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Material Properties

According to Aluminum Design Manual 2010

6061 T6
non weld-affected zones:

THICKNESS  F, E, F., F., E
ALLOY TEMPER PRODUCT in. ksi ksi ksi ksi ksi
6061 -Te, Te51 Sheet & Plate 0.010 to 4.000 42 35 a5 27 10,100
-T6, T6510, T6511  Extrusions All 38 35 35 24 10,100
-T6, T651 Rod & Bar up thru 8.000 42 35 35 25 10,100
-Té Drawn Tube 0.025t0 0.500 42 35 35 27 10,100
-T6 Pipe Al 38 35 a5 24 10,100
weld-affected zones:
THICKNESS  Fuw  Fyw  Fow Faw E
ALLOY TEMPER PRODUCT in. ksi  ksi  ksi ksi  ksi
6061 T6, T651, TE510, TE511 Al 24 15 15 15 10,100
6061 T6, T651, T6510, TBS11? Al over 0.375 24 11 11 15 10,100
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Loading Summary
per New York City Building code and ASCE-7-05

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
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Sutton: Structural Model

overview
) _\ biggest tributary area: 26.6 sqf
loading on a truss: — ‘1\ \ — I
: H . W N E I
\ : L I
] EHLH_ ]
e
7z
framing of railed =7 \
panels ; attach to the truss P
Yy 5
.,-»IH A 1=
iy S s N o=
®  x — |
i : = : —
@ PLAN ®
Point load: Surface load*tributary area
Px [Ibf] Py [Ibf] Pz [Ibf]
SDL 0 0 81
WL (uplift) -35 -35 -392
WL (downforce) 43 43 490
SL 0 0 504
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Sutton: Structural Model

panel rail’s attaches location

overview of the model geometry (loading application points) 504.00
504.00 490,00
49000
aluminum truss cross section:
HEK 2. 5/2.5/0.26/0.25/0.25/0.25 HE 2/2/0.1878/0.1875/0.1876/0.1875 43 @0.00
41 F0043 00 _~
=== - - o
i i

connecting member between the truss and the legs:

leg cross section:

HK 2/2/0.25/0.25/0.25/0.25
2.000
0.250| 0.250

}L_T I

0.250
1.000

2.000

o —

0.250
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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)

L. =L/60
L=181"

Panel

Global Deformations

u [in]
0.358
0.325
0.293
0.260
0.228
0.195
0.163
0.130
0.098
0.065
0.033
0.000

Max : 0.358
Min : 0.000

Figure 6.1 Deflection diagram:

TABLE 1604.3
DEFLECTION LIMITSa .c.n1

CONSTRUCTION L SorWr | D+lag

Roof members:®
Supporting plaster ceiling 11360 11360 /240
Supporting nonplaster ceiling 240 240 /180
Not supporting ceiling irgo 1180 11120
Floor members 11360 — 1240
Exterior walls and interior
partitions:

With brittle finishes — 11120 —

With flexible finishes 11120
Farm buildings — — /180
Greenhouses — — 1120

For 80: 1 foot = 304.8 mm
a. For structural roofing and siding made of formed metal sheets, the total load deflection shall not exceed /60. For secondary roof structural members supporting
formed metal roofing. the live load deflection shall not exceed //150. For secondary wall members supporting formed metal siding. the design wind load
deflection shall not exceed //90. For soofs, this exception only applies when the metal sheets have no roof covering.
b. Interior partitions not exceeding 6 feet in height and flexible, folding and portable partitions are not govemed by the provisions of this section. The deflection
criterion for inferior partitions 1s based on the horizontal load defined in Section 1607.13.

c. See Section 2403 for glass supports

d. For wood structural members having a moisture content of less than 16 percent at time of installation and used under dry conditions, the deflection resulting
from L + 0.3D is permitted to be substituted for the deflection resulting from L + D.

e. The above deflections do not ensure against ponding. Foofs that do not have sufficient slope or camber to assure adequate drainage shall be investigated for ponding
See Section 1611 for rain and ponding requirements and Section 1503 4 for roof drainage requirements

f. The wind load is permitted to be taken as (1.7 times the “component and cladding™ loads for the purpose of determining deflection limits herein.

g. For steel structural members. the dead load shall be taken as zero

b For aluminum structural members or aluminum panels used in roofs or walls of sunroom additions or patio covers, not supporting edge of glass or aluminum
sandwich panels, the total load deflection shall not exceed //60. For aluminum sandwich panels nsed in roofs or walls of sunroom additions or patio covers, the total
load deflection shall not exceed //120.

i. For cantilever members, / shall be taken as twice the length of the cantilever.

Figure 6.2 Deflection limits

maximum displacement = 0.36” =L/ 502 < L/60 - ok
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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

Panel x

Streszes
Sigma-eqw [kai]

10.754
[ 5813
8.832

7.850
6.863
5.833
4506
3.925
2544
1.963
0.921
0.000

Max : 10,794
Min - 0000

Figure 7.1 stress analysis:
o =10.8 ksi < d*Ftu = 0.75*38 ksi = 28.5 ksi — ok

eq,max
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Sutton: Structural Model

stability and vibration analysis

Panel
Panel

@ Eigenvibrations
Dizplay Factors
Eigervectar Mo.:

Time history analysis
1-3.40 -

Eigenmode:;

1-7.34Hz -5

Factor:
042 =

Dizplay Factors

Deformation:

-
-

| RF-DiYNih

Figure 8.1 stability analysis: under DL + WL + SL Figure 8.2 dynamic analysis:
first buckling factor: 3.4 > 1 - ok

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:

Reaction forces of node .l max Py max Pz
type: [kip] [kip]
1 0.8 0.5 2.3
2 0.9 0.5 1.9
max reaction forces on worst loaded anchor:
Maximum shear: 2 kip; Maximum Pz: 4.2 kip
uplift wind forces:
Reaction forces of node max Px max Py max Pz
type: [kip] [kip] [kip]
1 0.2 0.2 -0.8
2 0.2 0.5 -1

max reaction forces on worst loaded anchor:
Maximum shear: 0.8 kip; Maximum uplift: -1.8 kip
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Sutton: Structural Model — Bracket Plates

stress analysis

internal forces in the cross section:

Cross-sectional area & 2125 | in?

5.000 - Shear area By 1.046 | in2

[zﬁl Shear area bz 0671 |inZ
] Distance to center of gravity gz 08597 [in

Maoment of inertia ly 2709 | in4

|3 .. [ Maoment af inertia Iz 2609 | in4

E .:D; : 250 Palar marment of inertia Ip 5318 | int
1 ] Governing radiuz of guration Iy 1129 |in
i Governing radiuz of guration Iz 1708 | in
: Paolar radiuz of gyration To 1582 [in

1 L wieight it 25 | Ibdft
‘ir Surface Asurs 21000 | in2/ft
z Torsional congstant J 0.044 | in*

Figure 10.1 cross section geometry and properties

Panel

Stresses
Sigma-eqw [ksi]
15.284
13.895
12.505
11.116
5.726
8.337
6.947
5.558
4168
27F
1.389
0.000

Max 15284
i : 0.000

Figure 10.2 stress diagram: Oy na = 15.3 ksi < ¢*Ftu = 0.75*38 ksi = 28.5 ksi — ok
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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: TYP.

1/4 6 .
‘ 7 / \El area taking
5;; ] i - r ) o ! Vy +Mt
K ] area taking
i \ 357 weld area: Vz+ Mt 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]
- TYP. TYP.

s \/ sl s 0.8 10.5 0.5

Figure 11.1 overview of the geometry

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/) =0.8*0.25/0.334 = 4.54 ksi
utilization in shear: (0.2/(0.25”*5”)+4.54)/11.25 = 0.42 < 1 — ok
utilization in shear: (3.7/(0.25”*3”)+4.54)/ 11.25=0.84 < 1 - ok

horizontal shear:
vertical shear:
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Candelario: Structural Model

overview

loading on a truss:

framing of railed

panels

<

/ﬂ\
(>

7\\

i

~ biggest tributary area: 27 sqf

.

N

AN

—
N

N

AN
/

attach to the truss

Point load: Surface load*tributary area

o L]

Px [Ibf] Py [Ibf] Pz [Ibf]
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:

HK 2.5/2.5/0.25/0.25/0.25/0.25

connecting member between
the truss and the legs:

TS 41310510510
300 s
(=1
uwy
s
. > »
g| @ i
217 iN0.500
;
"
i
.
)
I .
¥
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HK 2/240.1875/0.1875/0.1875/0.1875

leg cross section:

panel rail’s attaches location
(loading application points)

HK 2/2/0.25/0.256/0.25/0.256
2.000

0.250|

.

0.260

}L

0.250

2.000

1.000

0.250

510.0
500.0

012,
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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): L., = L/60

Panel

Global Deformations

ulin]
0.154
0.140
0.126
0z
0.098
n.084

May : 0.154
Min - 0.000

Figure 14.1 Deflection diagram:
maximum displacement = 0.105” = L/ 905 < L/60 - ok
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TABLE 1604.3
DEFLECTION LIMITSa.c.n1

CONSTRUCTION L SorWr | D+Lag

Roof members:®

Supporting plaster ceiling 11360 11360 /240
Supporting nonplaster ceiling 240 240 /180
Not supporting ceiling irgo 1180 11120
Floor members 11360 — 1240
Exterior walls and interior
partitions:
With brittle finishes — 11120 —
With flexible finishes 11120
Farm buildings — — /180
Greenhouses — — 1120

For 80: 1 foot = 304.8 mm
a. For structural roofing and siding made of formed metal sheets, the total load deflection shall not exceed /60. For secondary roof structural members supporting
formed metal roofing. the live load deflection shall not exceed //150. For secondary wall members supporting formed metal siding. the design wind load
deflection shall not exceed //90. For soofs, this exception only applies when the metal sheets have no roof covering.
b. Interior partitions not exceeding 6 feet in height and flexible, folding and portable partitions are not govemed by the provisions of this section. The deflection
criterion for inferior partitions 1s based on the horizontal load defined in Section 1607.13.
c. See Section 2403 for glass supports
d. For wood structural members having a moisture content of less than 16 percent at time of installation and used under dry conditions, the deflection resulting
from L + 0.3D is permitted to be substituted for the deflection resulting from L + D.
e. The above deflections do not ensure against ponding. Foofs that do not have sufficient slope or camber to assure adequate drainage shall be investigated for ponding
See Section 1611 for rain and ponding requirements and Section 1503 4 for roof drainage requirements
f. The wind load is permitted to be taken as (1.7 times the “component and cladding™ loads for the purpose of determining deflection limits herein.
g. For steel structural members. the dead load shall be taken as zero
b For aluminum structural members or aluminum panels used in roofs or walls of sunroom additions or patio covers, not supporting edge of glass or aluminum
sandwich panels, the total load deflection shall not exceed //60. For aluminum sandwich panels nsed in roofs or walls of sunroom additions or patio covers, the total
load deflection shall not exceed //120.
i. For cantilever members, / shall be taken as twice the length of the cantilever.

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

. Panel x
e W
gt Shesses
Sigma-eqy [ksi]
! 115
[1D.5
94
84
73
6.3
h2
42
31
21
10
00
Max : 115
Min 0.0

Figure 15.1 stress analysis:
Oeqmax = 11.5 ksi < ¢*Ftu = 0.75*38 ksi = 28.5 ksi — ok
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Candelario: Structural Model

stability and vibration analysis

Panel =
@ Eigenvibrations
Panel x _ _ .
Dlisply Feses Tirme higtory analyziz
Eigenvector No.:
1-414 - Eigenmode:
1-7.93Hz |5
Factor:
033 = Display Factars
Dreformation:
054
| RF-DYMAM
Figure 16.1 stability analysis: under DL + WL + SL Figure 16.2 dynamic analysis:
first buckling factor: 4.14 > 1 - ok 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:

Reaction forces of node .l max Py max Pz
type: [kip] [kip]
1 0.7 0.2 1.7
2 0.6 0.2 1.4
max reaction forces on worst loaded anchor:
Maximum shear: 0.95 kip; Maximum Pz: 1.7 kip
uplift wind forces:
Reaction forces of node max Px max Py max Pz
type: [kip] [kip] [kip]
1 0.1 0.2 -0.6
2 0.1 0.4 -0.7

max reaction forces on worst loaded anchor:

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