
Solar Canopy 
Candelario and Sutton Canopies 

LED facade report – structural report 

date: October 21th  2015 

architect: M.A.L 
client: Situ Studio 
detail structural façade engineering: Laufs Engineering Design – LED 

340389485 ES192294314DEPT OF BLDGS Job Number Scan Code



Solar Canopy – Structural Report slide - 2 - 

6061 T6 

non weld-affected zones: 

weld-affected zones: 

Material Properties 
According to Aluminum Design Manual 2010 
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values provided by Tough Trac loading sheet: 

DL according to material densities 

SDL panel&frame weight if 3.5 psf: 

Wind max uplift/downforce: -14.75 psf / +18.44 psf 

Snow snow load applied on panels: 18.9 psf 

Loading Summary 
per New York City Building code and ASCE-7-05 
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Sutton: Structural Model 
overview 

loading on a truss: 

Point load: Surface load*tributary area 

framing of railed 
panels 

biggest tributary area: 26.6 sqf 

attach to the truss 

Px [lbf] Py [lbf] Pz [lbf] 

SDL 0 0 81 

WL (uplift) -35 -35 -392

WL (downforce) 43 43 490 

SL 0 0 504 

y 

x 
z 
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Sutton: Structural Model 
overview of the model geometry 

aluminum truss cross section: 

connecting member between the truss and the legs: 

panel rail’s attaches location 
(loading application points) 

leg cross section: 
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Sutton: Structural Model – Deflection Limits - Results 
under DL + 0.75*WL + 0.75*S 

As specified according to  NYC building code (1604.3): 
Lmax = L/60

Figure 6.1 Deflection diagram:  
maximum displacement = 0.36” = L/ 502 < L/60 - ok 

L = 181” 

Figure 6.2 Deflection limits 
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Sutton: Structural Model - Stress Analysis 
under general stress analysis 

stress analysis carried on all members expected from the connection between the 
truss and the legs 

Figure 7.1 stress analysis: 
σeq,max = 10.8 ksi < ɸ*Ftu = 0.75*38 ksi = 28.5 ksi – ok 
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Sutton: Structural Model 
stability and vibration analysis 

Figure 8.1 stability analysis: under DL + WL + SL 
first buckling factor: 3.4 > 1 - ok  

Figure 8.2 dynamic analysis:  
first natural frequency: 7.34 Hz > 1.5 – ok 
(therefore vibration induced by wind is not likely to happen) 
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Sutton: Structural Model – reaction forces 
factored reaction forces 

Reaction forces: 

downward wind forces: 

max reaction forces on worst loaded anchor: 

Maximum shear: 2 kip; Maximum Pz: 4.2 kip 

uplift wind forces: 

max reaction forces on worst loaded anchor:  

Maximum shear: 0.8 kip; Maximum uplift: -1.8 kip 

12ft eq spacing of 3 ft 

Reaction forces of node 
type: 

max Px [kip] 
max Py 

[kip] 
max Pz 

[kip] 

1 0.8 0.5 2.3 

2 0.9 0.5 1.9 

Reaction forces of node 
type: 

max Px 
[kip] 

max Py 
[kip] 

max Pz 
[kip] 

1 0.2 0.2 -0.8

2 0.2 0.5 -1

z 

x 
y 

takes almost all the 
loading of both legs 
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Sutton: Structural Model – Bracket Plates 
stress analysis 

internal forces in the cross section: 

Figure 10.1 cross section geometry and properties 

Figure 10.2 stress diagram: σeq,max = 15.3 ksi < ɸ*Ftu = 0.75*38 ksi = 28.5 ksi – ok 

Solar Canopy – Structural Report
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Sutton: Structural Model – Bracket Plates 
stress analysis: shear check in connecting parts of the bracket plates 

internal forces in the cross section: 

 

Shear capacity: aluminum capacity of welded areas: 0.75*15=11.25 ksi (ADM G.1) 

shear due to torsion (taken by both weld areas):  v = Mt*t/J = 0.8*0.25/0.334 = 4.54 ksi 

horizontal shear: utilization in shear: (0.2/(0.25”*5”)+4.54)/11.25 = 0.42 < 1 – ok 

vertical shear: utilization in shear: (3.7/(0.25”*3”)+4.54)/ 11.25 = 0.84 < 1 – ok 

Figure 11.2 internal forces in the bracket plate 

weld  area: 

area taking 
Vy +Mt 

area taking 
Vz+ Mt 

Figure 11.1 overview of the geometry 

max N [kip] max Vy [kip] max Vz [kip] 

1.2 0.2 3.7 

max Mt [kip.in] max My [kip.in] max Mz [kip.in] 

0.8 10.5 0.5 

5” 

3.5” 
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Candelario: Structural Model 
overview 

loading on a truss: 

. 

Point load: Surface load*tributary area 

framing of railed 
panels 

attach to the truss 

y 

x 
z 

biggest tributary area: 27 sqf 

Px [lbf] Py [lbf] Pz [lbf] 

SDL 0 0 81 

WL (uplift) -35 -35 -400

WL (downforce) 43 44 500 

SL 0 0 510 
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Candelario: Structural Model 
overview of the model geometry 

aluminum truss cross section: 

panel rail’s attaches location 
(loading application points) 

leg cross section: connecting member between 
the truss and the legs:  
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Candelario: Structural Model – Deflection Limits - Results 
under DL + 0.75*WL + 0.75*S 

As specified according to  NYC building code (1604.3): Lmax = L/60

Figure 14.1 Deflection diagram:  
maximum displacement = 0.105” = L/ 905 < L/60 - ok 

L = 95” 

Figure 14.2 Deflection limits 
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Candelario: Structural Model - Stress Analysis 
under general stress analysis 

stress analysis carried on all members expected from the connection between the 
truss and the legs 

Figure 15.1 stress analysis: 
σeq,max = 11.5 ksi < ɸ*Ftu = 0.75*38 ksi = 28.5 ksi – ok 
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Candelario: Structural Model 
stability and vibration analysis 

Figure 16.1 stability analysis: under DL + WL + SL 
first buckling factor: 4.14 > 1 - ok  

Figure 16.2 dynamic analysis:  
first natural frequency: 7.93 Hz > 1.5 – ok 
(therefore vibration induced by wind is not likely to happen) 
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Candelario: Structural Model – reaction forces 
factored reaction forces 

Reaction forces: 

downward wind forces: 

max reaction forces on worst loaded anchor:  

Maximum shear: 0.95 kip; Maximum Pz: 1.7 kip 

uplift wind forces: 

max reaction forces on worst loaded anchor:  

Maximum shear: 0.4 kip; Maximum uplift: -0.2 kip 

10ft eq spacing of 2 ft 

Reaction forces of node 
type: 

max Px [kip] 
max Py 

[kip] 
max Pz 

[kip] 

1 0.7 0.2 1.7 

2 0.6 0.2 1.4 

Reaction forces of node 
type: 

max Px 
[kip] 

max Py 
[kip] 

max Pz 
[kip] 

1 0.1 0.2 -0.6

2 0.1 0.4 -0.7

z 

x 
y 
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contact person: 
structures, facades & specialty design 
Will Laufs, PhD, PE, IWE, LEED AP 

cell: +1 917 971 2577 
email: w.laufs@laufsED.com 
46-01 5th Street, 2nd Floor
Long Island City, NY 11101,USA




