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Project : Apollo Lattice beam 15 degree ridge
Element : Brief

Job Number : X0039 By : anw Date: Apr 17
Document No : 002A Checked: mmr|Date: Apr 17

FLFTTIDHTE DES

Brief

Design resistance

Geometry

To check design of ridge connector to ensure that it is
at least equivalent in capacity to the standard beam

The design resistance of the apollo lattice beam is

Based on Eurocode 9
Max moment on the beam is

Long term allowable moment
and Maximum Shear is

Long term Allowable shear

The ridge angle is 15 degrees as shown

A gusset plate brace, 50mm deep, is required to the bottom boom.

16.2 kNm

15.80 kN
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Loading
For the shear load case the applied forces are
15.8/2
7.90 kN

These are applied at the top and bottom booms as below

The model has the ridge piece supported as shown on the top and bottom

booms by pins

For STRAP model the forces are resolved to give vertical and horizontal loads

as shown

7.63

7.63

2.04
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Project : Apollo Lattice beam 15 degree ridge
Element : Loads
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LA LCHITE DESIGN

Load direction

For the moment load case

16.2/0.4
40.50 kN

For STRAP model the forces are resolved to give vertical and horizontal loads

as shown

10.48

10.48

39.12

The direction of the forces are interchangeable and can produce either
tension or compression in the members.
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Main Boom Capacity
248.3mm x 4.4mm CHS 6082 T6
48.3mm |
4. 4mm
Section Properties A= 607 mm?
I= 147654 mm*
W= 6114 mm?
W= 8254 mm?3
ry= 15.6 mm
for slenderness b/t b= 48.30 mm
10.98 t= 4.40 mm
sqrt(250/f,) fo= 250N/mm?
1.00
Class A, without welds, Internal parts B= 1le
= 11*1.0
= 11.00
10.98

Section is class 1
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Project : Apollo Lattice beam 15 degree ridge

CHLCUATINSHEE] [Erement Boom Capacities

Job Number : X0039

By : anw Date: Apr 17

Document No : 002A

Checked: mmr|Date: Apr 17

LA LCHITE DESIGN

Main Boom HAZ

There is a HAZ at welded joint to the diagonal brace

44

thoom= 4.40mm
tdiagonaI: 3.5mm

taverage: 3.95mm

All welds are TIG.
As per EN 1999-1-1 6.1.6.3

bhaz = 30mm

Therefore HAZ extends 30mm from intersection of welded materials
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HAZ Section Layout
Take section shown as non-HAZ.
b
£
=
=
£
£
J
ot
HAZ Section Properties A= 418 mm?®
= 92785 mm*
W= 3398 mm?®
W= 4587 mm?®
ry= 14.7 mm
Main Boom Moment Capacity (6.2.5.1)
Mc,Rd = aWe f,/ M1
o= W,/We, (Table 6.4)
= 1.35
W = 3.40 ¢cm®
fo= 250 N/mm?
Ym1= 1.1 (6.1.3)
= 1.35*3.40*250/1100
Mcrd = 1.04 kNm
Main Boom Shear Capacity (6.2.6)
Vra = A, fof \/3YM1
A= 0.6A
A= 0.6*418
v= 250.80 mm?
™MI= 11
fo= 250 N/mm?
= 250.80*250/(SQRT(3)*1100)
Vgd = 32.91 kN
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Main Boom Axial Comp Capacity @ 1000mm (effective length of beam between restraints)

Npra= KX Aetfo/rm (6.3.1.1)
Nee = w2 EI/K?L? (Appendix 1.3)
E= 70,000 N/mm?
| = 147,654 mm*
k= 0.50 (Table I1.2)
L= 1,000 mm
Ne = ((P1()"2)*70000*147654)/((0.5"2)*(1000"2))
= 408,040.24 N
A= \/Aeff fo / Ncr (6.3.1.2)
= 0.51 A= 418 mm?
X= 1/ d+VdiA?
® = 0.5(1+8(A-A,)+A%)
G= 0.20 Table 6.6
Ao= 0.10 Table 6.6
o= 0.67

X = 0.90

k= 1—(1—(A1/A) 107»_(005+0 1(A1/A))7\‘1.3(1—)»)

Ar= A-Auaz(1-Popiaz)
607-(189*(1-0.5))
512.50 mm?

k= 0.96

Nora= KX Acifolym
0.96*0.9*418*250/1100
82.08 kN
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Main Boom Axial Tension Capacity (6.2.3)
General yielding
No,Rd = Ag fo /YMl
fo= 250 N/mm?
Ag = Po,haz *A
= 418.00 mm?
ML= 11
= 418*250/1100
= 95.00 kN
Local failure
Nyrd= Anet fu lymz
fu= 290 N/mm?
Anet = Pu,haz *A
= 0.64*418/0.5
= 535.04 mm?
Ym1 = 1.25
= 535*290/1250
= 124.12 kN
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Project : Apollo Lattice beam 15 degree ridge
Element : Boom Capacities

Job Number : X0039 By : anw Date: Apr 17
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LA LCHITE DESIGN

Main Boom HAZ

There is a HAZ at welded joint to the gusset

thoom= 4.40mm
tdiagonaI: 3.5mm

taverage: 3.95mm

All welds are TIG.
As per EN 1999-1-1 6.1.6.3

bhaz = 30mm

Therefore HAZ extends 30mm from intersection of welded materials

HAZ Section Properties A= 775 mm?
l,= 1095414 mm*

I,= 95140 mm*

Weiy= 15225 mm?®

Woiy= 20553 mm?

ry= 11.1 mm
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Main Boom Moment Capacity (6.2.5.1)
Mc,Rd = aWe fy/ Tm1
o= WpI/WeI (Table 6.4)
= 1.35
W = 15.22 cm®
fo= 250 N/mm?
ML= 1.1 (6.1.3)

1.35*15.22*250/1100
Mcrg = 4.67 kNm

Main Boom Shear Capacity (6.2.6)

VR = A, fol \/3YM1

A= 0.6A
A~ 0.6*774
A= 464.40 mm?
Y™MI= 1.1
fo= 250 N/mm?
= 464.4*250/(SQRT(3)*1100)

VRrg = 60.94 kN
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Main Boom Axial Comp Capacity @ 1000mm (effective length of beam between restraints)

Npra= KX Aetfo/rm (6.3.1.1)
Nee = w2 EI/K?L? (Appendix 1.3)
E= 70,000 N/mm?
| = 1,095,414 mm*
k= 0.50 (Table 1.2)
L= 1,000 mm
N = ((P1()"2)*70000*195414)/((0.52)*(1000"2))
=  540,024.48 N
A= \/Aeff fo / Ncr (6.3.1.2)
= 0.60 A= 775 mm?
X= 1/ d+VdiA?
® = 0.5(1+8(A-A,)+A%)
a= 0.20 Table 6.6
Ao= 0.10 Table 6.6
o= 0.73

X = 0.87

k= 1—(1—(A1/A) 107»_(005+0 1(A1/A))7\‘1.3(1—)»)

Ar= A-Auaz(1-Popiaz)
607-(189*(1-0.5))
512.50 mm?

k= 0.83

Nora= KX Acifolym
0.87*0.83*775*250/1100
127.19 kN
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Main Boom Axial Tension Capacity (6.2.3)
General yielding
No,Rd = Ag fo /YMl
fo= 250 N/mm?
Ag = Po,haz *A
= 775 mm?
Ym1= 1.1
= 775*250/1100
= 176.14 kN
Local failure
Ny,rd = Anet fu lymz
fu= 290 N/mm?
AHEt = Pu,haz *A
= 0.64*775/0.5
= 992.00 mm?
Ym1= 1.25
= 992*290/1250
= 230.14 kN
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RHS diagonal Layout
38 x 19 x 3.25mm oval 6082 T6
~ 19.00 T
325 39.00
Section Properties A= 328 mm?
l,= 16172 mm*
r= 7.0 mm
for slenderness B= b/t b= 38-2*3.25
= 31.50 mm
= 9.69 t= 3.25 mm
&= sqrt(250/f,) fo= 250N/mm?
= 1.00
Class A, without welds, Internal parts B= 1le
= 11*1.0
= 11.00
9.69

Section is class 1

Page 13of 24



Project : Apollo Lattice beam 15 degree ridge HUJD
CHLCULHTIDT GHEE] [Element : Diagonal capacity
Job Number : WO0126 By : mrb Date: Apr 17
Document No : 002A Checked: mmr|Date: Apr 17 HLHH UH‘”T{ UHEH
Diagonal Axial Comp Capacity @ 527mm (effective length of beam)
Npra= KX Aetfo/rm (6.3.1.1)
k= Wy
Wx=" Pyhaz ful Ym2
fol yma
= (0.64*290/1.25)/(250/1.1)
= 0.65
= 0.65
Nee=  mEI/KL? (Appendix 1.3)
E= 70,000 N/mm?®
|y = 16,172 mm*
k= 0.50
L= 515 mm
Ner = ((P1()2)*70000%29292)/((0.5"2)*(515"2))

X =

X =

® = 0.5(1+8(A-A,)+A%)

291,464.44 N
VA f | Ngy
0.40 Agg =
1/ P+D*-A?
q =
0:
0.82

Npra= 0.82*1.0%164*290/1250

31.20 kN

(6.3.1.2)
164 mm?

0.20 Table 6.6
0.10 Table 6.6
0.61
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Diagonal Axial Tension Capacity (6.2.3)
General yielding
No,Rd = Ag fo /YMl
fo= 250 N/mm?
Ag = Po,haz *A
= 0.50*328
= 164.00 mm?
Ym1= 1.1
= 164*250/1100
= 37.27 kN
Local failure
Nu,Rd = Aty /YMZ
f= 290 N/mm?
Agtt = Puhaz* A
= 0.64*328
= 209.92 mm?
Ym1= 1.25

209.92*290/1250
48.70 kN
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Vertical CHS Member Capacity
248.3mm x 4.4mm CHS 6082 T6 . 45 3mm .
4.4 rmm
Section Properties A= 607 mm?
I= 147654 mm*
W= 6114 mm?®
W= 8254 mm?®
ry= 15.6 mm
for slenderness B= b/t b= 48.30 mm
= 10.98 t= 4.40 mm
€= Sqrt(250/fo) fo: 250N/mm2
= 1.00
Class A, without welds, Internal parts By= 1le
= 11*1.0
= 11.00
> 10.98

Section is class 1
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Vertical CHS Moment Capacity

Vertical CHS Shear Capacity

Project : Apo!lo Lattice beam 15 degre'e ridge
Element : Vertical CHS Member Capacity
Job Number : WO0126 By : mrb Date: Apr 17
Document No : 002A Checked: mmr|Date: Apr 17 HLHH UH‘”T{ UHEH
(6.2.5.1)
Mcra = aWe fo/ ymy
o= Wo/We (Table 6.4)
= 0.00
W = 8.25 cm®
fo= 255 N/mm?
M1 = 1.1 (6.1.3)
= 1.35%6.11*255/1100
Mcrd = 1.91 kNm
Myrd = Wetfu/ Ymz
Wnet Wel * Pu, haz
= 6.11*0.64
= 3.91 cm®
fu= 295 N/mm?
Y™z = 1.25 (6.1.3)
= 3.91*295/1250
Mu,Rd = 0.92 KNm
Mgax = 0.92 KNm lesser value of M¢ g/ My rd
(6.2.6)
Vra= A, fof \/3YM1
A= 0.6A
A= 0.6*0.64*607
A= 233.09 mm?
YM1= 1.1
fo= 255 N/mm?

= 233.09*255/(SQRT(3)*1100)
Veg = 31.20 kN
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Vertical CHS Axial Comp Capacity @ 354mm (effective length of beam)

Npra= KX Aettform (6.3.1.1)
k= Wy
Wy = Pyhaz fu / Ym2
fo/ Ym1
= (0.64*290/1.25)/(250/1.1)
= 0.65
k= 0.65
Nee = 2 EI/K2L2 (Appendix 1.3)
E= 70,000 N/mm?
| = 6,114 mm*
k= 0.50
L= 354 mm
N = ((P1()"2)*70000*147654)/((0.52)*(354/2))

3,256,090.52 N

A= VAo / Ny (6.3.1.2)
= 0.17 Acit = 388 mm?

X= 1 Q+D>A?
® = 0.5(1+8(A-Ao)+A%)

4= 0.20 Table 6.6
A= 0.10 Table 6.6
o= 0.52

X= 0.97

Nprg = 0.97*388*290/1250
= 87.32 kN
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Vertical CHS Axial Tension Capacity (6.2.3)

1. General yielding

No,Rd = Ag fo /YMl
0= 255N/mm?
o= 607mm?
Ym1 = 1.1
= 607*255/1100
= 140.71 kN
2. Local failure
Nurd= Anedfu vz
fu= 295 N/mm?
Anet= A* Py haz
= 607*0.64
= 388.5 mm®
Ym1 = 1.25

= 388.5*295/1250
= 91.69 kN

Lesser Value= 91.69 kN
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Load Case 1
Self Weight
Apollo lattice 15 degree ridge
X2
X1
SCALE = 1:10| UNITS: kN m| DATE:10/04/17
A /
o / 0
o))
o o =
o = )
)
0 S
Load Case 2

Moment - down

Apollo lattice

15 degree ridge

SCALE = 1:10| UNITS:

kN m

DATE:10/04/17

X2

X1

19.5

1029 1
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Load Case 3
Moment - up
Apollo lattice 15 degree ridge
X2
X1
SCALE = 1:10| UNITS: kN m| DATE:10/04/17
19.5
1029 1
Load Case 4
Shear - down
Apollo lattice 15 degree ridge
X2
X1
SCALE = 1:10| UNITS: kN m| DATE:10/04/17

7.6

7.6
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Load Case 5
Shear - up
Apollo lattice 15 degree ridge
X2
X1
SCALE = 1:10| UNITS: kN m| DATE:10/04/17
7.6
2.
/.6
2.
Combinations
Comb 1 -uls 1.35*Self +1.5* Moment down + 0.25* shear down
Comb 2 -uls 1.35*Self + 1.5*Moment up + 0.25* shear up

0.25 factor taken for shear because max moment and max shear do not
occur at same location in beam.
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Element Action Formula Capacity Calculated Factor
Boom Moment Mc rd 1.04 0.14 0.13
Shear Vrd 3291 5.57 0.17
Tension No rd 95.00 64.47 0.68
Compression Nb Rd 82.08 64.52 0.79
Combined (Nea/Nrg)™® + [(Meg /Mg, )" 1°® < 1.0 0.74
Boom with gusset  Moment Mc rd 4.67 0.46 0.10
Shear Vrd 60.94 3.59 0.06
Tension No Rd 176.14 61.28 0.35
Compression Nb,rd 127.19 64.62 0.51
Combined (Nea/Nrg)™® + [(Meg /Mg, )" "1°¢ < 1.0 0.35
Vertical Moment Mc rd 0.92 0.11 0.12
Shear VRd 31.20 0.45 0.01
Tension Nord 91.69 0.71 0.01
Compression Nb Rd 87.32 25.62 0.29
Combined (Nea/Nra)™® + [(Mea /Mg ) 1°° < 1.0 0.32
Diagonal Tension Nord 37.27 0.00 0.00
Compression Nb rd 31.20 5.97 0.19
Factor 0.79
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Summary

With the addition of a gusset plate brace to the bottom boom, the ridge
piece has been found to be capable of providing the same load capacity
as the alloy lattice beam.

The proposed layout is as shown below.

Booms
CHS 48.3x4.4

Verticals
CHS 48.3x4.4

—— Diagonals
Oval 39 x 19 x 3.25

Gusset plates
Plate 165 x 44 x 10

(approx)
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