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1.0 INPUT

1.1 Design Options

Design Code
Unit

1.2 Column and Base Plate

Type
Section
Overall Depth D
Flange Width B
Flange Thickness T
Web Thickness t
Column Area Area
Major Axis
Length of Base Plate Lol
Breadth of Base Plate Byl
Thickness of Base Plate tol
1.3 Bolts and Anchorage
1.3.1 Holding Down Bolts
Bolt Grade Fp
Bolt Yield Strength Yp
Bolt Ultimate Strength Uy
Bolt Size d
Number of Bolts Np
Horizontal Edge Distance ey
Vertical Edge Distance €,
1.3.2 Bolt Anchorage
Anchorage
Reinforcement Ductility Effect
Embedment Depth Ep
Width of Anchor Plate / Nut b,
Thickness of Anchor Plate / Nut t,
1.4 Pedestal
Length Ly
Breadth By
Height Hp
Clear Cover for Pedestal Coed

1.4.1 Anchorage Reinforcement

= American Standard LRFD

Sl Unit

Standard

UC 254x254x89
260.2 mm
256.3 mm

17.3 mm

10.3 mm
11191.7 mm?

Z - Axis

500 mm

500 mm

20 mm

4.6

240 N/mm?
400 N/mm?
M20

4 Nos

50 mm

50 mm

Defined
Considered
400 mm

90 mm

12 mm

800 mm
800 mm
1200 mm

50 mm

O O

Column : UC 254x254x89
Base Plate : 500x500x20
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1.4.1.1 Tension

Main Bars per Bolt = 1 No. of ®16
1.4.1.2 Shear
Ties per Bolt = 2 No. of ®10
1.5 Steel Properties
Column Yield Strength fyc = 250 N/mm?
Base Plate Yield Strength fub = 250 N/mm?
1.6 Reinforced Concrete Properties
Grout Pads = Provided
Compressive Strength of Concrete f'e = 30 N/mm?
Yield Strength of Reinforcement fy = 420 N/mm?
1.7 Loads
Horizontal Vertical Horizontal Moment
Load Case
Fx (kN) Fy (kN) F, (kN) M, (kN-m) | M, (kN-m) | M, (kN-m)
LC1 20.000 150.000 0.000 0.000 0.000 0.000
LC2 0.000 300.000 0.000 10.000 1.000 5.000
LC3 25.000 0.000 10.000 10.000 2.000 5.000
LC4 10.000 75.000 0.000 15.000 2.000 10.000
LC5 0.000 -100.000 0.000 0.000 0.000 0.000
LC6 0.000 -25.000 0.000 10.000 1.000 5.000
2.0 OUTPUT
2.1 Plate Geometry
Bolt Spacing S, Lpl —2%e, 400 mm
Bolt Gauge Sg Bpl —2%* e 400 mm
2.2 Base Plate Ref: AISC Steel Design Guide 1
Base Plate
Axial Compression Capacit
Combination P (kN) pacity 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




2.2.1 Axial Compression Capacity
Governing Combination - LC 2
Base Plate Area A, =B *L 250000 mm?

Maximum Area of Supporting Surface

ay= (B2 min( B B, ot ) )« (1, + 2% min (B B, ot} ) 640000 mn

2 pl 2 2 pl 2 2

e w | A
Nominal Strength of Concrete Under Plate Pp =085"f" *4,* i 10200 kN
1

Str. Reduction Factor - Plate Compression @E 0.65
Minimum Area of Base Plate Required Ireg = CDC 5% 85 - 9049.7 mm
Factored Bearing Strength pr = Pp ” <Z5C 6630 kN

Pass - Base Plate Dimension Sufficient
2.2.2 Plate Bearing Check

Governing Combination - LC 3

Major Axis Moment Ma = MZ 5 kN-m
Minor Axis Moment Ml. = Mx 10 kN-m
L
Resultant Moment M = abs Ma + 1\4l * _pl 15 kN-m
Bp,
A
Maximum Concrete Bearing Stress f =@ *085*f *min ) 26.52 N/mm?
pmax c c A1
Maximum Bearing Pressure per unit Width ¢ =fpmax * Bpl 13260 kN/m
L F
Critical Eccentricity e, = _pl — Z—Ly— 250 mm
2 qmax
Actual Eccentricity e= Lpl 500 mm

since, e >= ecr Large Moment

Bearing Length - Quadratic Solution 1 Y1 897.2 mm
Bearing Length - Quadratic Solution 2 Y2 2.8 mm
Length of Bearing Y= min(Yl, Yz) 2.8 mm
Bearing Pressure per unit Width q 13260 kN/m

Pass - Base Plate Dimensions Sufficient
2.2.3 Plate Thickness Calculation
Governing Combination - LC 4

2.2.3.1 Base Plate Yielding Limit at Bearing Interface

Strength Reduction Factor - Plate Flexure fo 0.9



Bending Line Cantilever Distance m= 5
. . S, —D
Cantilever Distance ="b I
X, 5 + )
Length of Bearing Y
Major Axis Moment Ma = MZ
Minor Axis Moment M. =

Resultant Moment

pl
Bolt Tension Force
3
Tension Force at One Side of Bolt Assembly M y 2
=M= S
u b

Max Tension in Single Bolt rod

Moment due to Bearing at Flange Center A/[fc = G * (Y* (m _ %) ) _ (Tu2 *xl)

Moment due to Bearing at Bolt Center

4F M,

Required Plate Thickness - Compression tpreqb = \/ CDf *fyb o Bp/

2.2.3.2 Base Plate Yielding Limit At Tension Interface

Required Thickness of Base Plate - Tension ¢

Hence, Required Thickness of Base Plate t

e = max(tp t )

reqt’ “preqb

2.3 Anchorage Check

Horizontal Bolt Spacing

x b
S = S
. . =9
Vertical Bolt Spacing y N
_b—1
2
. . L —S
Horizontal Bolt Edge Distance Cal = X 5 X
. . L —S
Vertical Bolt Edge Distance Ca2 =y 5 y
Minimum Edge Distance Camm = mm(Cal, CaZ)

Maximum Edge Distance Camax = max(Ca], CaZ)

126.4 mm

78.6 mm

6.8 mm
10 kN-m

15 kN-m

25 kN-m

14.4 kN

1.4 kN

7.2 kN

11.1 kN-m

4.2 kN-m

19.8 mm

6.3 mm

19.8 mm
Since, t) 2 tyreq, Pass.

Ref: ACI 318 - 19

400 mm

400 mm

200 mm

200 mm

200 mm

200 mm



Effective Embedment Depth

b = min (E ma ( Comax MaX(S, 5) ) ) 133.3 mm Cl.17.6.2.1.2
of v 15"’ 3
Ultimate Strength Soa = min(860, 1.9 * Y, Ub) 400 N/mm? Cl.17.6.1.2
Combination Applied Tension | Tension Capacity Applied Shear (kN)[Shear Capacity (kN) Interaction
(kN) (kN)
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 67.3 135 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 Combination - LC 5

Ten. Force at One Side of Bolt Assembly Tu 50 kN
Ten. Force at Other Side of Bolt Assembly Tu2 50 kN
Total Tension in Bolts r=7T+T, 100 kN
Tension per Bolt de 25 kN
2.3.1.1 Steel Strength Cl. 17.6.1
Effective Threaded Area of Anchor A, = ﬁ[ * (d — D_.9_M38;25_._4L ) ? 224.5 mm?
Nominal Steel Strength of Anchor N, =A4,"f e 89.8 kN
Str. Reduction Factor - Steel Tension D, 0.75
Design Steel Strength of Anchor ON, =D *N_ 67.4 kN
Steel Strength Ratio in Tension Rst = (;-;\‘;d 0.37
sa
2.3.1.2 Concrete Breakout Strength Cl. 17.6.2
Conc. Failure Area of Single Anchor A”w =9* hef2 160000 mm?

Conc. Failure Area of Anchor Group

A, = Q*min(C,, 1.5 h,) + ) * Q2 *min(C,p, 1.5%h,) +5) 640000 mm?

H — * 1.5 *
Basic Concrete Breakout Strength N, = 24 hef \/f: 84.7 kN
Tension Eccentricity

, L T," (Sb + eX) +T,%e,

=abs| L — 161.2 mm
en o 2 Tu+Tu2




Breakout Eccentricity Factor

Breakout Edge Effect Factor

Breakout Cracking Factor

Breakout Splitting Factor

Nominal Concrete Breakout Strength

N — nC*E[/ *y/ *SU *N

cbg A edn ecn cn

b

*

v,,=min [ 1,

1+ —
15%h,,
Tedn
14
cn
cpn
cpn

Str. Reduction Factor - Concrete Tension (Dw

Design Concrete Breakout Strength

Breakout Strength Ratio in Tension

2.3.1.3 Pullout Strength

Pullout Cracking Factor

Bearing Area

Pullout Strength of Single Anchor
Nominal Pullout Strength

Str. Reduction Factor - Tension Pullout

Design Pullout Strength

Pullout Strength Ratio

QSNcbg = QDct * Ncbg

abs(F)

R =
bt o Ncbg

cp

_ 2
bearing ~ “a

— * * !
N, =8 Abearing fc

p
N =¥ *N
pn cp Tp
(DfP
ON =&, *N
p p pn
— _rod
sp ENP

2.3.1.4 Concrete Side-Face Blowout Strength

1.25

423.5 kN

0.75

317.6 kN

0.31

14

8100 mm?

1944 kN

2721.6 kN

0.7

1905.1 kN

0.01

Cl. 17.6.3

Cl.17.6.4

Side Face Blow out Strength not to be calculated when Effective Embedment Depth (hg) < 2.5 * Cyin

2.3.1.5 Anchor Reinforcement in Tension

Tension Reinforcement Factor

Bar Strength

Tension Bar Strength Ratio

Anchorage Ratio - Tension

2.3.2 Anchorage in Shear

Governing Combination - LC 3

Resultant Shear

P

tr

% * 2% %
Nrg :ﬁ[ Nbr (Dbr) f y Nb

abs(F)
R =—"1 L
r a)tr Nrg

0.75
337.8 kN
0.39
0.37
26.9 kN



Resultant Shear per Bolt

2.3.2.1 Steel Strength

Nominal Steel Strength of Anchor
Strength Reduction Factor - Steel Shear

Design Steel Strength of Anchor

Steel Strength Ratio

2.3.2.2 Concrete Breakout Strength

Conc. Failure Area of Single Anchor - X Dir

Conc. Failure Area of Anchor Group - X Dir

A = %* min(1.5*C

vex al’

Basic Concrete Breakout Strength - X Dir.

P ( s (2 . g)0.2 ()", 9) % (f,c)o_s " (Cal)l.s

Breakout Eccentricity Factor - X Dir.
Breakout Edge Effect Factor - X Dir.

Conc. Failure Area of Single Anchor - Z Dir

Conc. Failure Area of Anchor Group - Z Dir

Vi

Basic Concrete Breakout Strength - Z Dir.
0.2
Vbzzml'n(7~k (24\‘%) 7‘:(d)0-5’9)~k

Breakout Eccentricity Factor - Z Dir.
Breakout Edge Effect Factor - Z Dir.

Breakout Cracking Factor

Nominal Concrete Breakout Strength - X Dir.

A vex ¥ * * *
= V

chgx A edvx ecvx cv bx
veox

Strength Reduction Factor - Concrete Shear

Design Concrete Breakout Strength - X Dir.

Breakout Strength Ratio - X

Nominal Concrete Breakout Strength - Z Dir.

ecvx

ecvz

b4

edvz

v

cv

(flc)o.s * ( Caz)l.s

4,=2% min(1.5* C, Hp) *(min(1.5* C,»» Cal) +15* Ca2)

=07+03% (

Vsa =06%0.8* Ase *futa
D
s
DV =D *V
sa cs sa
%4
— s
ss (Dvsa
=45%C *
veox al

Hp) *(min(1.5*C,,C,)+1.5*C )

as?cy)
al
15%c,)

13.5 kN

43.1 kN

0.65

28 kN

0.48

180000 mm?

240000 mm?

46.3 kN

0.9

180000 mm?

240000 mm?
46.3 kN

46.3 kN

0.9

14

77.7 kN

0.75

58.3 kN

0.43

Cl.17.7.1

Cl.17.7.1.2.1

Cl. 17.7.2



A

V — vez * * *
cbgz A edvz ecvz cv bz
vcoz
Design Concrete Breakout Strength - Z Dir. ()% = *y
cbgz cs chgz
) F,
Breakout Strength Ratio - Z Rhsz = v -
cbhgz

Resultant Breakout Strength

Resultant Breakout Strength Ratio R, = a\/jg
2.3.2.3 Concrete Pryout Strength

Str. Reduction Factor - Concrete Tension o

Conc. Failure Area of Single Anchor Anw =9* hef2

Conc. Failure Area of Anchor Group

4, = (min(Cal, 1.5* hef) +15* hef) * (min(Caz, 1.5* hef) +15* hef) *N,

Basic Concrete Breakout Strength

Ten. Force at One Side of Bolt Assembly Tu
Ten. Force at Other Side of Bolt Assembly Tu2

Tension Eccentricity

o — abs [ Lo — T,(S,te)+T, *e
n 2 Tu + Tu2
VY =min | 1

Breakout Eccentricity Factor ecn ’
Breakout Edge Effect Factor Wedn
Breakout Cracking Factor on
Breakout Splitting Factor 'd

cpn
Nominal Concrete Breakout Strength

— nc % * * * *
chg — A edn Wecn SUcn b cpn
nco
Strength Reduction Factor - Shear Pryout (Dvp
Design Pryout Strength OV =¢ *2*
g sp
Pryout Strength Ratio Rps = ov
cpg

2.3.2.4 Anchor Reinforcement in Shear
Shear Reinforcement Factor ¢sr
Diameter of Ties D

— * L5 %
N, =24%h, Vi

77.7 kN

58.3 kN

0.17

824

0.33

0.75

160000 mm?

640000 mm?

84.7 kN

33 kN

3.6 kN

161.2 mm

0.55

1.25

234.5 kN

0.7

328.2 kN

0.04

0.75

10

Cl.17.7.3



) % 2 «N
Bar Strength - X Dir. Vrgx =2% ﬁc “(D) *fy * Tb 132 kN
Bar Strength - Z Dir. V. =2%0*(D )2 *fOF Ny 132 kN
rgz 4 K y 2
Bar Strength V. = v ? 2 186.6
rg rgx rgz
Bar Strength Ratio R, = ® _*V 0.14
sr rg
Anchorage Ratio - Shear RS 0.48
2.3.3 Interaction of Tension and Shear Cl.17.8
Governing Combination - LC 3
2.3.3.1 Critical Tension Check - Steel Strength
Applied Tension 7} 16.5 kN
Anchorage Tension Capacity TC 67.4 kN
Anchorage Ratio - Tension Rt 0.25
2.3.3.2 Critical Shear Check - Steel Strength
Applied Shear Sf 13.5 kN
Anchorage Shear Capacity Sc 28 kN
Anchorage Ratio - Shear RS 0.48
Anchorage Interaction Izs = Rt + RS 0.73
Since, Anchorage Interaction (l;s) < 1.2, Pass.
3.0 SUMMARY
3.1 Base Plate
. . Critical
Description Required | Actual L Status
Combination

Compression Capacity (kN) 300 6630 LC2 Pass

Bearing Pressure per unit Width (kN/m) 13260 13260 LC3 Pass

Plate Thickness (mm) 19.8 20 LC4 Pass
3.2 Anchorage Check
3.2.1 Anchorage in Tension (kN) - LC 5

L . . Utilization
Description Force Applied Capacity . Status
Ratio
Steel Strength 25 67.4 0.37 Pass
Concrete Breakout Strength 100 317.6 0.31 Pass




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
. . . Utilization
Description Force Applied Capacity . Status
Ratio
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 Interaction in Tension and Shear - LC 3
Description Actual Allowable Status
Tension - Steel Strength (kN) 16.5 <67.4 Pass
Shear - Steel Strength (kN) 13.5 <28 Pass
Anchorage Interaction 0.7 <12 Pass




