.)gl Anchor group PO 1 modified characteristic spacing 550.0 mm
céwl Anchor group PO 1 modified characteristic edge distance | 275.0 mm

Narrow Member TRUE

Calculate characteristic strength of a single anchor
fer = 20 MPa - Concrete compressive strength (C20/25)

EN 1992-4:2018 Clause h'

7.2.1.4(3) efgl = 183.33 mm - Anchor group PO 1 modified effective embedment length

EN 1992-4:2018 7612&"353 k1 = 8.9 - Breakout factor

EN 1992-4:2018 Eq. 7.2 NY

'ric - Characteristic strength of a single fastener

7 h,f ) 15
N g ck ef.g N
Bl "W MmPa\ mm

Shear and Compression - EN - Base Plate Design Report
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Calculation for critical
anchor group: Anchor Group
PO 1.




EN 1992-4:2018 Eq. 7.3

EN 1992-4:2018 Clause
7.2.1.4

EN 1992-4:2018 Clause
7.2.1.4

EN 1992-4:2018 Clause
7.2.1.4

EN 1992-4:2018 Eq 7.4

EN 1992-4:2018 Eq. 7.5

EN 1992-4:2018 Eq. 7.6
EN 1992-4:2018 Eq. 7.7

EN 1992-4:2018 Eq. 7.1

EN 1992-1-1:2004 Table
2.1IN

ETAG-001 Annex C Clause
5233

EN 1992-4:2018 Eq. 7.39a

20 MPa 183.33 mm \ *
NY., =89 x| — _— 0.001 kN = 98.802 kN
Rk * 1 MPa * ( 1 mm > *

Calculate reference projected area of a single anchor

AS_N - Reference projected area of a single fastener

AQN =3

.

1 = 550 mm x 550 mm = 302500 mm?

’ ’
erglSerg

Calculate length of actual projected cone area (along Z-direction)
Ssum,zg1 = 600 mm - Anchor group PO 1 sum of spacing along Z-axis

Nz,g1 = 5 - Number of anchors along Z-axis for anchor group PO 1

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

Lye = min (cutgt, g ) + (min (Sumagts St (agn — 1)) ) + min (cgnigt, g )

Lyc = min (75 mm, 275 mm) + (min (600 mm, 550 mm x (5 — 1))) + min (75 mm, 275 mm)

Lye = 750 mm

Calculate width of actual projected cone area (along Y-direction)
Ssum,y,g1 = 550 mm - Anchor group PO 1 sum of spacing along Y-axis

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

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

By, = min (Ctopgla C’C..,g,) + (min (Ssum,y,gly St gt (Dygl — 1))) + min (Cbottom,glv C’c,,g,)

Bpye = min (100 mm, 275 mm) + (min (550 mm, 550 mm x (2 — 1))) + min (100 mm, 275 mm)

Bne = 750 mm

Calculate actual projected area of the anchor group
Na,g1 = 10 - Number of anchors in anchor group PO 1

Ane - Actual projected area for an anchor group
Ay = LyeBye = 750 mm x 750 mm = 562500 mm?

Calculate shortest edge distance
Cmin,N - Shortest edge distance
Crmin,N = 1N (Cleft g1, Cright,gls Ctop,gls Chottom,gl) = Min (75 mm, 75 mm, 100 mm, 100 mm) = 75 mm

Calculate par: ers for br resi e

W, v - Parameter accounting for distribution of stresses in concrete

ol
Gyy —min (07403 [N 10) = min (074 0.3 x (222 1) — o.78182
c 275 mm

or,gl
W, N - Parameter accounting for shell spalling effect

Beg g1

183.33 mm
oy =min | 0.5+ 22 1.0 | =min [05+ —22 1| =1
e, N = Iin + 200 min + 200

Calculate design concrete cone breakout resistance
W,..n = 1 - Parameter accounting for the influence of eccentricity (no eccentricity)

Wy N = 1 - Parameter accounting for the influence of compression force

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

0
A(‘.N

Ane
Nepg = < - > U N e NV e NN Npy

< 562500 mm?
cbg =

W) % 0.78182 x 1 x 1 x 1 x 98.802 kN = 143.64 kN
mm

Calculate design characteristic resistance for concrete pryout failure
¢ = 1.5 - Partial safety factor for resistance of concrete
ks = 2 - Concrete pryout factor

VRa,ep - Design characteristic resistance of anchor group for concrete pryout failure

ks Nebg 2 x 143.64 kN
VHd,cp = T = T

= 191.52 kN

Result:

DCR - Demand-to-Capacity Ratio

Vepa  27.731 kN

DCR = =
Ve 19152 kN

= 0.1448

Shear and Compression - EN - Base Plate Design Report
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EN 1992-4:2018 Clause
6.2.2.3(1)

EN 1992-4:2018 Clause
7.2.2.3.1(1)

EN 1992-4:2018 Eq. 7.34

EN 1992-4:2018 Clause
7.2.2.3.1(2)

EN 1992-4:2018 Eq. 7.35
and Eq. 7.36

EN 1992-4:2018 Table 4.1

EN 1992-4:2018 Eq. 7.35 or
Eq.7.36

Check No. 8: Anchor Rod Shear Capacity
Calculate shear load per anchor
V, = 25 kN - Vy shear load

V. = 12 kN - vz shear load
Nane = 10 - Total number of anchor rods

VEa - Design shear force on anchor rod

((25 kN)Q) + (2 1y

Vea = — 27731 kN
i 10 3

Determine whether the shear load is applied with a lever arm

The shear load may be applied without a lever arm because all of the following conditions are met.

Description Value
Fixture is in contact with fastener Yes
Base plate is in direct contact with concrete Yes
Shear load is applied with lever arm FALSE
Calculate anchor stress area
dane = 24 mm - Anchor rod diameter
Ay - Tensile stress area of anchor
T T
As = 7 (dane Y= 7X@ mm)?® = 452.39 mm’

Calculate characteristic resistance of a single fastener in steel failure
Fy_anc = 800 MPa - Anchor rod ultimate tensile strength (8.8)

ke = 0.5 - Anchor steel factor for shear failure

V}gk , - Characteristic resistance of a single fastener in steel failure

V(]

s = koA Foane = 0.5 x 452.39 mm? x 800 MPa = 180.96 kN

Calculate characteristic resistance accounting ductility

k7 = 1 - Factor for characteristic resistance of single/group fastener accouting ductility
VRr,s - Characteristic resistance of a single fastener accounting for ductility
Vrk,s = k7V}gk,s =1 % 180.96 kN = 180.96 kN
Calculate partial factor for steel shear failure
Fy_ane = 800 MPa - Anchor rod ultimate tensile strength (8.8)

Fy ane = 640 MPa - Anchor rod yield strength (8.8)

YMs,shear - Partial factor for steel shear failure

Fu_anc 800 MPa
fs,shear = max [ 10| —— ), 1.25 ) =max |1 x ([ ———— |, 1.25 | =1.25
YMs,shear ( ( Fyume)’ 640 MPa |’
Calculate design resistance for steel shear failure for shear load without lever arm
VRd,s - Design shear resistance of the anchor rod for shear load without lever arm
Vi,s 180.96 kN

Vi = ——— = ——— =144.76 kN
i YMs,shear 1.25

Result:

DCR - Demand-to-Capacity Ratio

poR~ Vel _ 27BN oo
VRd,s 144.76 kN

PASS = 0.02

Go back to summary results
table.
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