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1 Introduction and Scope:

The report and certification are the sole property of Prime Consulting Engineers Pty. Ltd.

Prime Consulting Engineers have been engaged by Extreme Marquees Pty. Ltd. to carry out a
structural analysis of three different sizes of Aluminium Cantilever Umbrellas for wind region A
(non-cyclonic). It should be noted that the outcome of our analysis is limited to the selected items
as outlined in this report.

This report shall be read in conjunction with the documents listed in the references (Section 1.2)
1.1 Project Description

The report examines the effect of 3s gust wind of (refer to summary) positioned for the worst
effect on 3.5m square cantilever umbrella structure. The relevant Australian Standards
AS1170.0:2002 General principles, AS1170.1:2002 Permanent, imposed and other actions and
AS1170.2:2011 Wind actions are used. The design check is in accordance with AS1664.1
Aluminum Structures.

1.2 References

° The documents referred to in this report are as follows:

(@]

Report of results produced through SAP2000 V23 software & excel spreadsheets.
o Detail drawing provided by manufacturer (YEEZE). Refer to appendix ‘A’.

° The basic standards used in this report are as follows:
o AS 1170.0:2002 — Structural Design Actions (Part 0: General principles)

o AS 1170.1:2002 — Structural Design Actions (Part 1: Permanent, imposed, and other
actions)

o AS1170.2:2011 — Structural Design Actions (Part 2: Wind Actions)

o AS1664.1 Aluminium Structures.
. Section Properties of Aluminium Section provided by the client. (Refer Appendix ‘A’.
° The program(s) used for this analysis are as follows:

o SAP2000V23

o Microsoft Excel

1.3 Notation

AS/NZS Australian Standard/New Zealand Standard
FEM/FEA Finite Element Method/Finite Element Analysis
SLS Serviceability Limit State
uLs Ultimate Limit State
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2 Design Overview

2.1 Geometry Data

2661

Isometric view of structures
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2.2 Assumptions & Limitations

The erected structure is for temporary use only.

For forecast winds in excess of (refer to summary) the umbrella structure should be
completely folded

The structure may only be used in regions with wind classifications no greater than the
limits specified in cl. 5 of this report.

Parameters used for wind calculations:
o TC2
o Wind Region A

Topographical factors such as erecting the structure on the crest of a hill or on the top of
an escarpment may result in a higher wind speed classification. Thus, special
considerations should be taken to the topographical location of the installation site.

Shall the site conditions/wind parameters exceed prescribed design wind actions (refer
to cl.8), Prime Consulting Engineers Pty. Ltd. should be informed to determine
appropriate wind classifications and amend computations accordingly.

2.3 Exclusions

Design of fabric
Wind actions due to tropical or severe tropical cyclonic areas.

Super imposed loads such as live loads or snow and ice loads.

2.4 Design Parameters and Inputs

2.4.1 Load Cases
1. G Permanent actions (Dead load)
3. Wu Ultimate wind action (ULS)
4. Ws Serviceability wind action (SLS)
2.4.2 Load Combinations
Strength (ULS):
1. 1.35G Permanent action only
3. 0.9G+W, Permanent and wind actions
4. 1.2G+W, Permanent and wind actions
Serviceability (SLS):
2. G+Ws Wind service actions
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3 Specifications

3.1 Material Properties

Material Properties

= Fty Fcy Fsu Fsy Fou Fby E kt kc

6063-T5
152 110 110 90 62 317 179 70000 1 1.12

3.2 Buckling Constants

TABLE 3.3(D)

BUCKLING CONSTANTS

Type of member and stress Intercept, MPa Sll/(l)lg:, Intersection
Compression in columns and beam flanges B. 119.26 | D 0.49 | C. 99.33
Compression in flat plates By 13429 |Dp 059 | Cp 93.61
lc(;gg]pression in round tubes under axial end B, 132.00 | D 362 | C .
g:rr:pressive bending stress in rectangular By, 19452 | Dy 1.26 | Cy  103.26
Compressive bending stress in round tubes Bt 183.09 | Dw 9.34 | Cw 79.80
Shear stress in flat plates Bs 75.86 Ds 025 | Cs 12454
E:Jcl)trinn;)?;esssitcr)(re]ngth of flat plates in ke 0.35 K, 227
Ultimate strength of flat plates in bending ka 0.5 ko 2.04

* Cishall be determined using a plot of curves of limit state stress based on elastic and inelastic
buckling or by trial and error solution
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3.3 Member Sizes & Section Properties

3.3.1 Rectangular Section

b | d t | ye Aq Z z, Sy S, Iy ly J ' ry
MEMBER(S) Section
mm | mm | mm [ mm mm? mm? mm? mm? mm? mm#* mm#* mm#* mm | mm
120x85x3 85 120 3 60.0 | 1194.0 | 41441.7 | 34291.3 | 49329.0 | 38881.5 | 2486502.0 | 1457379.5 | 2775221.2 | 45.6 | 34.9
60x35x3.5 35 60 3.5 | 30.0 616.0 9420.7 6709.7 11837.0 7987.0 282620.3 117420.3 251961.0 21.4 | 13.8
60x35x3.5 35 60 3.5 | 30.0 616.0 9420.7 6709.7 11837.0 7987.0 282620.3 117420.3 251961.0 21.4 | 13.8
Brace 2 30x20x1.5 20 30 1.5 15.0 141.0 1141.1 894.6 1401.8 1049.3 17115.8 8945.8 17744.2 11.0 8.0
Middle Beam 30x20x1.5 20 30 1.5 15.0 141.0 1141.1 894.6 1401.8 1049.3 17115.8 8945.8 17744.2 11.0 8.0
Corner Beam 30x20x1.5 20 30 1.5 15.0 141.0 1141.1 894.6 1401.8 1049.3 17115.8 8945.8 17744.2 11.0 8.0
Brace 100x50x5 50 100 5 50.0 | 1400.0 | 34733.3 | 22466.7 | 44000.0 | 26500.0 | 1736666.7 | 561666.7 1305401.8 | 35.2 | 20.0
3.3.2 Circular Sections
d t Ye Aq Zy Z, Sy Sy I ly J Iy ry
MEMBER(S) | Section
mm | mm | mm mm? mm3 mm? mm? mm3 mm#* mm#* mm#* mm | mm
48x1.8 48 1.8 24.0 | 261.3 | 2908.7 | 2908.7 | 3843.9 | 3843.9 | 69809.9 | 69809.9 | 139619.8 | 16.3 | 16.3
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4 Design Loads

Self weight G self weight
3s 55km/hr gust W, 0.116 Csg (kPa)
3s 20km/hr gust Ws 0.015 Crg (kPa)

5 Wind Analysis
5.1 Ultimate

Project: 4m square Cantilever Umbrella
Job no. 22-174-2 Designer: KZ
PRIME CONSULTING ENGINEERS PTY. LTD
Date: 17/01/2022 Amendment: -
Input

Importance level 2 Table 3.1 - Table

P 3.2 (AS1170.0)
Annual probability of
exceedance Temporary Table 3.3
Regional gust wind speed 55.008 Km/hr
Regional gust wind speed VR 15.28 m/s

. N - Table 3.2
Wind Direction Multipliers My 1 (AS1170.2)
Terrain Category TC 2
Terrain Category Multiplier Mz cat 0.91
Shield Multiplier Ms 1 4.3 (AS1170.2)
Topographic Multiplier Mt 1 4.4 (AS1170.2)
Site Wind Speed Vsite, 13.90 m/s Vsite,5=VR*Md*Mz,cat*Ms, Mt
Pitch a 15 Deg
Pitch a - rad
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Width
Length
Height

Porosity Ratio

4
D 4
Z 2.5
) 1

ratio of solid area to total
area

Wind Pressure

pair
dynamic response factor
Wind Pressure

P 1.2 Kg/m3
Cdyn 1
P*Ciig 0.116 Kg/m?

p=0. 5pair*(Vdes,[3) 2’\’Cfig*Cdyn

2.4 (AS1170.2)

WIND DIRECTION 1 (6=0)

External Pressure

Email: info@primeengineers.com.au

Web: www.primeengineers.com.au

1. Free Roof o=0°
Area Reduction Factor Ka 1 D7
local pressure factor Ki 1
porous cladding reduction Kp 1.00
factor
,I\E/lﬁ\(lernal Pressure Coefficient Chuw 03
External Pressure Coefficient
MAX CP,W 04
I\E/l)l(:\lemal Pressure Coefficient o 0.4
External Pressure Coefficient C 0
MAX P
i\ﬂelr'\?dynamlc shape factor Ciig -0.30
aerodynamic shape factor
MAX y P Cfig,w 0.40
aerodynamic shape factor Crig -0.40
MIN
aerodynamic shape factor
MAX y P Crig, 0.00
Pressure Windward MIN P -0.03 kPa
Pressure Windward MAX P 0.05 kPa
Pressure Leeward MIN P -0.05 kPa
Pressure Leeward MAX P 0.00 kPa
WIND DIRECTION 2 (6=90)
External Pressure
4. Free Roof «=180° D7
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Area Reduction Factor Ka 1

local pressure factor Ki 1

porous cladding reduction

factor Kp 1.00

,I\E/I)I(:\?rnal Pressure Coefficient Chuw 03

External Pressure Coefficient

MAX CP,W 04

:\EA)l(:\(lernaI Pressure Coefficient Cr, 04

External Pressure Coefficient c 0

MAX P

i\ﬁel:\?dynamlc shape factor Ciigan -0.30
aerodynamic shape factor

MAXV P Crigw 0.40
le\lﬁel:\(l)dynamlc shape factor Crigs -0.40
aerodynamic shape factor

MAX y P Crig, 0.00

Pressure MIN (Windward p 2003 KPa
Side)

Pressure MAX (Windward

Side) P 0.05 kPa
Pressure MIN (Leeward

Side) P -0.05 kPa
P_ressure MAX (Leeward = 0.00 KPa
Side)

Directionl Direction2
WIND EXTERNAL PRESSURE

Min (Kpa) Max (Kpa) Min (Kpa) Max (Kpa)
Windward -0.035 0.046 -0.035 0.046
Leeward -0.046 0.000 -0.046 0.000
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5.2 Load Diagrams
5.2.1 Wind Load Ultimate (Wuy,min)

E-3

5.2.2 Wind Load Ultimate (Wu,max)

E-3
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6 Analysis
6.1 3D model
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6.2 Results

6.2.1 Maximum deflection (serviceability)

-65.
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6.2.2 Maximum Bending Moment
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6.2.3 Maximum Shear
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6.2.4 Maximum Axial Force

6.2.5 Maximum Reactions

TABLE: Joint Reactions
F1 F2 F3 M1 M2 M3
OutputCase KN KN KN KN-m KN-m KN-m
1.2G+Wmax 1.964E-12 -0.048 0.608 -0.1317 -0.8242 -0.0845
0.9G+Wmin -1.55E-12 -0.012 -0.251 -0.0315 0.6199 -0.0202
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7 Aluminium Design

All members pass for the defined design wind actions. Refer to Appendix ‘B’ for section capacities and factor
of safeties.

8 Anchorage Design

8.1 Bolted Structure
Refer to Appendix ‘C’ for details.

Base Plate Radius: 90mm

Edge distance: 25mm

Assumed Concrete Slab Thickness: 180mm
Maximum Tensile Force on bolts: 5.33kN
Design of supporting concrete slab is by others.

Use 4/HLA-Z1 M10 bolt by All Fasteners
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8.2 Weighted structure

Base Plate Holder: 850mm x 850mm x 70mm

Design forces:

M* = 0.62 kN.m
P=0.25kN

0.73x0.85+0.251x 0.85/2=W/2 x 0.85 > W = 1.71kN

180kq ballast is required to be distributed evenly on the 850 x 850 x 70 base plate holder
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9 Summary and Recommendations

e The 3.5m Square Cantilever Umbrella Structure as specified is capable of withstanding 3s

gust wind speed up to 55km/hr.

e The umbrella structure is required to be folded for forecast winds in excess of 20km/hr
to avoid any potential permanent deformation/buckling due to excessive deflection as a

result of higher wind speeds.

e The anchorage system described in Cl. 8 (180kg ballast or 4/HLA-Z1 M10 bolt) is required

to resist against uplift & overturning forces due to design wind loads.

Yours faithfully,
Prime Consulting Engineers Pty. Ltd.

Kevin Zia, BEng, Meng, MIEAust, CPENG NER
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10 Appendix A — Detail Drawings
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20*30*1.5

Central
pole

Cross bar
35*60*3.5

Tubes and connectors

/N

dia.48*1.8

2200
!

Standing pole
851203
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Aluminum extrusion processing slider

Sliding lock

NC machining after aluminum extrusio
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CNC machining after aluminum extrusion
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11 Appendix B — Section capacity

11.1 Checking Members Based on AS1664.1 ALUMINIUM LSD

11.1.1 Post

PRIME CONSULTING ENGINEERS PTY. LTD

NAME
120x85x3
Alloy and temper
Tension

Compression

Shear

Bearing

Modulus of elasticity

FEM ANALYSIS RESULTS

Axial force

In plane moment
Out of plane moment

DESIGN STRESSES
Gross cross section area

In-plane elastic section
modulus

Out-of-plane elastic section
mod.

Stress from axial force

Email: info@primeengineers.com.au

Web: www.primeengineers.com.au

Job no.

SYMBOL
Post
6063-T5

Ftu
Fty

kt
ke

21-174-2

VALUE

152
110
110
90
62
317
179

70000

0.524

0.8242
0.2379

1194
41441.7

34291.282

P/Ag
0.44

Date:

UNIT

MPa
MPa
MPa
MPa
MPa
MPa
MPa

MPa

kN
kN
kKNm
kNm

mm?

mm3

mm3

MPa

17/01/2022

NOTES

Ultimate
Yield

Ultimate
Yield
Ultimate
Yield

Compressive

compression
Tension

compression

REF

AS1664.1

T3.3(A)

T3.4(B)
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= 0.00 MPa Tension
Stress from in-plane bending fox = Mx/Zx
= 19.89 MPa compression

Stress from out-of-plane foy = My/Zy
bending = 6.94 MPa compression
Tension
3.4.3 Tension in rectangular tubes

F. = 104.50 MPa

OR

F. = 129.20 MPa
COMPRESSION
3.4.8 Compression in columns, axial, gross section
1. General ...3.4.81
Unsupported length of member L = 2800 mm
Effective length factor k = 1.00
Radius of gyration about _
buckling axis (Y) fy = 3494 mm
Radius of gyration about _
buckling axis (X) Px = 463 mm
Slenderness ratio kLb/ry = 62.97
Slenderness ratio kL/rx = 61.36
Slenderness parameter A = 0.795

Dc* = 39.0

Si* = 0.24

Sao* = 1.25

¢cc = 0.833
Factored limit state stress oF. = 73.54 MPa
2. Sections not subject to torsional or torsional-flexural buckling ...3.4.82
Largest slend_erness ratio for KL/ _ 62.97
flexural buckling
3.4.10 Uniform compression in components of columns, gross section -
flat plates
1. Uniform compression in components of columns, gross section - flat
plates with both edges supported 3.4.10.1

k1 = 0.35 T3.3(D)
Max. distance between toes of
fillets of supporting elements b' = 79
for plate

t = 3 mm
Slenderness b/t =  26.333333
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Limit 1 S1 = 12.06
Limit 2 Sz = 49.94
Factored limit state stress }F.L = 93.08 MPa
Most adverse compressive limit Fa _ 73.54 MPa
state stress
Most adverse tensile limit state Fa _ 104.50 MPa
stress
Most.adverse compressive & f/Fa _ 0.01 PASS
Tensile capacity factor
BENDING - IN-PLANE
3.4.15 Compression in beams, extreme fibre, gross section rectangular
tubes, box sections
Unbraced length for bending Lo = 2200 mm
Second moment of area (weak Iy —  146E+06 mm?
axis)
Torsion modulus J = 2.78E+06 mm?3
Elastic section modulus V4 = 414417 mm3
Slenderness S = 90.67
Limit 1 S1 = 21.80
Limit 2 S2 = 3854.05
Factored limit state stress oF. = 95.00 MPa 3 4.15('2'5
3.4.17 Compression in components of beams (component under uniform
compression), gross section - flat plates with both edges supported
ki = 0.5 T3.3(D)
ko = 2.04 T3.3(D)
Max. distance between toes of
fillets of supporting elements b’ = 79 mm
for plate
t = 3 mm
Slenderness b/t =  26.333333
Limit 1 S1 = 12.06
Limit 2 S2 = 71.35
Factored limit state stress oF. = 93.08 MPa
Mo_st adverse in-plane bending o _ 93.08 MPa
limit state stress
Most e_ldverse in-plane bending o/ Fo _ 0.21 PASS
capacity factor
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BENDING - OUT-OF-PLANE
NOTE: Limit state stresses, ¢F are the same for out-of-plane bending
(doubly symmetric section)
Factored limit state stress }F.L = 93.08 MPa
Most adverse out-of-plane _
bending limit state stress Foy - S >
Most adverse out-of-plane _
bending capacity factor foy/Foy = ey
COMBINED ACTIONS
4.1.1 Combined compression and bending
Fa = 73.54 MPa
Fao = 93.08 MPa
Fox = 93.08 MPa
Foy = 93.08 MPa
fa/lFa = 0.006
Check: fa/Fa + fox/Fox + foy/Foy < 1.0
ie. 0.29 < 1.0
SHEAR
3.4.24 Shear in webs (Major
AXis)
Clear web height h = 114 mm
t = 3 mm
Slenderness hit = 38
Limit 1 S1 = 33.38
Limit 2 S2 = 59.31
Factored limit state stress oF. = 57.60 MPa
Stress From Shear force fsx = V/Aw
0.00 MPa
3.4.25 Shear in webs (Minor
AXis)
Clear web height b = 79 mm
t = 3 mm
Slenderness b/t =  26.333333
Factored limit state stress oF. = 58.90 MPa
Stress From Shear force fsy = VIAw
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PASS

PASS

. 4.1.1(2)

... 3.4.10
... 3.417
... 3.417

. 4.1.1(2)

...34.8

.41
©)
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0.05 MPa
Most adverseshear capacity _
factor (Major Axis) fo/Fox - g ilPE!
Most adverseshear capacity _
factor (Minor Axis) fey/Fsy - g RlEs AR
COMBINED ACTIONS
4.4 Combined Shear, Compresion and bending
Check: fa/Fa + folFo+ (fs/Fs> < 1.0
ie. 0.22 < 1.0 PASS
11.1.2 Cantilever Beam
Job no. 21-174-2 Date: 17/01/2022
PRIME CONSULTING ENGINEERS PTY. LTD
SYMBOL VALUE UNIT NOTES
60x35%3.5 Cantilever
Beam
Alloy and temper 6063-T5
) Ftu = 152 MPa Ultimate
Tension .
Fry = 110 MPa Yield
Compression Fey = 110 MPa
Fsu = 90 MPa Ultimate
Shear _
Fsy = 62 MPa Yield
) Fou = 317 MPa Ultimate
Bearing .
Foy = 179 MPa Yield
Modulus of elasticity E = 70000 MPa gompressw
kt =
ke =
FEM ANALYSIS RESULTS
Axial force P = 0057 kN LOMPrEssio
P = 0 kN Tension

Email: info@primeengineers.com.au
Web: www.primeengineers.com.au

=

AS1664.1

T3.3(A)

T3.4(B)
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In plane moment
Out of plane moment

DESIGN STRESSES
Gross cross section area

In-plane elastic section
modulus

Out-of-plane elastic section
mod.

Stress from axial force

Stress from in-plane bending

Stress from out-of-plane
bending

Tension

COMPRESSION
1. General

Unsupported length of
member

Effective length factor
Radius of gyration about
buckling axis ()

Radius of gyration about
buckling axis (X)
Slenderness ratio
Slenderness ratio

Slenderness parameter

Factored limit state stress

Email: info@primeengineers.com.au

3.4.3 Tension in rectangular tubes

Web: www.primeengineers.com.au

Mx
My

Zx

Zy
fa

OF.

OF.

Iy

I'x

kLb/ry
kL/rx

N 0O

3.4.8 Compression in columns, axial, gross section

0.3859
0.1841

616

9420.677
8
6709.733
3

P/Ag

0.09

0.00
Mx/Zx

40.96
My/Zy
27.44

104.50

129.20

1850
1.00

13.81

21.42

68.81
86.37

1.09
39.0
0.24
1.25
0.771

59.18

kNm
kNm

mm?2

mm3

MPa
MPa

MPa

MPa

MPa

MPa

mm

mm

mm

MPa

compressio
n
Tension

compressio
n

compressio
n

...3.4.81
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2. Sections not subject to torsional or torsional-flexural buckling ...34.82

Largest slend'erness ratio for KL/t _ 86.37

flexural buckling

3.4.10 Uniform compression in components of columns, gross section - flat

plates

1. Uniform compression in components of columns, gross section - flat

plates with both edges supported 3.4.10.1
k1 = 0.35 T3.3(D)

Max. distance between toes

of fillets of supporting b' = 28

elements for plate
t = 3.5 mm

Slenderness b/t = 8

Limit 1 S1 = 12.06

Limit 2 Sz = 49.94

Factored limit state stress ¢F. = 104.50 MPa

Most adverse compressive Fa _ 50.18 MPa

limit state stress

Most adverse tensile limit Fa _ 104.50 MPa

state stress

Most adverse compressive & _

Tensile capacity factor fe/Fa - o0 AR

BENDING - IN-PLANE

3.4.15 Compression in beams, extreme fibre, gross section rectangular

tubes, box sections

Unbraced length for bending Lb = 950 mm

Second moment of area Iy —  117E+05 mm?

(weak axis)

Torsion modulus J = 252E+05 mm3

Elastic section modulus 4 = 942%677 mm?3

Slenderness S = 104.06

Limit 1 S1 = 21.80

Limit 2 S2 = 3854.05

Factored limit state stress oFL = 94.54 MPa 3 4.15('2'5

3.4.17 Compression in components of beams (component under uniform

compression), gross section - flat plates with both edges supported
k1 = 0.5 T3.3(D)
ko = 2.04 T3.3(D)
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Max. distance between toes
of fillets of supporting b' = 28 mm
elements for plate

t = 3.5 mm
Slenderness b/t = 8
Limit 1 S1 = 12.06
Limit 2 Sz = 71.35
Factored limit state stress oF. = 104.50 MPa
Most adverse in-plane _
bending limit state stress Fox - ATt L
Most adverse in-plane o/ F _ 0.43 PASS

bending capacity factor

BENDING - OUT-OF-PLANE
NOTE: Limit state stresses, ¢F are the same for out-of-plane bending
(doubly symmetric section)

Factored limit state stress ¢F. = 94.54 MPa
Most adverse out-of-plane _
bending limit state stress Foy - S
Most adverse out-of-plane _
bending capacity factor Foy/Foy - Uz RS
COMBINED ACTIONS
4.1.1 Combined compression and bending 4_1.1('2'5
Fa = 59.18 MPa ...3.4.8
Fao = 104.50 MPa ...3.4.10
Fox = 94.54 MPa ... 3.4.17
Foy = 94.54 MPa ...3.4.17
fa/Fa = 0.002
Check:  fa/Fa + fol/Fox + foy/Foy < 1.0 4-1(;)
ie. 0.73 < 1.0 PASS
SHEAR
3.4.24 Shear in webs (Major
AXis) 4.1.1(2)
Clear web height h = 53 mm
= 35 mm
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Slenderness hit = 15'1;1285
Limit 1 S1 = 33.38
Limit 2 Sz = 59.31
Factored limit state stress ¢F. = 58.90 MPa
Stress From Shear force fsx = V/Aw

0.93 MPa
3.4.25 Shear in webs (Minor
AXis)
Clear web height b = 28 mm

t = 3.5 mm

Slenderness b/t = 8
Factored limit state stress ¢F. = 58.90 MPa
Stress From Shear force fsy = V/IAw

0.64 MPa
Most adverseshear capacity _
factor (Major Axis) fox/Fox - e ias
Most adverseshear capacity _
factor (Minor Axis) feylFsy - e b [g ==
COMBINED ACTIONS
4.4 Combined Shear, Compresion and bending

Check: fa/Fa + folFo+ (fs/Fs2 < 1.0
ie. 0.44 < 1.0 PASS
11.1.3 Brace (typ.1)
Job no. 21-174-2 Date: 17/01/2022
PRIME CONSULTING ENGINEERS PTY. LTD
NAME SYMBOL VALUE UNIT NOTES REF
60x35x3.5 Brace 1
Alloy and temper 6063-T5 AS1664.1
. Fu = 152 MPa Ultimate T3.3(A)
Tension .
Fry = 110 MPa Yield
Compression Fey = 110 MPa
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Shear

Bearing

Modulus of elasticity

FEM ANALYSIS RESULTS

Axial force

In plane moment
Out of plane moment

DESIGN STRESSES
Gross cross section area

In-plane elastic section
modulus

Out-of-plane elastic section
mod.

Stress from axial force

Stress from in-plane bending

Stress from out-of-plane
bending

Tension

3.4.3 Tension in rectangular tubes

COMPRESSION

3.4.8 Compression in columns, axial, gross section

1. General

Unsupported length of member

Effective length factor

Radius of gyration about
buckling axis (Y)

Email: info@primeengineers.com.au

Web: www.primeengineers.com.au

kt
Ke

OF.

oF.

—

fy

OR

90 MPa
62 MPa
317 MPa
179 MPa
70000 MPa
0.117 kN
0 kN
7.227E-19 KkNm
0.2362 kNm
616 mm?2

9420.6778 mm3

6709.7333 mm3

P/Ag
0.19 MPa
0.00 MPa
Mx/Zx
0.00 MPa
My/Zy
35.20 MPa
104.50 MPa
129.20 MPa
1000 mm
1.00
13.81 mm

Ultimate
Yield
Ultimate
Yield

Compressive

compression
Tension

compression
Tension

compression

compression

T3.4(B)

...3.4.81
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Radius of gyration about

buckling axis (X) Px = 2l4z mm
Slenderness ratio kLb/ry = 72.43
Slenderness ratio KL/rx = 46.69
Slenderness parameter A = 0.91

Dc* = 39.0

S1* = 0.24

So* = 1.25

¢cc = 0.808
Factored limit state stress oFL = 67.56 MPa

2. Sections not subject to torsional or torsional-flexural buckling

Largest slend_erness ratio for KL/ _ 72 43
flexural buckling

3.4.10 Uniform compression in components of columns, gross section -
flat plates

1. Uniform compression in components of columns, gross section - flat
plates with both edges supported

k1 = 0.35
Max. distance between toes of
fillets of supporting elements b’ = 28
for plate

t = 35 mm
Slenderness b/t = 8
Limit 1 S1 = 12.06
Limit 2 Sz = 49.94
Factored limit state stress oFL = 104.50 MPa
Most adverse compressive limit Fa _ 6756 MPa
state stress
Most adverse tensile limit state _
Siress Fa = 104.50 MPa
Most adverse compressive & fo/Fa _ 0.00

Tensile capacity factor

BENDING - IN-PLANE

3.4.15 Compression in beams, extreme fibre, gross section rectangular
tubes, box sections

Unbraced length for bending Lo = 1000 mm
aS)((eig())nd moment of area (weak Iy — 11742033 mm4

Email: info@primeengineers.com.au

PASS

...3.4.82

3.4.10.1
T3.3(D)
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Torsion modulus J = 251961.03 mm?

Elastic section modulus z = 9420.6778 mm?

Slenderness S = 109.54

Limit 1 S1 = 21.80

Limit 2 Sz = 3854.05

Factored limit state stress oF. = 94.37 MPa 3 4.15('2‘5

3.4.17 Compression in components of beams (component under uniform

compression), gross section - flat plates with both edges supported
k1 = 0.5 T3.3(D)
ko = 2.04 T3.3(D)

Max. distance between toes of

fillets of supporting elements b’ = 28 mm

for plate
t = 35 mm

Slenderness b/t = 8

Limit 1 S1 = 12.06

Limit 2 Sz = 71.35

Factored limit state stress oFL = 104.50 MPa

Most adverse in-plane bending = _ 94.37 MPa

limit state stress

Most adverse in-plane bending _

capacity factor fox/Fbx = 0.00 PASS

BENDING - OUT-OF-PLANE

NOTE: Limit state stresses, ¢F_ are the same for out-of-plane bending

(doubly symmetric section)

Factored limit state stress $F. = 94.37 MPa

Most adverse out-of-plane _

bending limit state stress Foy - S L

Most adverse out-of-plane _

bending capacity factor foy/Foy = B8y RS

COMBINED ACTIONS

4.1.1 Combined compression and bending ... 4.1.1(2)
Fa = 67.56 MPa ...3.438
Fao = 104.50 MPa ... 3.4.10
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factor (Minor Axis)

Fox = 94.37 MPa
Foy = 94.37 MPa
fa/lFa = 0.003
Check: fa/Fa + fox/Fox + foy/Foy < 1.0
i.e. 0.38 < 1.0
SHEAR
3.4.24 Shear in webs (Major
AXis)
Clear web height h = 53 mm
t = 3.5 mm
Slenderness h/t = 15.142857
Limit 1 S1 = 33.38
Limit 2 Sz = 59.31
Factored limit state stress oFL = 58.90 MPa
Stress From Shear force fsx = V/Aw
0.02 MPa
3.4.25 Shear in webs (Minor
AXis)
Clear web height b = 28 mm
t = 3.5 mm
Slenderness b/t = 8
Factored limit state stress oF. = 58.90 MPa
Stress From Shear force fsy = V/IAw
0.73 MPa
Most adverseshear capacity _
factor (Major Axis) fox/Fox - O S
Most adverseshear capacity foylFoy _ 0.01 Mpa

COMBINED ACTIONS

Email: info@primeengineers.com.au

Check:
i.e.

Web: www.primeengineers.com.au

4.4 Combined Shear, Compresion and bending

fa/Fa + folFo + (fs/Fs)2 < 1.0
0.38 < 1.0

PASS

PASS

PASS

... 3.417
... 3.417

. 4.1.1(2)
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11.1.4 Brace (typ.2)

Job no. 21-174-2 Date: 17/01/2022
PRIME CONSULTING ENGINEERS PTY. LTD
NAME SYMBOL VALUE UNIT N[OF =S REF
30x20x1.5 Brace 2
Alloy and temper 6063-T5 AS1664.1
. Fu = 152 MPa Ultimate T3.3(A)
Tension .
Fry = 110 MPa Yield
Compression Fey = 110 MPa
Fsu = 90 MPa Ultimate
Shear _
Fsy = 62 MPa Yield
) Fou = 317 MPa Ultimate
Bearing .
Foy = 179 MPa Yield
Modulus of elasticity E = 70000 MPa Compressive
ki - T3.4(B)
kc = '
FEM ANALYSIS RESULTS
Axial force P = 0.272 kN compression
P = 0 kN Tension
In plane moment Mx = 0 kKNm
Out of plane moment My = 0.0154 kNm
DESIGN STRESSES
Gross cross section area Ag = 141 mm?2
In-plane elastic section 7. _ 1141.05 mm?
modulus
Out-of-plane elastic section z _ 894575  mm3
mod.
Stress from axial force fa = P/Aq
= 1.93 MPa compression
= 0.00 MPa Tension
Stress from in-plane bending fox = Mx/Zx
= 0.00 MPa compression
fby = My/Zy
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Stres.s from out-of-plane _ 17.21 MPa compression
bending
Tension
3.4.3 Tension in rectangular tubes

dF. = 104.50 MPa

OR

dF. = 129.20 MPa
COMPRESSION
3.4.8 Compression in columns, axial, gross section
1. General ... 3.4.8.1
Unsupported length of member L = 1000 mm
Effective length factor k = 1.00
Radius of gyration about _
buckling axis (Y) y - .97 mm
Radius of gyration about _
buckling axis (X) fx - 11.02 mm
Slenderness ratio kLb/ry = 125.55
Slenderness ratio KL/rx = 90.76
Slenderness parameter A = 1.58

Dc* = 39.0

Si* = 0.24

So* = 1.25

(I)cc = 0.802
Factored limit state stress $F. = 35.14 MPa
2. Sections not subject to torsional or torsional-flexural buckling ...3.48.2
Largest slend_erness ratio for KL/ _ 12555
flexural buckling
3.4.10 Uniform compression in components of columns, gross section -
flat plates
1. Uniform compression in components of columns, gross section - flat
plates with both edges supported 3.4.10.1

k1 = 0.35 T3.3(D)
Max. distance between toes of
fillets of supporting elements b' = 17
for plate

t = 15 mm
Slenderness b/t = 11.333333
Limit 1 S1 = 12.06
Limit 2 Sz = 49.94
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Tensile capacity factor

Factored limit state stress dF. = 104.50 MPa
Most adverse compressive limit = _ 35.14 MPa
state stress

Most adverse tensile limit state = _ 10450 MPa
stress

Most adverse compressive & f/Fa _ 0.05

BENDING - IN-PLANE

tubes, box sections

Unbraced length for bending Lo
Second moment of area (weak |
axis) y
Torsion modulus J
Elastic section modulus z
Slenderness S
Limit 1 S1
Limit 2 S2
Factored limit state stress OF.

3.4.15 Compression in beams, extreme fibre, gross section rectangular

3.4.17 Compression in components of beams (component under uniform
compression), gross section - flat plates with both edges supported

1000 mm
8945.75 mm#

17744.206 mm3

1141.05 mm?3
181.13
21.80

3854.05

92.36 MPa

capacity factor

k1 = 0.5

k2 = 2.04
Max. distance between toes of
fillets of supporting elements b' = 17 mm
for plate

t = 15 mm
Slenderness b/t = 11.333333
Limit 1 S1 = 12.06
Limit 2 S2 = 71.35
Factored limit state stress oFL = 104.50 MPa
Mo.st adverse in-plane bending = _ 92 36 MPa
limit state stress
Most adverse in-plane bending o/ Fox _ 0.00

Email: info@primeengineers.com.au
Web: www.primeengineers.com.au

PASS

PASS

3.4.15(2)

T3.3(D)
T3.3(D)
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BENDING - OUT-OF-PLANE

(doubly symmetric section)

NOTE: Limit state stresses, ¢F_ are the same for out-of-plane bending

Email: info@primeengineers.com.au

Web: www.primeengineers.com.au

Factored limit state stress oF. = 92.36 MPa
Most adverse out-of-plane _
bending limit state stress Foy - gl
Most adverse out-of-plane _
bending capacity factor foy/Foy = Lk
COMBINED ACTIONS
4.1.1 Combined compression and bending
Fa = 35.14 MPa
Fao = 104.50 MPa
Fox = 92.36 MPa
Foy = 92.36 MPa
fa/Fa = 0.055
Check: fa/Fa + fox/Fox + foy/Foy < 1.0
ie. 0.24 < 1.0
SHEAR
3.4.24 Shear in webs (Major
AXis)
Clear web height h = 27 mm
t = 15 mm
Slenderness h/t = 18
Limit 1 S1 = 33.38
Limit 2 Sz = 59.31
Factored limit state stress oFL = 58.90 MPa
Stress From Shear force fsx = V/IAw
0.01 MPa
3.4.25 Shear in webs (Minor
AXis)
Clear web height b = 17 mm
t = 15 mm
Slenderness b/t = 11.333333
Factored limit state stress oF. = 58.90 MPa
Stress From Shear force fsy = VIAw

PASS

PASS

.. 4.1.1(2)

... 3.4.10
... 3.4.17
... 3.417

. 4.1.1(2)

...34.8
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0.22 MPa
Most adverseshear capacity _
factor (Major Axis) fox/Fox - g el
Most adverseshear capacity foJE _ 0.00 Mpa PASS
syl sy = o

factor (Minor Axis)

COMBINED ACTIONS
4.4 Combined Shear, Compresion and bending

Check: fa/Fa + fo/Fo+ (fs/Fs2 < 1.0
ie. 0.24 < 1.0 PASS

11.1.5 Middle Beam

Job no. 21-174-2 Date: 17/01/2022

PRIME CONSULTING ENGINEERS PTY. LTD

SYMBOL VALUE UNIT NOTES REF
Middle

30x20x1.5
Beam
Alloy and temper 6063-T5 AS1664.1
. Fu = 152 MPa Ultimate T3.3(A)
Tension .
Fry = 110 MPa Yield
Compression Fey = 110 MPa
Fsu = 90 MPa Ultimate
Shear .
Fsy = 62 MPa Yield
) Fou = 317 MPa Ultimate
Bearing )
Foy = 179 MPa Yield
Modulus of elasticity E = 70000 MPa Compressive
ki - T3.4(B)
kc = '
FEM ANALYSIS RESULTS
Axial force P = 0 kN compression
P = 0.162 kN Tension
In plane moment Mx = 0.0477 kNm
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Out of plane moment

DESIGN STRESSES
Gross cross section area

In-plane elastic section
modulus

Out-of-plane elastic section
mod.

Stress from axial force

Stress from in-plane bending

Stress from out-of-plane

bending

Tension

3.4.3 Tension in rectangular tubes

COMPRESSION
1. General

Unsupported length of member
Effective length factor

Radius of gyration about
buckling axis (Y)

Radius of gyration about
buckling axis (X)

Slenderness ratio

Slenderness ratio

Slenderness parameter

Factored limit state stress

Largest slenderness ratio for
flexural buckling

Email: info@primeengineers.com.au
Web: www.primeengineers.com.au

My

Ag
Zx

Zy
fa

fby

OF.

OF.

fy

I'x

kLb/ry
kL/rx

Dc*
Si*
So*

OF.

kL/r

0.0018 kNm

= 141 mm?
= 1141.05 mm?3

= 894.575 mm3

3.4.8 Compression in columns, axial, gross section

= P/Ag

= 0.00 MPa
= 1.15 MPa
= Mx/Zx

= 41.80 MPa
= My/Zy

= 2.01 MPa
= 104.50 MPa
OR

= 129.20 MPa
= 2040 mm
= 1.00

= 7.97 mm
= 11.02 mm
= 130.57

= 185.16

= 2.34

= 39.0

= 0.24

= 1.25

= 0.907

= 18.28 MPa

2. Sections not subject to torsional or torsional-flexural buckling

= 185.16

compression
Tension

compression

compression

...3.4.81

...3.482

44 | Page

Address: 21/1-7 Jordan St, Gladesville NSW 2111

Phone: (02) 8964 1818


mailto:info@primeengineers.com.au

% Prime Consulting Engineers Pty. Ltd.

3.4.10 Uniform compression in components of columns, gross section - flat

plates

1. Uniform compression in components of columns, gross section - flat

plates with both edges supported 3.4.10.1
k1 = 0.35 T3.3(D)

Max. distance between toes of

fillets of supporting elements b’ = 17

for plate
t = 1.5 mm

Slenderness b/t = 11.333333

Limit 1 S1 = 12.06

Limit 2 Sz = 49.94

Factored limit state stress oFL = 104.50 MPa

Most adverse compressive limit Fa _ 18.28 MPa

state stress

Most adverse tensile limit state Fa _ 104.50 MPa

stress

Most adverse compressive & £.JFa _ 0.01 PASS

Tensile capacity factor

BENDING - IN-PLANE

3.4.15 Compression in beams, extreme fibre, gross section rectangular
tubes, box sections

Unbraced length for bending Lb = 1040 mm

Second moment of area (weak Iy _ 894575  mm?

axis)

Torsion modulus J = 17744206 mm?

Elastic section modulus 4 = 1141.05 mm?

Slenderness S = 188.38

Limit 1 S1 = 21.80

Limit 2 Sz = 3854.05

Factored limit state stress oF. = 92.19 MPa 3.4.15('2'5

3.4.17 Compression in components of beams (component under uniform

compression), gross section - flat plates with both edges supported
k1 = 0.5 T3.3(D)
ko = 2.04 T3.3(D)
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Max. distance between toes of

fillets of supporting elements b’ = 17 mm
for plate
t = 15 mm

Slenderness b/t = 11.333333
Limit 1 S1 = 12.06
Limit 2 Sz = 71.35
Factored limit state stress ¢F. = 104.50 MPa
Most adverse in-plane bending = _ 9219 MPa
limit state stress b - '
Most adverse in-plane bending fun/F _ 0.45

X X - .

capacity factor

BENDING - OUT-OF-PLANE

NOTE: Limit state stresses, ¢F_ are the same for out-of-plane bending

(doubly symmetric section)

Factored limit state stress ¢F. = 92.19 MPa
Most adverse out-of-plane _
bending limit state stress Foy - Stk S
Most adverse out-of-plane _
bending capacity factor Foy/Foy - ez
COMBINED ACTIONS
4.1.1 Combined compression and bending
Fa = 18.28 MPa
Fao = 104.50 MPa
Fox = 92.19 MPa
Foy = 92.19 MPa
fa/lFa = 0.011
Check: fa/Fa + fox/Fox + foy/Foy < 1.0
ie. 0.49 < 1.0
SHEAR
3.4.24 Shear in webs (Major
AXis)
Clear web height h = 27 mm
t = 15 mm
Slenderness h/t = 18

Email: info@primeengineers.com.au
Web: www.primeengineers.com.au

PASS

PASS

PASS

.. 4.1.1(2)

...34.8
... 3.4.10
... 3.417
... 3.417

.41
®3)

L4112

46 | Page

Address: 21/1-7 Jordan St, Gladesville NSW 2111

Phone: (02) 8964 1818


mailto:info@primeengineers.com.au

m Prime Consulting Engineers Pty. Ltd.

Limit 1 S1 = 33.38
Limit 2 Sz = 59.31
Factored limit state stress dF. = 58.90 MPa
Stress From Shear force fsx = V/IAw

0.59 MPa
3.4.25 Shear in webs (Minor
AXis)
Clear web height b = 17 mm

t = 1.5 mm

Slenderness b/t = 11.333333
Factored limit state stress ¢F. = 58.90 MPa
Stress From Shear force fsy = V/IAw

0.10 MPa
Most adverseshear capacity _
factor (Major Axis) fox/Fox - B S
Most adverseshear capacity _
factor (Minor Axis) fey/Fsy = 0.00 Mpa PASS
COMBINED ACTIONS
4.4 Combined Shear, Compresion and bending

Check: fa/Fa + fo/lFo+ (fs/Fs2 < 1.0
ie. 0.46 < 1.0 PASS
11.1.6 Corner Beam
Job no. 21-174-2 Date: 17/01/2022

PRIME CONSULTING ENGINEERS PTY. LTD

SYMBOL VALUE UNIT NOTES REF

30x20x1.5 Corner
Beam

Alloy and temper 6063-T5 AS1664.1

. Fuu = 152 MPa Ultimate T3.3(A)
Tension .

Fry = 110 MPa Yield
Compression Fey = 110 MPa
Shear Fsu = 90 MPa Ultimate
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Bearing

Modulus of elasticity

FEM ANALYSIS RESULTS

Axial force

In plane moment
Out of plane moment

DESIGN STRESSES
Gross cross section area

In-plane elastic section
modulus

Out-of-plane elastic section
mod.

Stress from axial force

Stress from in-plane bending

Stress from out-of-plane
bending

Tension

3.4.3 Tension in rectangular tubes

COMPRESSION

3.4.8 Compression in columns, axial, gross section

1. General

Unsupported length of member

Effective length factor

Radius of gyration about
buckling axis (Y)

Email: info@primeengineers.com.au

Web: www.primeengineers.com.au

ki
ke

OF.

—

ly

00 u

62
317
179

70000

0.201
0.0788
0.0062

141
1141.05

894.575

P/Ag

0.00
1.43

Mx/Zx

69.06
My/Zy
6.93

104.50

129.20

2820
1.00

7.97

MPa
MPa
MPa

MPa

kN
kN
kNm
kNm

mm?

mm3

mm3

MPa
MPa

MPa

MPa

MPa

MPa

mm

mm

Yield
Ultimate
Yield

Compressiv
e

compression
Tension

compression
Tension

compression

compression

T3.4(B)

... 3.4.81
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Radius of gyration about

buckling axis (X) fx = 1102 mm
Slenderness ratio KLb/ry = 232.26
Slenderness ratio KL/rx = 255.95
Slenderness parameter A = 3.23

Dc* = 39.0

Si* = 0.24

So* = 1.25

¢cc = 0.950
Factored limit state stress oF. = 10.02 MPa
2. Sections not subject to torsional or torsional-flexural buckling ...3.4.82
Largest slenderness ratio for KL/ - 255 95

flexural buckling

3.4.10 Uniform compression in components of columns, gross section - flat

plates
1. Uniform compression in components of columns, gross section - flat
plates with both edges supported 3.4.101
k1 = 0.35 T3.3(D)
Max. distance between toes of
fillets of supporting elements b’ = 17
for plate
t = 15 mm
Slenderness b/t = 11'3??333
Limit 1 S1 = 12.06
Limit 2 S2 = 49.94
Factored limit state stress oF. = 104.50 MPa

Most adverse compressive limit

state stress Fa = 10.02 MPa

Most adverse tensile limit state E. _ 104.50 MPa

stress

Most adverse compressive & f.JFa _ a6l DASS

Tensile capacity factor

BENDING - IN-PLANE

3.4.15 Compression in beams, extreme fibre, gross section rectangular
tubes, box sections

Unbraced length for bending Lo = 1850 mm
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Second moment of area (weak
axis)

Torsion modulus

Elastic section modulus
Slenderness

Limit 1

Limit 2

Factored limit state stress

OF.

8945.75 mm*

17744.20
6

1141.05 mm?
335.10
21.80

3854.05

mm3

89.12 MPa

3.4.17 Compression in components of beams (component under uniform
compression), gross section - flat plates with both edges supported

capacity factor

k1 = 0.5

k2 = 2.04
Max. distance between toes of
fillets of supporting elements b' = 17 mm
for plate

t = 15 mm
Slenderness b/t = 11'3:,?333
Limit 1 S1 = 12.06
Limit 2 S2 = 71.35
Factored limit state stress oF. = 104.50 MPa
I\_/Io_st adverse in-plane bending Fox _ 89.12 MPa
limit state stress
Most adverse in-plane bending o/ Eox _ 0.77

BENDING - OUT-OF-PLANE

(doubly symmetric section)

NOTE: Limit state stresses, ¢F are the same for out-of-plane bending

bending capacity factor

Factored limit state stress oF. = 89.12 MPa
Most adverse out-of-plane _

bending limit state stress Foy - S L)
Most adverse out-of-plane Foy/Foy _ 0.08

COMBINED ACTIONS

Email: info@primeengineers.com.au
Web: www.primeengineers.com.au

4.1.1 Combined compression and bending

PASS

PASS

3.4.15(2)

T3.3(D)
T3.3(D)

.. 4.1.102)
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factor (Minor Axis)

Fa = 10.02 MPa
Fao = 104.50 MPa
Fox = 89.12 MPa
Foy = 89.12 MPa
fa/lFa = 0.014
Check: fa/Fa + fox/Fox + foy/Foy < 1.0
ie. 0.87 < 1.0
SHEAR
3.4.24 Shear in webs (Major
AXis)
Clear web height h = 27 mm
t = 15 mm
Slenderness hit = 18
Limit 1 S1 = 33.38
Limit 2 S2 = 59.31
Factored limit state stress oF. = 58.90 MPa
Stress From Shear force fsx = V/IAw
0.94 MPa
3.4.25 Shear in webs (Minor
AXis)
Clear web height b = 17 mm
t = 15 mm
Slenderness b/t = 11'33333
Factored limit state stress oF. = 58.90 MPa
Stress From Shear force fsy = V/IAw
0.22 MPa
Most adverseshear capacity _
factor (Major Axis) fex/Fx - e il
Most adverseshear capacity foylFoy _ 0.00 Mpa

COMBINED ACTIONS

Email: info@primeengineers.com.au

Check:
i.e.

Web: www.primeengineers.com.au

4.4 Combined Shear, Compresion and bending

fa/Fa + fo/Fo + (fs/Fs)2 <1.0
0.79 < 1.0

PASS

PASS

PASS

...34.8
... 3.4.10
... 3.417
... 3.417

.41
©)

. 4.1.1(2)
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11.1.7 Centre Pole

PRIME CONSULTING ENGINEERS PTY. LTD

NAME
48x1.8

Alloy and temper

Tension
Compression

Shear

Bearing

Modulus of elasticity

FEM ANALYSIS RESULTS

Axial force

In plane moment
Out of plane moment

DESIGN STRESSES
Gross cross section area

In-plane elastic section
modulus

Out-of-plane elastic section
mod.

Stress from axial force

Stress from in-plane bending

Email: info@primeengineers.com.au

Web: www.primeengineers.com.au

Job no.

SYMBOL

Centre
Pole
6063-T5

Ftu
Fiy

Kt
Ke

fbx

21-174-2

VALUE

152
110
110
90
62
317
179

70000

1.0
1.1

0.516

261.25485
2908.7461

2908.7461

P/AG

1.98
0.00

Mx/Zx
0.00

Date:

UNIT

MPa
MPa
MPa
MPa
MPa
MPa
MPa

MPa

kN
kN
kNm
kNm

mm?2

mm3

mm3

MPa
MPa

MPa

17/01/2022

NOTES

Ultimate
Yield

Ultimate
Yield
Ultimate
Yield

Compressive

compression
Tension

compression
Tension

compression

=

AS1664.1

T3.3(A)

T3.4(B)
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Stress from out-of-plane foy
bending
Tension
3.4.3 Tension in rectangular tubes
¢F.
¢F.

COMPRESSION

1. General
Unsupported length of member L
Effective length factor k
Radius of gyration about r
buckling axis (Y) y
Radius of gyration about ;
buckling axis (X) X
Slenderness ratio kLb/ry
Slenderness ratio kL/rx
Slenderness parameter A
Dc*
Si*
So*
¢cc
Factored limit state stress oFL

Largest slenderness ratio for

flexural buckling kL/r

flat plates

k1

mid-thickness radius of round
tubular column or maximum Rm
mid-thickness radius

Slenderness Rm/t
Limit 1 S1
Limit 2 S

Email: info@primeengineers.com.au
Web: www.primeengineers.com.au

3.4.8 Compression in columns, axial, gross section

My/Zy
0.00

122.27

160.21

400
1.00

16.35

16.35

24.47
24.47

0.309
39.0

0.54
1.25
0.935

91.85

2. Sections not subject to torsional or torsional-flexural buckling

24.47

0.35

23.1

1.8
12.833333

1.69
672.46

MPa

MPa

MPa

mm

mm

mm

MPa

3.4.11 Uniform compression in components of columns, gross section -

Uniform compression in components of columns, gross section - curved
plates with both edges, walls of round or oval tube

mm

compression

3.4.3

3.4.8.1

3.4.8.2

34.11

T3.3(D)
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Factored limit state stress oF. = 103.88 MPa

Most adverse compressive limit Fa _ 91.85 MPa

state stress

Most adverse tensile limit state Fa _ 122 27 MPa

stress

Most adverse compressive & f/Fa _ 0.02 PASS

Tensile capacity factor

BENDING - IN-PLANE
3.4.13 Compression in beams, extreme fibre, gross section round or oval

tubes
Unbraced length for bending Lo = 400 mm
Second moment of area (weak Iy - 6.98E+04 mm?
axis)
Torsion modulus J = 1.40E+05 mm?3
Elastic section modulus z = 2908.7461 mm?3
Ro/t = 12.83
Limit 1 S1 = 17.65
Limit 2 Sz = 79.80
Factored limit state stress oFL = 122.27 MPa 3.4.13

3.4.18 Compression in components of beams - curverd plates with both
edges supported

ki = 0.5 T3.3(D)
ke = 2.04 T3.3(D)

mid-thickness radius of round
tubular column or maximum Rb = 23.1 mm
mid-thickness radius

t = 1.8 mm
Slenderness Ru/t = 12.833333
Limit 1 S: = 10.67
Limit 2 S = 79.80
Factored limit state stress oF. = 101.17 MPa
I\_/Io_st adverse in-plane bending Fox _ 101.17 MPa
limit state stress
Most adverse in-plane bending _
capacity factor fox/ Fox = 0.00 PASS
BENDING - OUT-OF-PLANE
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NOTE: Limit state stresses, ¢F are the same for out-of-plane bending
(doubly symmetric section)
Factored limit state stress ¢F. = 101.17 MPa
Most adverse out-of-plane _
bending limit state stress Foy - AL L
Most adverse out-of-plane _
bending capacity factor Foy/Foy - B HRES
COMBINED ACTIONS
4.1.1 Combined compression and bending 4.1.1
Fa = 91.85 MPa 3.4.11
Fao = 103.88 MPa 3.4.11
Fox = 101.17 MPa 3.4.18
Foy = 101.17 MPa 3.4.18
fa/Fa = 0.022
Check: fa/Fa + fox/Fox + foy/Foy < 1.0 41.1
ie. 0.02 < 1.0 PASS
SHEAR
3.4.24 Shear in webs (Major 3.4.24
AXis)
R = 24 mm
t = 1.8 mm
Equivalent h/t h/t = 29.58
Limit 1 S1 = 33.38
Limit 2 Sz = 59.31
Factored limit state stress oF. = 58.90 MPa
Stress From Shear force fsx = V/Aw
0.00 MPa
3.4_.25 Shear in webs (Minor 3.4.24
AXis)
Clear web height R = 24 mm
t = 1.8 mm
Equivalent h/t hit = 29.58
Factored limit state stress oFL = 58.90 MPa
Stress From Shear force fsy = V/Aw
0.00 MPa
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Most adverseshear capacity _
factor (Major Axis) fox/Fx - B il
Most adverseshear capacity _
factor (Minor Axis) fey/Fsy - CHe Mg RASS
COMBINED ACTIONS
4.4 Combined Shear, Compresion and bending 4.4
Check: fa/Fa + folFo+ (fs/Fs> < 1.0
ie. 0.02 < 1.0 PASS

11.1.8 Summary Forces

MEMBER(S) Section
kN.m

Post . 120x85x3 = 85 | 120 3 -0 0.048 -0.524 0.8242 -0.2379
Cantilever Beam 60x35x3.5 35 60 35 -048 0327 -0.057 -0.3859 0.1841
Brace 1 60x35x3.5 35 60 | 35 0008 -0.375 -0.117 7.227E-19 0.2362
Brace 2 30x20x1.5 20 30 15 -0 0.026 -0.272 0 0.0154
Middle Beam 30x20x1.5 20 30 15  0.069 -0.012 0.162 -0.0477 0.0018
Corner Beam 30x20x1.5 20 30 15 -011 -0.026 0.201 -0.0788 -0.0062

MEMBER(S) Section P (Axial)

Centre Pole
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12 Appendix ‘C’ — Anchorage Design

AFOS 20.3 jiz0izz - Extended report

ALLFASTENERS ﬁ

Compary:  Prame Consulting Engineers Pty. Ltd,
Designer: KZ

Address: 211-T Jordan 5t, Gladesville
Project: 35m 50 Cantilever Umbsrella
Comments:

E-mail:
Phone:
Fax
Date:
Page:

info@primeengineers.com.au
02 &964 1818

/212022
17

1. Input Data

Selected anchors:
+ HLA-Z1 M0
Sleeve anchor
Zing plated
Design based on AS 5216
+ Assessment ETA-02,/0030 (32)
Issued by DIEt, on 9/13/2019
+ Effective anchorage depth he = 80 mm
+ Drilled hole @ x hy = 150 % 104 mm

Base material:

« Cracked concrete, Thickness of base material h="1E8Jmm

Strength class 32MPa, f'o=32 0M,/mm?
« Wide concrete reinforcement

Rebar spacing az 150mm for all @ or a2 100mm for @< 10mm

» Mo edge and stirrup reinfarcement
* Hammer drilled hole

Action loads:

» Predominantly static and quasi-static design loads

Installation:
+ Base plate lies on the concrete surface directly
« Without gap filling

Basze plate:

« 3250, E=200000M /mm?
f,=250M/mm?, §,=0.741, fu= ¢, - f,

« Assumed: elastic plate

+ Current thickness: 12.0mm
cr.-’f,ﬂ =50.6/185.2=27 3%

= Circle
Diarmeter: 180 mm

Profile:

+ Circular Hollow Section: 76.1x3.2 CHS
HxWxTxFT[mm]:7TaxTax32x00
Action peint [mm]: [0, 0]

Rotation counterclockwise: 0°
= Mo profile stiffness

Coordinates of anchors [mm]:
Slotted hole
o, X W L=x L=y
(111} -65.0
-65.0 oo
650 0.0
0 650

ol P =

z  Action loads: [kN], [kNm]

| -0E0a

 3ooas e

653

65

¥

hu=80 |

180

18D

El_

Allfasteners Pty Ltd, 78-84 Logistics Street, Keilor Park, VIC 3042, Australia, Phone 1800 255349, wew allfasteners.com.au
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AFOS 2.0.3 ;120122 - Extended report

ALLFASTENERS F

Company: Prime Consulting Engineers Pty. Ltd. E-mail: info@primeengineers.com.au
Designer: KZ Phone: 02 8964 1818
Address:  21/1-7 Jordan St, Gladesville Fax:
Project: 3.5m SQ Cantilever Umbrella Date: 1/21/2022
Comments: Page: 27
Load cases, design load: [kN], [kNm]
Active No. N, v, vy M, M, M, Utilization Decisive
® 1 -0.608 0.0 0.048 0.085 0.132 0.83 39.6%
2 0.251 00 0.012 0.02 0032 -0.62
2. Anchor internal forces [kN]

Tension load of anchors is calculated with elastic base plate.

Assumed: Anchor stiffness factor 0.50 — Anchor spring constant C; = 70.8 kN/mm.

Assumed: coefficient for concrete bedding factor b = 15.0 — concrete bedding factor Cc = b - fc = 480.0 N/mm’*

Anchor No. Tension N, Shear Vi Shear x Shear y
1 1.026 0.327 0327 0012
2 5328 0315 0.000 -0.315
3 0.000 0339 0.000 0.339
4 2116 0.327 -0.327 0012

Maximum plate displacement into concrete (x/y=48.9/-104). 0.007 [mm]
Maximum concrete compressive stress: 3.31 [N/mm?]

Mean concrete compressive stress: 1.23 [N/mm?]

Resultant tension force in (x/y=-40.9/8.4). 8.470 [kN]

Resultant compression force in (x/y=53.1/-6.7): 9.078 [kN]

Remark: The edge distance is not to scale.

Displacement and rotation of profile on base plate *
Displacement &; (+ve out of concrete): 0.031782 [mm)
Rotation 8, 0.000190 [rad]

Rotation 8, 0.001089 [rad]

"t Calculated using the best fit plane

Bending stresses in the base plate

%L
Nimn?
|

Concrete compression stresses under the base plate

Allfasteners Pty Ltd, 78-84 Logistics Street, Keilor Park, VIC 3042, Australia, Phone 1800 255349, www.allfasteners.com.au

Email: info@primeengineers.com.au
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AFOS 2.0.3 paoixen - Extended report ALLFASTENERS #

Compary.  Pame Consulting Engineers Ply. Lid, E-mail: infol@primeengineers.com.au
Designer: KZ Phone: 02 3954 1818
Address: 21/1-7 Jordan 5t, Gladesville Fan:
Praject: 3.5m 5 Cantilever Urnbrella Date: 172172022
Commients: Fage: 3T
3. Verification at ultimate limit state based on AS 5216
3.1 Tension load

Related anchor Action [kM] Resistance [kN] Utilizatson [%] Status
Steel faillure 2 5328 30667 74 v
Pull-out 2 5328 13440 396 ¥
Concrete cone failure 124 BATD 3n.b2s 23.1 i
Concrete cone failure e ™ . . - . nat applicable
Splitting failure - - - - nat applicable

“ addonal proof for the fastening with elastic base plate

Steel failure
My = Megs - dhon firgs = N* f Mpg
Nuu ¢'5N Nm: M ﬁl{s
[kM] [kM] [kM]
45.0 0667 30667 5328 0174
Pull-gut
Mpap = Nuﬂj“_..' e - ey Prap = N* / Mg
Nchl_n e L M M Brp
[kM] [kM] [kM]
16.0 1.26 0,667 13.440 5328 0.396
Concrete cone failure
Mae=Nsic - Yrara - Yoo+ Weara - Yoo - Y Mae ks - P - he [N] Wan AP en Mrae =Mrie - den
Nuﬁt-: Ao Auchl Wan ki *:N hia SerM Corh
[ki] [mm®l  [mm) [rvirm] [rem] [rm]
31167 104400 57600 1813 7.7 0.667 0.0 240.0 12000
Wir Yo BHx Bhy Woens  Warny Yech W May, . Mg, M B

[mml  [mm] kNl [kN] [kN]
10 10 19,2 B4 0862 0835 0806 1207 54937 36625 8470 0231

Concrete cone failure for single anchor (additicnal proof for the fastening with elastic base plate)
Verification is not required.

Splitting
Verification of splitting failure s not necessary, because:
+ The smallest edge distance of anchorisc 2 1.2 cqp.

3.2 Shear

Related anchior Action [kMN] Resistance [kN] Utilization [%:)] Status
Steel failure (without . arm) 3 0339 38.400 09 v
Pry-out 3 0339 21.5049 1.6 W
Concrete edge failure - . . . not applicable

Steel failure without lever arm
Ve = Vi -k dhav Bus =V Vaas

Whks 4] o Whds e P
[kM] [kM] [kN]
430 10 0.8 38.400 0339 0.009

Allfasteners Pty Ltd, 78-84 Logistics Street, Keilor Park, WIC 3042, Australia, Phone 1800 25534%, wew allfasteners.com.au
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AFOS 20.3 pi2oizia - Extended report ALLFASTENERS ﬁ
Compary:  Prime Consulting Engineers Pty. Ltd. E-mail: infoprimeengineers.com.au
Designer: KZ Phone: 02 8964 1818
Address: 21/41-T Jordan 5t, Gladesville Fau
Project: 31.5m 50 Cantilever Umnbrella Date: 172142022
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Pry-out failure
0 il 5 15 0
Mrwe=M mic - W Wan - Wren - Yocwe  Wre=ki-(Fe ) ha [Nl o =hepi oy Vake=ka Nae  Waae =Vap " ey
NU&‘ Acr AUHN Wan Yeen P b Sem Cam ka ka gy
[kM] [rem?]  [mmd) [mm] [mm] [mm]
367 29813 STE00 0518 1.0 10 BO.O 240.0 1200 7 20 0667
Byops B epy Yacw cp Pecvopy Pecvop Magc ViRkcp ‘i'lnd.n:p W &1’(:
[mrm] [mmn] [kM] [kM] [kN] [M]
0.0 0.0 1.0 1.0 1.0 16132 32.264 21.509 0.339 0016

Related area for calculation of pry-out failure Ay, ©
¥

Concrete edge failure
Verification for concrete edge failure is not necessary, because there is no concrete edge.

3.3 Combined tension and shear

anchor Tenskon( fn ) Shear( fiv ) Candition Utilization [%] Status
Steel 2 0174 0008 Blu+ By 210 EX v
Concrete 2 0,396 0015 B+ B 210 25.1 ¢

Anchor-related utilizatsan

A-Ma, Pras Prs B Priee [ Bus Bucy L Prucmss  Puomuc  Posser  Posrniss

1 0033 0078 0.231 0,000 0.000 0009 Q.05 0,000 0.231 Qs 0113 0.001
2 0174 0396 023 0.000 0000 00O0e 0ms 0.000 0396 ams 0251 0.030
3 0.000 0000 0000 0000 0000 [RR] 0016 0.000 000 ome 0002 0.000
4

0063 0157 0.231 0,000 0.000 0009 Q.05 0,000 0.231 Qs 0113 0.005
Brcmacs © Highest utilization of individual anchars under tension loading except steel failure

Bucmies : Highest utilization of individual anchars under shear loading except steel falure

Brormince - UMilization of individual anchers under combined tension and shear loading except stesl failure
Brerrisa 6 - Utilization of indrvidual anchors under combined tension and shear loading at steel failure
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Company:  Prime Consulting Engineers Pty. Ltd. E-mail: infod@primeengineers.com.au
Designer: KZ Phone: 02 &34 1318

Address: 21/1-T Jordan St, Gladesville Fau:

Project: 3.5m 50 Cantilever Umbrella Date: 142172022

Comments: P‘age: 54T

4. Displacement

Tension loading: N; = " S14 Shear loading: ‘-".h =y F14
Short-term displacement EN': = [N..",f Ng) - finn Short-term displacement 31.': = l‘-":hf Wil s
Lang-term displacement: B = (N Ml S Long-term displacement: &= IV B
N‘r My Bun Lt Eml:l Euw "-”h Vg St Eien Evu 5'\!“
[kN] [&M] [rmm] [mm] [rmirm) [rmirm] [kM] [kM] [mm] [rmirn Imim] Imirm]
5328 76 05 13 0.250  0.651 0.239 275 6 5.4 0.032  0.048
5. Remarks

= Capacity verifications of Section 3 are in accordance with AS 5216, For more camplex cases which are outside of AS 5216, the
same principles of AS 5216 are still used.

+ For connections with a flexurally rigid base plate, it is assumed that the base plate is sufficiently fgid. However, the current anchor
design methods (ETAG, Eurocode, AS 5216, ACI 318, C54 A23.3) do nat provide any usable guidance to check for rigidity. In the
realistically elastic (flexible) base plate, the tension load distribution between anchors may be different to that in the assumed rigid
base plate. The plate prying effects could further increase anchor tension loading. To venfy the sufficient base plate bending
rigidity, the stiffness condition according to the publication "Required Thickness of Flexurally Rigid Base plate for Anchor
Fastenings” (filk Symposium 2017 Maastricht) is used in this software,

For connections with an elastic base plate, the anchar tension ferces are caloulated with the finite element method with
consideration of detormations of base plate, anchors and concrete. Background for design with elastic base plates is described in
the paper "De-sign of Anchor Fastenings with Elastic Base Plates Suhjev:ted to Tension and Bending". This paper was puhlished in
“Stahlbau 88 (2019), Heft 8" and "5, Jahrestagung des Deutschen Ausschusses fur Stahlbeton - DAfStE 2017",

Anchar shear forces are calculated with the assumption of a rigid base plate. Attention should be paid to a narrow base plate with
a width to length ratio of less than 1/3,

= Werification for the ultimate limit state and the calculated displacement under service warking load are valid anly if the anchors are
installed properly according to ETA,

For design in cracked concrete, anchar design stancards,/codes assume that the crack width is limited to < 0.3mm by
reinforcerment. Splitting failure in cracked concrete is prevented by this reinforcing. The user needs to verify that this reinforcing is
present in cracked concrete. Generally, concrete structures design standards/codes (e.g. AS 3600) meet this crack width
requirement for mest structures. Particular caution must be taken at close edge distances where the location of reinforcing is not
clearly known.

Werification of strength of concrete elements ta loads applied by fasteners is to be dome in accordance with AS 5216

All information in this report is for use of Allfasteners products only. It is the responsibility of the user to ensure that the latest
version of the software is used, and in accordance with AFOS Iicensing agreement, This software serves unly as an aid to interpret
the stanclards and approvals without any guarantee to the absence of errors. The results of the software should be checked by a
suitably qualified person for correctness and relevance of the results for the applicatson,

The load-bearing capacity of the anchorage is: wverified !
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Designer: KZ Phone: 02 8964 1818

Address:  21/1-7 Jordan St, Gladesville Fax:

Project: 3.5m SQ Cantilever Umbrella Date: 1/21/2022

Comments: Page: 6/7

Anchorage figure in 3D:
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Company: Prime Consulting Engineers Pty. Ltd. E-mail: info@primeengineers.com.au
Designer: KZ Phone: 02 8964 1818
Address:  21/1-7 Jordan St, Gladesville Fax:

Project: 3.5m SQ Cantilever Umbrella Date: 1/21/2022
Comments: Page: /T
Anchor: HLA-Z1 M10

Drilled hole: do xhy =15 x 104 mm

Embedment depth; hnom = -

Effective anchorage depth: hef = 80 mm

Installation torque: Tinst = 50 Nm

Base plate: G250

Thickness: t=12mm

Clearance hole df =17 mm
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