;o)

DESIGN OF ANCHOR SYSTEM IN CONCRETE

1. Input Data:

PROSPEC

SPECIALTIES

Baseplate Calculation for 15m Aluminum Flagpole

Cast-In Anchors

Type of Anchor _ > No. of Intermediate Anchors along X-Direction(one side),n,
Grade of Anchor 88 W n, = |T
Anchor Diameter, da =24 w mm No. of Intermediate Anchors along Y-Direction(one side),n,
Compressive Strength of Concrete, fi = [~ 32 _Mpa n, = [ 0
Anchor Embedment Depth, h,; =] 600 mm
+¢+ Total No. of Anchors: N = 4
! Cal . >t . =2 ’ = .Clamrl' . Total No. of Anchors along X-Direction(one side) = 2
o :: @ - ji : Total No. of Anchors along Y-Direction(one side) = 2
i o= ]
i mEs : R Ch =| 120 mm
- ds 0 ofids, -[Z0 mm
dy [« ] : ~C'a1 =120 mm
g i C, =| 120 mm
Q & ' S, =| 210 mm
% o oy, = 120 mm
:1:?_ -
2. Applied Loads
Ultimate Tension, Ny = 0 kN
Ultimate Moment along X-direction, My = 25  kN.m
Ultimate Moment along Y-direction, My = 0 kN.m
Ultimate Shear along X-direction, Vy =[ 0 «kn
Ultimate Shear along Y-direction, Vy =[ 4 kN
3. Verification of Anchors against Tension  Clause D.5
For Single Anchor:
Check Applied Tension for each Anchor, N,
Tension on each Anchor due to Nu, T, = Nu/N
= 0.00 kN
Tension on each Anchor dueto Myy, Tx = (Myy/dy)/Nx where: Nx = No.ofanchors for My
= 59.524 kN = 2
Tension on each Anchor dueto My, Ty = (Myy/dx)/Ny where: Ny = No. of anchars far M,y
= 0.00 kN = 2
Ny = Ta+Tx+Ty = 59.524 kN
For Anchor Group:
Check Applied Tension for group of anchors , Ny,
Tension due to Nu, Te = Nu = 0 kN
Tension due to Myy, Tex = (My/dy) = 119.05 kN
Tension due to Myy, Tey = (My/dx) = 0 kN
Nugg = To+Tax+Tay = 119.05 kN
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5] PROSPEC

SPECIALTIES Baseplate Calculation for 15m Aluminum Flagpole

DESIGN OF ANCHOR SYSTEM IN CONCRETE ACI 318M-11%

3.1. Steel Strength of Anchors Clause D.5.1

Tension Capacity of each Anchor, @N,:
¢NSH = ¢Ase,N futa

where:
)} = 07 Clause D.4.3
Aen = Effective Cross-Sectional Area of Anchor = 245.04 mm?
futa = Nominal Tensile Strength of Anchors = 800 MPa
N, = 196.0 kN
@N, = 137.22 kN
N, = 5952 kN < @N;, = 13722 kN ; oK ; Ratio = 0.43
3.2. Concrete Breakout Strength Clause D.5.2
For Single Anchors: T Ny
Concrete Breakout Capacity , @N, : Mﬁ
PNy, = B(Anc/Anco) Wean "Fc,N‘"ch,NNb E i
where: ! I‘-a -
0} = 07 Clause D.4.3 hd
h'¢ = Effective embedment depth = 80 mm Vv~ 35°
Ay. = Projected concrete failure area of group of anchors = “Ee--
= 202500 mm’ !
A, = Projected concrete failure area of a single anchor with an edge distance equal
to or greater than 1.5 hy
= 9hy
= 57600 mm’
Yoy = 125 Clause 5.2.6
Yn = 1.00 Clause 5.2.5
Yon = 1.00 Clause 5.2.7
N, = kcAaf'c. hef*” Clause D.5.2.2
= 405 kN where:
ke = coefficient for basic concrete breakout
= 10
Aa = 1.00 Clause D.3.6
Ny, = 177.88 kN
@N, = 124.51 kN
N, = 5952 kN < @Ny = 12451 kN ; oK ; Ratio = 048
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5] PROSPEC

SPECIALTIES

DESIGN OF ANCHOR SYSTEM IN CONCRETE

Check if Anchor Group effects shall be considered: s ,,;, <3 h,

For Anchor Group:

Concrete Breakout Capacity , BN, :

Baseplate Calculation for 15m Aluminum Flagpole

¢Ncbg = ¢(ANJ Anco) lI’ec,N‘Ped,N \Pc,Nchp,’\le
Wen = 1/(1+2e'y/3he) Clause D.5.2.4
= 1.00 where:

e'y = distance between resultant tension on a group of
anchors loaded in tension and centroid of the
group of anchors loaded in tension

ey = IT mm Provide input value if applicable and zero

Ncbg = 177.88 kN if not applicable
BNy = 124.51 kN
Ny = 119.05 kN < ®Ng; = 12451 kN ; oK ; Ratio = 0.6

Consider Tension Reinforcement? |No W

Excess Tension, Tt
Tnet = Nua - ¢Ncbg
= - kN

I
Diameter of Provided Steel Reinforcement | 12

v

Required No. of Additional Tension Reinforcement Bars, ny,

N = Toee/ (BAs,Fyy)

where:
As, = Cross-sectional area of steel reinforcement provided
= 1131 mm®
fyp = Yield Strength of Steel Reinforcement
= IW Mpa
0] = 09
Therefore,
Ny = - T - additional tension reinforcement required
3.3. Pullout Strength Clause D.5.3

Pullout Capacity , @N,,:
¢an = ¢\I]C,PNP

For single headed stud or headed bolt:

Ne = 8Ay,fc
100.53 kN

Clause D.5.3.4

where:
[0} = 07 Clause D.4.3
Yo = 1.00 Clause D.5.3.6
where:
d, = diameter of Anchor Nut = 30
Apre = net bearing area of the head of anchor
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5] PROSPEC

) a5 T Baseplate Calculation for 15m Aluminum Flagpole

DESIGN OF ANCHOR SYSTEM IN CONCRETE

Ngn = 100.53 kN = 3927 mm’
@N,, = 7037 kN
For single hooked bolt: Clause D.5.3.5
Np = 0.9f'ceyda where:
= - kN ey, = distance from the inner surface of the shaft ofa J- or

L-bolt to the outer tip of J- or L-bolt (3da < eh < 4.5da)

0 mm?_ Provide input value if applicable and zero if not

Ny - R KN applicable
@N,, = - kN
For single headed stud or headed bolt:
Ny = 5952 kN < @N,, = 7037 kN ; oK ; Ratio = 0.85
For single hooked bolt:
N = - kN - ON, = - kN - ; Ratio = -
3.4.Concrete side-face blowout strength of a headed anchor Clause D.5.4
For Single Anchors:
Side-face Blowout Capacity , @N,, :
BNy, = B(13C,VAyghaf'c
where:
0] = 0.7 Clause D.4.3
Ca = distance from the center of an anchor shaft to the edge of concrete in one
direction /minimum edge distance
= 120 mm
Cs» = distance from the center of an anchor shaft to the edge of concrete in the
direction perpendicular to C,;
= 120 mm
A, = netbearing area of the head of anchor
= 3927 mm’
Aa = 1.00
Considerif 1.0 < C;,/Ci < 3.0:  yvos w C/Cy = 1.00
Ng, = 174.88 kN
@Ng, = 61.21 kN
N, = 5952 kN < @Ng = 61.21 kN ; oK ; Ratio = 0.97

Check if Anchor Group effects shall be considered: s ,;, <2 ¢y,

For Anchor Group:
Side-face Blowout Capacity , BN, :

ONgg = B(1+(s/6C,y))Ng,
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5] PROSPEC

SPECIALTIES Baseplate Calculation for 15m Aluminum Flagpole

DESIGN OF ANCHOR SYSTEM IN CONCRETE ACI 318M-11%

Ng = 174.88 kN
BNy, = 122.41 kN
Nug = 119.05 kN < @Ng, = 12241 kN oK ; Ratio = 0.97

3.5. Bond Strength of Adhesive Anchor Clause D.5.5

For Single Anchors:
Bond Strength Capacity , @N,:

¢Na = ¢(ANa/ANao) ‘Ped,Na ‘Pcp,NaNba
where:
¢ = 07
Ava = projected influence area of group of adhesive anchors
= 202500 mm’
Anao = Projected influence area of a single anchor if not limited by edge distance
or spacing
= (2cn) (If ¢y, > edge distance)
= 57600 mm’
Cna = 10d,V(Tyner/7.6)
= 154 mm i -
Tuher = 4.5 Table D.5.5.2 Service Environment: iOutdoor v
Wegna = 093 Clause D.5.5.4
Weona = 1.00 Clause D.5.5.5
Np. = Aa.t,.m.d,.D where:
= 35.19 kN Aa = 100 ClauseD3.6
Ter = 1.4 TableD.5.5.2
N, = 115.53 kN
@N, = 8664 kN
Ny = 59.524 kN < ©N,, = 86.64 kN ; oK ; Ratio = 069

Check if Anchor Group effects shall be considered: s ,;, <2 ¢y,
Check:
For Anchor Group:

Bond Strength Capacity , BN, :

¢Nag = ¢(ANa/ANao) \Pec,Na\Ped,Na \Pcp,NaNba
Wena = 1/(1+e'y/ cpa) Clause D.5.5.3
= 100 where:
e'y = distance between resultant tension on a group of

anchors loaded in tension and centroid of the group
of anchors loaded in tension
115.53 kN e'y = 0 mm Provide input value if applicable and zero if not
80.87 kN applicable

=2
1

ag
N,
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DESIGN OF ANCHOR SYSTEM IN CONCRETE

Baseplate Calculation for 15m Aluminum Flagpole

Ny = 119.05 kN > @N,, = 80.87 kN ; NOTOK ; Rato = 147
4. Verification of Anchors against Shear
For Single Anchor:
Check Applied Shear for each Anchor, V,,
Ve = J(Vx’+Wy%)/N
= 1.00 kN
For Anchor Group:
Check Applied Shear for group of anchors, V,,,,
Vuag = \/(VX2+Vy2)
= 4.00 kN
4.1. Steel Strength of Anchor  Clause D.6.1
Shear Capacity of each Anchor, @V,:
BV, = 0.6.A.\Fus
where:
0] = 0.7 Clause D.4.3
A,y = Effective Cross-Sectional Area of Anchor = 245.04 mm?
fuia = Nominal Tensile Strength of Anchors = 800 MPa
Vv, = 117.62 kN
@V, = 8233 kN
Vi, = 100 kN < @V, = 8233 kN ; oK ; Ratio = 0.01
4.2, Concrete Shear Breakout Strength Clause D.6.2
For Single Anchors:
Concrete Breakout Capacity , Q)Vcbg :
¢Vcb = ¢(AVC/AVCO) qjed,v \Ilc,V\Ph,VVb
where:
0} = 07
c'a = Effective embedment depth = 120 mm
Ave = Projected concrete failure area of groups of anchor
= 54000 mm’
Aveo = Projected concrete failure area for a single anchor
= 4.5(cy)
= 64800 mm?
ha = thickness of member in which an anchor is located, measured parallel to anchor axis.
=350 'mm
Y.y = modification factor based on presence or absence of cracks in concrete

[ Too
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SEECIALTIES Baseplate Calculation for 15m Aluminum Flagpole

DESIGN OF ANCHOR SYSTEM IN CONCRETE ACL318M-118

Wegy = 0.70 Clause D.6.2.6
Y. = 100 ClauseD.6.2.8
Vp = (0.6 (€,/d,)"* vd,) Aa vf'c (C,)*” where:
= 30.24 kN e, = 160 mm
V, = 3.7AVf'c(Cal)*’ Aa = 1.00 ClauseD36
= 27.514 kN
@V, = 1605 kN
@V, = 1123 kN
Ve = 100 kN < @Vy = 1123 kN ; oK ; Ratio = 0.09

For Anchor Group:
Concrete Breakout Capacity , Q)Vcbg :

¢Vcbg = ¢(AVC/AVCO) LIJec,V\Ped,V Tc,vTh,VVb
VYoo = 1/(1+2¢€'/3cy) Clause D.6.2.5
= 1.00 where:
ey = distance between resultant shear on a group of

anchors loaded in shear in the same direction, and

the centroid of the group of anchors in same direction

ey = 0 mm Provide input value if applicable and zero if not
applicable
@V, = 1605 kN
@V, = 1123 kN
Ve = 400 KN < @Veg = 1123 kN OK ; Ratio = 036
4.3. Pryout Strength Clause D.6.3
For Single Anchors:
Pryout Capacity , BV,
PV = PkoNep
where:
No = 177.9 kN
Kep = 2.00
0] = 0.7
Ve = 355.8 kN
@V, = 249.0 kN
V, = 100 kN < @V, = 249.03 kN ; oK . Rato = 0.00

For Anchor Group:
Pryout Capacity , @V,

Prospec Specialties Inc., 100-1075 North Service Rd. W,0Oakville On LEM2G2, Canada



0] PROSPEC

SPECIALTIES Baseplate Calculation for 15m Aluminum Flagpole

DESIGN OF ANCHOR SYSTEM IN CONCRETE e ACH 318M-11%%

gvcpg = gkcchpg

where:
we = 177.9 kN
ko = 2.00
g = 07
Vgg = 3558 kN
PV = 2490 kN
= 400 kN < @V, = 2490 kN OK ; Ratio = 0.02
SUMMARY:
Type of Anchor : Cast-In Anchors
Number and Diameter of Anchor : 4 - M 24
Grade of Anchor : Grade 838
Anchor Embedment Depth : 600 mm
Area of Concrete Pedestal or Affected Concrete : 450 x 450 mm
Compressive Strength of Concrete g 32 MPa
Yield Strength of Steel s 420 MPa
Tension Reinforcement in Concrete 2 - T -
Summary Ratio Remarks
Single | Group
Tensile Loading
Steel Strength 043 | N/A v
Concrete Breakout | 0.48 | 0.96 ]
|Pullout 085 | N/A @)
Side-face Blowout | 0.97 | 0.97 @
|Bond strength N/A | N/A &
Shear Loading
Steel Strength 0.01 | N/A &
Concrete Breakout | 0.09 | 0.36 @
|Pryout 0.00 | 0.02 V)
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Gold leaf finished ~

Rotating Saddle
Top OD 85

Hang flag equipmen

15000

Weight

2500

Butt OD 183

Remark:

A356 Cast base plate

Foundation /

4-M24x600mm

1.All dimensions are in millimeters unless otherwise stated.
2.Material is aluminium alloy 6063-T6.
3.Surface treatment is powder coating.
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Detail

Stainless steel rope
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Aluminum (6063)
Thickness 3.0mm
g 125 €
Base Plate
Aluminum (6063)
Thickness 4.1mm 185
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Itemref | Quantity

Title/Name, designation, material, dimension etc

Article No./Reference

Designed by Checked by Approved by - date Filename Date Scale
6 June, 2024
15m High Aluminum Flagpole
o) PROSPEC ° o
FPA15i Modified Edition | Sheet
S p EC I A I_T I E S (Internal Halyard)



http://www.mrchk.com
mailto:E-mail:sale@mrchk.com



