
 FixedBasePlate Column Base Plate Fixed Design Job : Un�tled

Licensed to: Admin User Powered By:  www.ecplusdesign.com

1.0   INPUT

1.1   Design Op�ons

Design Code = American Standard LRFD
Unit = SI Unit

1.2   Column and Base Plate

Type = Standard
Sec�on = UC 254x254x89
Overall Depth D = 260.2 mm
Flange Width B = 256.3 mm
Flange Thickness T = 17.3 mm
Web Thickness t = 10.3 mm
Column Area Area = 11191.7 mm²
Major Axis = Z - Axis
Length of Base Plate L = 500 mm
Breadth of Base Plate B = 500 mm
Thickness of Base Plate t = 20 mm

1.3   Bolts and Anchorage

1.3.1   Holding Down Bolts

Bolt Grade F = 4.6
Bolt Yield Strength Y = 240 N/mm²
Bolt Ul�mate Strength U = 400 N/mm²
Bolt Size d = M20
Number of Bolts N = 4 Nos
Horizontal Edge Distance e = 50 mm
Ver�cal Edge Distance e = 50 mm

1.3.2   Bolt Anchorage

Anchorage = Defined
Reinforcement Duc�lity Effect = Considered
Embedment Depth E = 400 mm
Width of Anchor Plate / Nut b = 90 mm
Thickness of Anchor Plate / Nut t = 12 mm

1.4   Pedestal

Length L = 800 mm
Breadth B = 800 mm
Height H = 1200 mm
Clear Cover for Pedestal C = 50 mm

1.4.1   Anchorage Reinforcement
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  1.4.1.1   Tension

Main Bars per Bolt = 1 No. of Φ16 

  1.4.1.2   Shear

Ties per Bolt = 2 No. of Φ10 

1.5   Steel Proper�es

Column Yield Strength f = 250 N/mm²
Base Plate Yield Strength f = 250 N/mm²

1.6   Reinforced Concrete Proper�es

Grout Pads = Provided
Compressive Strength of Concrete f' = 30 N/mm²
Yield Strength of Reinforcement f = 420 N/mm²

1.7   Loads

Load Case
Horizontal 

F  (kN)
Ver�cal 
F  (kN)

Horizontal 
F  (kN)

Moment
M  (kN-m) M  (kN-m) M  (kN-m)

LC 1 20.000 150.000 0.000 0.000 0.000 0.000
LC 2 0.000 300.000 0.000 10.000 1.000 5.000
LC 3 25.000 0.000 10.000 10.000 2.000 5.000
LC 4 10.000 75.000 0.000 15.000 2.000 10.000
LC 5 0.000 -100.000 0.000 0.000 0.000 0.000
LC 6 0.000 -25.000 0.000 10.000 1.000 5.000

2.0   OUTPUT

2.1   Plate Geometry

Bolt Spacing Sb = Lpl− 2 * ex 400 mm

Bolt Gauge Sg = Bpl− 2 * ez 400 mm

2.2   Base Plate Ref: AISC Steel Design Guide 1

Combina�on

Base Plate
Axial Compression Capacity

(kN)
Plate Bearing (kN/m) Thickness (mm)

Actual Allowable Actual Allowable Compression Tension
LC1 150.0 6630.0 300.0 13260.0 10.8 0.0
LC2 300.0 6630.0 750.0 13260.0 17.0 0.0
LC3 0.0 6630.0 13260.0 13260.0 12.4 9.6
LC4 75.0 6630.0 13260.0 13260.0 19.8 6.3
LC5 -100.0 6630.0 0.0 13260.0 0.0 11.8
LC6 -25.0 6630.0 13260.0 13260.0 10.3 11.4
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2.2.1   Axial Compression Capacity

Governing Combina�on - LC 2

Base Plate Area A1 = Bpl * Lpl 250000 mm²

Maximum Area of Suppor�ng Surface

A2 = Bpl+ 2 *min
Bp− Bpl

2
, Lp− Lpl

2
* Lpl+ 2 *min

Bp− Bpl
2

, Lp− Lpl
2

640000 mm²

Nominal Strength of Concrete Under Plate Pp = 0.85 * f ′c * A1 *
A2
A1

10200 kN

Str. Reduc�on Factor - Plate Compression Φc 0.65

Minimum Area of Base Plate Required A1req =
Fy

Φc * 2 * 0.85 * f ′c
9049.7 mm²

Factored Bearing Strength Ppf = Pp *Φc 6630 kN

Pass - Base Plate Dimension Sufficient

2.2.2   Plate Bearing Check

Governing Combina�on - LC 3

Major Axis Moment Ma = Mz 5 kN-m

Minor Axis Moment Mi = Mx 10 kN-m

Resultant Moment M = abs Ma+Mi *
Lpl
Bpl

15 kN-m

Maximum Concrete Bearing Stress f pmax = Φc * 0.85 * f ′c *min
A2
A1
, 2 26.52 N/mm²

Maximum Bearing Pressure per unit Width qmax = f pmax * Bpl 13260 kN/m

Cri�cal Eccentricity ecr =
Lpl
2
−

Fy
2 * qmax

250 mm

Actual Eccentricity e = Lpl 500 mm

since, e >= ecr Large Moment

Bearing Length - Quadra�c Solu�on 1 Y1 897.2 mm

Bearing Length - Quadra�c Solu�on 2 Y2 2.8 mm

Length of Bearing Y = min(Y1, Y2) 2.8 mm

Bearing Pressure per unit Width q 13260 kN/m

Pass - Base Plate Dimensions Sufficient

2.2.3   Plate Thickness Calcula�on

Governing Combina�on - LC 4

2.2.3.1   Base Plate Yielding Limit at Bearing Interface

Strength Reduc�on Factor - Plate Flexure Φf 0.9
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Bending Line Can�lever Distance m = Lpl− 0.95 * D
2

126.4 mm

Can�lever Distance xl =
Sb− D

2 + T
2 78.6 mm

Length of Bearing Y 6.8 mm

Major Axis Moment Ma = Mz 10 kN-m

Minor Axis Moment Mi = Mx 15 kN-m

Resultant Moment M = Ma+Mi *
Lpl
Bpl

25 kN-m

Bolt Tension Force

Tension Force at One Side of Bolt Assembly Tu = M−
Fy *

Sb
2

Sb

14.4 kN

Tension Force at Other Side of Bolt Assembly Tu2 1.4 kN

Max Tension in Single Bolt
Trod =

Tu
Nb
2

7.2 kN

Moment due to Bearing at Flange Center Mf c = qmax * Y * m− Y
2 − (Tu2 * xl) 11.1 kN-m

Moment due to Bearing at Bolt Center Mbc = qmax * Y * ex− Y
2 4.2 kN-m

Required Plate Thickness - Compression tpreqb =
4 *Mf c

Φf * f yb * Bpl
19.8 mm

2.2.3.2   Base Plate Yielding Limit At Tension Interface

Required Thickness of Base Plate - Tension tpreqt =
4 * Tu * xl

Φf * Bpl * f yb
6.3 mm

Hence, Required Thickness of Base Plate tpreq = max(tpreqt, tpreqb) 19.8 mm

Since, t  ≥ t , Pass.

2.3   Anchorage Check Ref: ACI 318 - 19

Horizontal Bolt Spacing Sx = Sb 400 mm

Ver�cal Bolt Spacing
Sy =

Sg
Nb
2 − 1

400 mm

Horizontal Bolt Edge Distance Ca1 =
Lx− Sx

2
200 mm

Ver�cal Bolt Edge Distance Ca2 =
Ly− Sy

2
200 mm

Minimum Edge Distance Camin = min(Ca1, Ca2) 200 mm

Maximum Edge Distance Camax = max(Ca1, Ca2) 200 mm
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Effec�ve Embedment Depth

hef = min Eb, max
Camax
1.5

, max(Sx, Sy)
3

133.3 mm Cl. 17.6.2.1.2

Ul�mate Strength f uta = min(860, 1.9 * Yb, Ub) 400 N/mm² Cl. 17.6.1.2

Combina�on
Applied Tension

(kN)
Tension Capacity

(kN)
Applied Shear (kN) Shear Capacity (kN) Interac�on

LC1 0.0 67.3 10.0 28.0 0.0
LC2 0.0 67.3 0.0 28.0 0.0
LC3 16.5 67.3 13.5 28.0 0.7
LC4 7.2 67.3 5.0 28.0 0.3
LC5 25.0 67.3 0.0 28.0 0.0
LC6 23.4 67.3 0.0 28.0 0.0

2.3.1   Anchorage in Tension

Governing Combina�on - LC 5

Ten. Force at One Side of Bolt Assembly Tu 50 kN

Ten. Force at Other Side of Bolt AssemblyTu2 50 kN

Total Tension in Bolts T = Tu+ Tu2 100 kN

Tension per Bolt Trod 25 kN

2.3.1.1   Steel Strength Cl. 17.6.1

Effec�ve Threaded Area of Anchor Ase = π
4 * d− 0.9743 * 25.4

8
2

224.5 mm²

Nominal Steel Strength of Anchor Nsa = Ase * f uta 89.8 kN

Str. Reduc�on Factor - Steel Tension Φst 0.75

Design Steel Strength of Anchor ΦNsa = Φst *Nsa 67.4 kN

Steel Strength Ra�o in Tension Rst =
Trod

ΦNsa
0.37

2.3.1.2   Concrete Breakout Strength Cl. 17.6.2

Conc. Failure Area of Single Anchor Anco = 9 * hef
2 160000 mm²

Conc. Failure Area of Anchor Group

Anc = (2 *min(Ca1, 1.5 * hef ) + Sb) * (2 *min(Ca2, 1.5 * hef ) + Sg) 640000 mm²

Basic Concrete Breakout Strength Nb = 24 * hef
1.5 *√f ′c 84.7 kN

Tension Eccentricity

e′n = abs LpL
2
−

Tu2 * (Sb+ ex) + Tu * ex
Tu+ Tu2

161.2 mm
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Breakout Eccentricity Factor
Ψecn = min 1, 1

1+
e′N

1.5 * hef

1

Breakout Edge Effect Factor Ψedn 1

Breakout Cracking Factor Ψcn 1.25

Breakout Spli�ng Factor Ψcpn 1

Nominal Concrete Breakout Strength

Ncbg =
Anc
Anco

*Ψedn *Ψecn *Ψcn *Nb *Ψcpn 423.5 kN

Str. Reduc�on Factor - Concrete Tension Φct 0.75

Design Concrete Breakout Strength ΦNcbg = Φct *Ncbg 317.6 kN

Breakout Strength Ra�o in Tension Rbt =
abs(Fy)
ΦNcbg

0.31

2.3.1.3   Pullout Strength Cl. 17.6.3

Pullout Cracking Factor Ψcp 1.4

Bearing Area Abearing = ba
2 8100 mm²

Pullout Strength of Single Anchor Np = 8 * Abearing * f ′c 1944 kN

Nominal Pullout Strength Npn = Ψcp *Np 2721.6 kN

Str. Reduc�on Factor - Tension Pullout Φtp 0.7

Design Pullout Strength ΦNp = Φtp *Npn 1905.1 kN

Pullout Strength Ra�o Rsp =
Trod
ΦNp

0.01

2.3.1.4   Concrete Side-Face Blowout Strength Cl. 17.6.4

Side Face Blow out Strength not to be calculated when Effec�ve Embedment Depth (h ) ≤ 2.5 * C

2.3.1.5   Anchor Reinforcement in Tension

Tension Reinforcement Factor Φtr 0.75

Bar Strength Nrg = π
4 *Nbr * (Dbr)

2 * f y *Nb 337.8 kN

Tension Bar Strength Ra�o Rtr =
abs(Fy)

Φtr *Nrg
0.39

Anchorage Ra�o - Tension Rt 0.37

2.3.2   Anchorage in Shear

Governing Combina�on - LC 3

Resultant Shear V 26.9 kN
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Resultant Shear per Bolt Vs 13.5 kN

2.3.2.1   Steel Strength Cl. 17.7.1

Nominal Steel Strength of Anchor Vsa = 0.6 * 0.8 * Ase * f uta 43.1 kN Cl. 17.7.1.2.1

Strength Reduc�on Factor - Steel Shear Φss 0.65

Design Steel Strength of Anchor ΦVsa = Φcs * Vsa 28 kN

Steel Strength Ra�o Rss =
Vs

ΦVsa
0.48

2.3.2.2   Concrete Breakout Strength Cl. 17.7.2

Conc. Failure Area of Single Anchor - X Dir Avcox = 4.5 *Ca1
2 180000 mm²

Conc. Failure Area of Anchor Group - X Dir

Avcx =
Nb
2 *min(1.5 *Ca1, Hp) * (min(1.5 *Ca1, Ca2) + 1.5 *Ca1) 240000 mm²

Basic Concrete Breakout Strength - X Dir.

Vbx = min 7 * 2 * d
d

0.2
* (d)0.5, 9 * (f ′c)

0.5 * (Ca1)
1.5 46.3 kN

Breakout Eccentricity Factor - X Dir. Ψecvx 1

Breakout Edge Effect Factor - X Dir. Ψedvx = 0.7+ 0.3 *
Ca2

(1.5 * Ca1)
0.9

Conc. Failure Area of Single Anchor - Z Dir Avcoz = 4.5 *Ca2
2 180000 mm²

Conc. Failure Area of Anchor Group - Z Dir

Avcz = 2 *min(1.5 *Ca2, Hp) * (min(1.5 *Ca2, Ca1) + 1.5 *Ca2) 240000 mm²

Basic Concrete Breakout Strength - Z Dir. 46.3 kN

Vbz = min 7 * 2 * d
d

0.2
* (d)0.5, 9 * (f ′c)

0.5 * (Ca2)
1.5 46.3 kN

Breakout Eccentricity Factor - Z Dir. Ψecvz 1

Breakout Edge Effect Factor - Z Dir. Ψedvz = 0.7+ 0.3 *
Ca1

(1.5 * Ca2)
0.9

Breakout Cracking Factor Ψcv 1.4

Nominal Concrete Breakout Strength - X Dir.

Vcbgx =
Avcx
Avcox

*Ψedvx *Ψecvx *Ψcv * Vbx 77.7 kN

Strength Reduc�on Factor - Concrete Shear Φcs 0.75

Design Concrete Breakout Strength - X Dir. ΦVcbgx = Φcs * Vcbgx 58.3 kN

Breakout Strength Ra�o - X Rbsx =
Fx

ΦVcbgx
0.43

Nominal Concrete Breakout Strength - Z Dir.
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Vcbgz =
Avcz
Avcoz

*Ψedvz *Ψecvz *Ψcv * Vbz 77.7 kN

Design Concrete Breakout Strength - Z Dir. ΦVcbgz = Φcs * Vcbgz 58.3 kN

Breakout Strength Ra�o - Z Rbsz =
Fz

ΦVcbgz
0.17

Resultant Breakout Strength ΦVcbg = ΦVcbgx
2+ΦVcbgz

2 82.4

Resultant Breakout Strength Ra�o Rbsv =
V

ΦVcbg
0.33

2.3.2.3   Concrete Pryout Strength Cl. 17.7.3

Str. Reduc�on Factor - Concrete Tension Φct 0.75

Conc. Failure Area of Single Anchor Anco = 9 * hef
2 160000 mm²

Conc. Failure Area of Anchor Group

Anc = (min(Ca1, 1.5 * hef ) + 1.5 * hef ) * (min(Ca2, 1.5 * hef ) + 1.5 * hef ) *Nb 640000 mm²

Basic Concrete Breakout Strength Nb = 24 * hef
1.5 *√f ′c 84.7 kN

Ten. Force at One Side of Bolt Assembly Tu 33 kN

Ten. Force at Other Side of Bolt Assembly Tu2 3.6 kN

Tension Eccentricity

e′n = abs LpL
2
−

Tu2 * (Sb+ ex) + Tu * ex
Tu+ Tu2

161.2 mm

Breakout Eccentricity Factor
Ψecn = min 1, 1

1+
e′N

1.5 * hef

0.55

Breakout Edge Effect Factor Ψedn 1

Breakout Cracking Factor Ψcn 1.25

Breakout Spli�ng Factor Ψcpn 1

Nominal Concrete Breakout Strength

Ncbg =
Anc
Anco

*Ψedn *Ψecn *Ψcn *Nb *Ψcpn 234.5 kN

Strength Reduc�on Factor - Shear Pryout Φsp 0.7

Design Pryout Strength ΦVcpg = Φsp * 2 *Ncbg 328.2 kN

Pryout Strength Ra�o Rps =
V

ΦVcpg
0.04

2.3.2.4   Anchor Reinforcement in Shear

Shear Reinforcement Factor Φsr 0.75

Diameter of Ties Ds 10
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Bar Strength - X Dir. Vrgx = 2 * π
4 * (Ds)

2 * f y *
Nb
2

132 kN

Bar Strength - Z Dir. Vrgz = 2 * π
4 * (Ds)

2 * f y *
Nb
2

132 kN

Bar Strength Vrg = Vrgx
2+ Vrgz

2 186.6

Bar Strength Ra�o Rsr =
V

Φsr * Vrg
0.14

Anchorage Ra�o - Shear Rs 0.48

2.3.3   Interac�on of Tension and Shear Cl. 17.8

Governing Combina�on - LC 3

2.3.3.1   Cri�cal Tension Check - Steel Strength

Applied Tension Tf 16.5 kN

Anchorage Tension Capacity Tc 67.4 kN

Anchorage Ra�o - Tension Rt 0.25

2.3.3.2   Cri�cal Shear Check - Steel Strength

Applied Shear Sf 13.5 kN

Anchorage Shear Capacity Sc 28 kN

Anchorage Ra�o - Shear Rs 0.48

Anchorage Interac�on Its = Rt+ Rs 0.73

Since, Anchorage Interac�on (I ) ≤ 1.2, Pass.

3.0   SUMMARY

3.1   Base Plate

Descrip�on Required Actual
Cri�cal

Combina�on
Status

Compression Capacity (kN) 300 6630 LC 2 Pass
Bearing Pressure per unit Width (kN/m) 13260 13260 LC 3 Pass
Plate Thickness (mm) 19.8 20 LC 4 Pass

3.2   Anchorage Check

3.2.1   Anchorage in Tension (kN) - LC 5

Descrip�on Force Applied Capacity
U�liza�on

Ra�o
Status

Steel Strength 25 67.4 0.37 Pass
Concrete Breakout Strength 100 317.6 0.31 Pass

√

ts



Anchorage Reinforcement Strength 100 337.8 0.39 Pass
Pullout Strength 25 1905.1 0.01 Pass

3.3   Anchorage in Shear (kN) - LC 3

Descrip�on Force Applied Capacity
U�liza�on

Ra�o
Status

Steel Strength 13.5 28 0.48 Pass
Concrete Breakout Strength 26.9 82.4 0.33 Pass
Anchorage Reinforcement Strength 26.9 186.6 0.14 Pass
Concrete Pryout Strength 13.5 328.2 0.04 Pass

3.4   Interac�on in Tension and Shear - LC 3

Descrip�on Actual Allowable Status
Tension - Steel Strength (kN) 16.5 ≤ 67.4 Pass
Shear - Steel Strength (kN) 13.5 ≤ 28 Pass
Anchorage Interac�on 0.7 ≤ 1.2 Pass


