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 Project Description:

These calculations cover the structural design of a Half Palm Arch Vacuum Canopy for
Club Car Wash, in Lee's Summit, MO. The structural scope of work includes:
 

Structural analysis of a new half palm arch vacuum canopy and foundation·
Structural analysis of a new half palm arch Point of Sale canopy and foundation·

SML, Inc. assumes no liability beyond what is specifically shown in these calculations.

 Code References: 

California Building Code, 2018 Edition (2018 IBC)

SEI/ASCE 7-16 Minimum Design Loads for Buildings & Other Structures (ASCE)

ACI 318-14 Building Code Requirements for Structural Concrete, (ACI)

ANSI/AISC 360-16 Specification for Structural Steel Buildings (AISC)

 Foundation:

Soil bearing pressure per IBC Table 1806.2: 

Allowable Bearing Pressure qlat 1500psf:=

Allowable Lateral Bearing plat 100psf 2 200 psf=:=

w/ 2x increase for isolated pole 
foundations per IBC Section 1806.3.4

ASCE Hazard Map  2 - 5
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ASCE Hazards Report
Address:
1021 SW Jefferson St
Lees Summit, Missouri
64081

Standard: ASCE/SEI 7-16 Latitude: 38.901333
Risk Category: I Longitude: -94.377174
Soil Class: D - Default (see 

Section 11.4.3)
Elevation: 1037.4010473110056 ft 

(NAVD 88)

Wind
Results: 

Wind Speed 103 Vmph
10-year MRI 76 Vmph
25-year MRI 83 Vmph
50-year MRI 88 Vmph
100-year MRI 94 Vmph

Data Source: ASCE/SEI 7-16, Fig. 26.5-1A and Figs. CC.2-1–CC.2-4, and Section 26.5.2
Date Accessed: Mon Sep 22 2025

Value provided is 3-second gust wind speeds at 33 ft above ground for Exposure C Category, based on linear 
interpolation between contours. Wind speeds are interpolated in accordance with the 7-16 Standard. Wind speeds 
correspond to approximately a 15% probability of exceedance in 50 years (annual exceedance probability = 
0.00333, MRI = 300 years).

Site is not in a hurricane-prone region as defined in ASCE/SEI 7-16 Section 26.2.

Page 1 of 4https://ascehazardtool.org/ Mon Sep 22 2025
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SS : 0.1
S1 : 0.068
Fa : 1.6
Fv : 2.4
SMS : 0.16
SM1 : 0.164
SDS : 0.107

SD1 : 0.109
TL : 12
PGA : 0.047
PGA M : 0.076
FPGA : 1.6
Ie : 1
Cv : 0.7

Seismic Design Category: B
Design Response Spectrum

S  (g) vs T(s)a

MCE   Response SpectrumR

S  (g) vs T(s)a

Design Vertical Response Spectrum

S  (g) vs T(s)a

MCE   Vertical Response SpectrumR

S  (g) vs T(s)a

Seismic

D - Default (see Section 11.4.3)Site Soil Class: 
Results: 

Data Accessed: Mon Sep 22 2025
Date Source: 
USGS Seismic Design Maps based on ASCE/SEI 7-16 and ASCE/SEI 7-16 Table 1.5-2. Additional data for 
site-specific ground motion procedures in accordance with ASCE/SEI 7-16 Ch. 21 are available from USGS.
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Ice
Results: 

Data Source: 
Date Accessed: 

Ice Thickness: 1.50 in.
Concurrent Temperature: 5 F
Gust Speed 40 mph

Standard ASCE/SEI 7-16, Figs. 10-2 through 10-8
Mon Sep 22 2025

Ice thicknesses on structures in exposed locations at elevations higher than the surrounding terrain and in valleys 
and gorges may exceed the mapped values.

Values provided are equivalent radial ice thicknesses due to freezing rain with concurrent 3-second gust speeds, 
for a 500-year mean recurrence interval, and temperatures concurrent with ice thicknesses due to freezing rain. 
Thicknesses for ice accretions caused by other sources shall be obtained from local meteorological studies. Ice 
thicknesses in exposed locations at elevations higher than the surrounding terrain and in valleys and gorges may 
exceed the mapped values.

Snow
Results: 

Ground Snow Load, p  : 20 lb/ftg
2

Mapped Elevation: 1037.4  ft
Data Source: ASCE/SEI 7-16, Table 7.2-8
Date Accessed: Mon Sep 22 2025

Values provided are ground snow loads. In areas designated "case study 
required," extreme local variations in ground snow loads preclude mapping at 
this scale. Site-specific case studies are required to establish ground snow 
loads at elevations not covered.

Snow load values are mapped to a 0.5 mile resolution. This resolution can 
create a mismatch between the mapped elevation and the site-specific 
elevation in topographically complex areas. Engineers should consult the local 
authority having jurisdiction in locations where the reported ‘elevation’ and 
‘mapped elevation’ differ significantly from each other.
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The ASCE Hazard Tool is provided for your convenience, for informational purposes only, and is provided “as is” and without warranties of any 
kind. The location data included herein has been obtained from information developed, produced, and maintained by third party providers; or 
has been extrapolated from maps incorporated in the ASCE standard. While ASCE has made every effort to use data obtained from reliable 
sources or methodologies, ASCE does not make any representations or warranties as to the accuracy, completeness, reliability, currency, or 
quality of any data provided herein. Any third-party links provided by this Tool should not be construed as an endorsement, affiliation, 
relationship, or sponsorship of such third-party content by or from ASCE.

ASCE does not intend, nor should anyone interpret, the results provided by this Tool to replace the sound judgment of a competent 
professional, having knowledge and experience in the appropriate field(s) of practice, nor to substitute for the standard of care required of such 
professionals in interpreting and applying the contents of this Tool or the ASCE standard.

In using this Tool, you expressly assume all risks associated with your use. Under no circumstances shall ASCE or its officers, directors, 
employees, members, affiliates, or agents be liable to you or any other person for any direct, indirect, special, incidental, or consequential 
damages arising from or related to your use of, or reliance on, the Tool or any information obtained therein. To the fullest extent permitted by 
law, you agree to release and hold harmless ASCE from any and all liability of any nature arising out of or resulting from any use of data 
provided by the ASCE Hazard Tool.
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 Half Palm Arch Vacuum Stanchion Canopy Analysis

 Materials: 

Aluminum: γal 173pcf 0.1 pci=:= Eal 10100ksi:= Gal 3800ksi:=

Tube Extrusions, B211 6061-T6 Fty 35ksi:= Ftu 42ksi:=

Fcy Fty 35 ksi=:=

Steel: Es 29000ksi:=

Round HSS Tube Steel, ASTM A500-Gr.B, 50 KSI fya500 50.0 ksi:= fua500 62ksi:=

Other Rolled Sections Plates, Angles, 
and Bars ASTM A36  

fyA36 36.0ksi:=

Bent Plate Trellis Connector Bar ASTM A1008 fya1008 41.3ksi:=

Base Plates - ASTM A1018 fy 53ksi:=

SAE J429 Grade 5 Bolts Fu 150ksi:=

 Welds:

Carbon Steel to Carbon Steel Fu_cs 70 ksi:=

Carbon Steel ASD Safety factor Ωcs 2.0:=

Area of weld Aw
2

2






D
16







 l:=

 Allowable Loads:

Carbon to carbon Rc_cs
0.6
Ωcs

Fu_cs Aw:=
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3600 E. University Dr, Suite1400
Ph enix, AZ 85034

(602) 438-2500

 Half Palm Arch Vacuum Stanchion Canopy Analysis

 Canopy Data:

Canopy Height HT 11.0ft:=

Average Spacing of Supports B 12.50ft:=

Separator Dimensions DS 1ft:= LS 2ft:= AS DS LS 2 ft2=:=

Post Section Set : Mast & Support Arm Section Set :

Α := Β :=

 Dead and Live Loads:

Length of Canopy Tube Lcanopy 14ft:=

Canopy Tube Diameter Dcanopy pprop2 Β, 
in 3.5 in=:=

Post Tube Diameter Dpost prop2 Α, 
in 6.62 in=:=

 Aluminum Trellis Geometry

Dcb 2.0in:= lcb 2.0in:= tcb 0.125in:=

 Area Calculation:

Acb Dcb lcb Dcb 2 tcb-( ) lcb 2 tcb-( ) - 0.94 in2=:= wsw Acb γal 1.13 plf=:=

Ref. Arch.
DrawingsLength of Cross Bar Lcb 15.0ft:= <---

Cross Bar Spacing Strellis 10.375in:=

Number of Cross Bars Nbars 16:=

Percent Solid α Dcb Strellis 0.19=:=

 Additional Loads

 Trellis Dead Load

WDL
γal Acb Lcb Nbars( )

Lcanopy
19.31 plf=:= WDL 19.31 plf=

Vacuum Eq.  PDLm 150lb:=

6" Dia. Aluminum Vacuum 
Tube  

wpipe 6.654plf:=

PDLp wpipe B 83.2 lb=:= e 15in:=

PDL PDLp PDLm+ 233.17 lb=:=

Dead Load Moment - created 
by vacuum and aluminum tube MDL PDL e 291.5 lb ft=:=

Live Loads wLL 20psf:=

WLL max B wLL α 5psf B, ( ) 62.5 plf=:=

             Page 7 

Job. No. 25-0593
9/23/25
By: CS

Check by: JL, SE

This letter and all associated reference sheets are not valid or authorized for use by SML – Consulting Structural & Forensic Engineers unless it
 is accompanied by a digitally signed and traditionally sealed, non-expired signature sheet bearing the same publication date indicated above.



C nsulting Structural &
 F rensic Engineers

3600 E. University Dr, Suite1400
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

 Seismic Loading Non-Building Structure (ASCE Chp. 15) Ref. Appendix for ATC Output

Importance Factor Ie 1.0:=

Site Class SC "D":=

Mapped Acceleration Parameters
Ref. USGS Seismic Output

Ss 0.1:= S1 0.068:=

Site Amplification Factors
ASCE Table 11.4-1 & 11.4-2

Fa 1.6:= Fv 2.4:=

Long-Period Transition TL 12:=

Site-Modified Spectral 
Acceleration Values 

SMS Fa Ss 0.16=:=

SM1 Fv S1 0.163=:=

Seismic Design Values SDS
2
3

SMS 0.107=:= SD1
2
3

SM1 0.109=:=

Seismic Design Category "B"

Response Modification Factor R 1.25:=

Values for Approx. Period Parameters
ASCE Table 12.8-2

Ct 0.02:= x 0.75:=

Approx. Fundamental Period Ta Ct
HT

ft








x
 0.121=:=

Ts
SD1

SDS
1.02=:= T Ta 0.121=:= <= 1.5 Ts 1.53=

query "USE EQUATIONS 12.8-2 THROUGH 12.8-6"=

Csmin max 0.44 SDS Ie 0.01, ( ) S1 0.6<if

max 0.44 SDS Ie 0.01, 0.5S1 R Ie( ),   otherwise

0.047=:=

Cs1
SDS

R
Ie









0.085=:= Csmax if T TL
SD1

T
R
Ie










, 

SD1 TL

T2 R
Ie










, 











0.721=:=

Cs if Csmax Cs1 if Cs1 Csmin Csmin, Cs1, ( ), Csmax, ( ) 0.09=:=

Cs Cs Q 0=if

Cse otherwise

0.09=:=
Use Cs 0.09=

 Seismic Loading

Vertical Component Coefficient Csy 0.2SDS 0.02=:=

Mechanical Dead Load PDL Cs 20 lb= PDL 0.2 SDS 5 lb=

Trellis Load WDL Cs 1.6 plf= WDL 0.2 SDS 0.41 plf=
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

 Wind Loading

Directional Procedure per ASCE 7-16, Chapter 27

3 Second Gust Speed (Ultimate) V 103 mph:= Vo V mph 1-:=

Risk Category I Table 1.5-1

Exposure Category C 26.7

Height (average) h HT 11 ft=:=

Velocity Pressure Exposure
Coefficient

Kz 0.85:= Table 27.10-1

Topographic Factor Kzt 1.0:= no topographic effects

Directionality Factor Kd 0.85:= Table 26.6-1

Elevation Factor Ke 1.0:= Table 26.9-1

Velocity Pressure qh 0.00256 Kz Kzt Kd Ke Vo
2 psf 19.62 psf=:= Eq. 26.10-1

Gust Effect Factor G 0.85:= 26.11

Width of Tributary = Bf B 12.50 ft=:=

Trellis Percent Solid α 0.19=

 Wind Load Analysis - Open Bldg, per Fig 27.3-4 & 27.3-5

Slope = θ 0.0 deg:=  Θ < 7.5 deg Slope = θ 24 deg:=  Θ = 22.5 deg  

Wind Direction γ = 0 deg (Worst pressure coefficents applied)

Load Case A CNW 1.2:= CNL 0.3:=

pW qh G CNW:= pW 20.01 psf=

PWva pW Bf α:= PWva 48.2 plf=

pL qh G CNL:= pL 5 psf=

PLva pL Bf α:= PLva 12.1 plf=

Load Case B CNW 1.1-:= CNL 0.1-:=

pW qh G CNW:= pW 18.35- psf=

PWvb pW Bf α:= PWvb 44.2- plf=

pL qh G CNL:= pL 1.67- psf=

PLvb pL Bf α:= PLvb 4- plf=
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 F rensic Engineers

3600 E. University Dr, Suite1400
Ph enix, AZ 85034
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

 Wind Load Analysis - Open Bldg, per Fig 27.3-4 & 27.3-5

Slope = θ 0.0 deg:=  Θ < 7.5 deg Slope = θ 24 deg:=  Θ = 22.5 deg  

Wind Direction γ = 180 deg (Worst pressure coefficents applied)

Load Case A CNW 1.2:= CNL 0.3:=

pW qh G CNW:= pW 20.01 psf=

PWva180 pW Bf α:= PWva180 48.2 plf=

pL qh G CNL:= pL 5 psf=

PLva180 pL Bf α:= PLva180 12.1 plf=

Load Case B CNW 1.1-:= CNL 0.1-:=

pW qh G CNW:= pW 18.35- psf=

PWvb180 pW Bf α:= PWvb180 44.2- plf=

pL qh G CNL:= pL 1.67- psf=

PLvb180 pL Bf α:= PLvb180 4- plf=
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C nsulting Structural &
 F rensic Engineers

3600 E. University Dr, Suite1400
Ph enix, AZ 85034
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

Wind load on arch canopy members - Other Structures/Equipment, per Sec. 29.4

Post
Diameter D1 prop2 Α, 

in 6.625 in=:=

h
D1

19.92=Height to Depth Ratio

Round Coefficient Factor D1 ft 1- qh psf 1- 2.45=

Wind force coefficient (Figure 29.4-1) Cf 1.2:=

Design wind load normal to surface 
(Eq. 29.4-1)

qw qh G Cf D1 11.0 plf=:=

6.0" Diameter Tube
D2 6.0in:=Diameter

Height to Depth Ratio h
D2

22=

Round Coefficient Factor D2 ft 1- qh psf 1- 2.21=

Wind force coefficient (Figure 29.4-1) Cf 1.2:=

Design wind load normal to surface 
(Eq. 29.4-1)

qw qh G Cf D2 10.0 plf=:=

Lateral Wind Reaction due  
to Aluminum Pipe 

Fwa qw B 125.1 lb=:=

Mast / Support Arm D3 pprop2 Β, 
in 3.5 in=:=Diameter

Height to Depth Ratio h
D3

37.71=

Round Coefficient Factor D3 ft 1- qh psf 1- 1.29=

Wind force coefficient (Figure 29.4-1) Cf 1.2:=

Design wind load normal to surface 
(Eq. 29.4-1)

qw qh G Cf D3 5.8 plf=:=

Separator

Projected Area AS 2 ft2=

Wind force coefficient (Figure 29.4-1) Cf 1.2:=

Design wind load normal to surface 
(Eq. 29.4-1)

qw qh G Cf AS 40 lb=:=

M qw e 50 lb ft=:=
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

 Ice Weight ρi 56pcf:=

Importance Factor Ii 0.8:=

Topographic Factor Kzt 1.0=

Height Factor fz
HT ft 1-

33









0.10

0.9=:= (EQ. 10.4-4)

Equivalent Radial Ice Thickness t 1.50in:= (Fig. 10.4-2)

Design Ice Thickness td t Ii fz Kzt
0.35 1.08 in=:= (EQ. 10.4-5)

 Ice Cross Sectional Geometry

Post Ai1 π td D1 td+( ) 0.18ft2=:= (EQ. 10.4-1)

di1 D1 2 td+ 0.73ft=:=

Load per foot Di1 Ai1 ρi 10.11 plf=:=

6.0" Diameter Tube Ai2 π td D2 td+( ) 0.17ft2=:= (EQ. 10.4-1)

di2 D2 2 td+ 0.68ft=:=

Load per foot Di2 Ai2 ρi 9.29 plf=:=

Pi2 Di2 B 116.17 lb=:=

Mast / Support Arm Ai3 π td D3 td+( ) 0.11ft2=:= (EQ. 10.4-1)

di3 D3 2 td+ 0.47ft=:=

Di3 Ai3 ρi 6.01 plf=:=Load per foot

Separator ASi π td DS td+( ) 0.31ft2=:=

DSi DS td+ 13.08 in=:=

Vi ASi LS ρi 34.35 lb=:= (EQ 10.4-2)

Mi Vi e 42.94 lb ft=:=

PDLi Vi Pi2+ 150.52 lb=:=

MDLi Mi Pi2 e+ 188.15 lb ft=:=

Aluminum Cross Bar Acbi π td Dcb td+( ) 0.07 ft2=:= (EQ. 10-1)

Dcbi Dcb 2 td+ 4.15 in=:=

Dicb Acbi ρi 4.04 plf=:=

Load per foot of canopy Wcbi Dicb Lcb Strellis 70.08 plf=:=
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

 Wind Loading (Atmospheric Ice) Directional Procedure per ASCE 7-16, Chapter 27

3 Second Gust Speed (Ultimate) V 40 mph:= <- Per Fig. 10.4-2

Velocity Pressure qh 0.00256 Kz Kzt Kd Ke Vo
2 psf 2.96 psf=:=

Percent Solid (w/ice) αi Dcbi Strellis 0.4=:=

 Wind Load Analysis - Open Bldg, per Fig 27.3-4 & 27.3-5

Slope = θ 0.0 deg:=  Θ < 7.5 deg Slope = θ 24 deg:=  Θ = 22.5 deg  

Wind Direction γ = 0 deg (Worst pressure coefficents applied)

Load Case A CNW 1.2:= CNL 0.3:=

pW qh G CNW:= pW 3.02 psf=

PWvai pW Bf αi:= PWvai 15.1 plf=

pL qh G CNL:= pL 0.75 psf=

PLvai pL Bf αi:= PLvai 3.8 plf=

 Wind Load Analysis - Open Bldg, per Fig 27.3-4 & 27.3-5

Slope = θ 0.0 deg:=  Θ < 7.5 deg Slope = θ 24 deg:=  Θ = 22.5 deg  

Wind Direction γ = 180 deg (Worst pressure coefficents applied)

Load Case A CNW 1.2:= CNL 0.3:=

pW qh G CNW:= pW 3.02 psf=

PWva180i pW Bf αi:= PWva180i 15.1 plf=

pL qh G CNL:= pL 0.75 psf=

PLva180i pL Bf αi:= PLva180i 3.8 plf=
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

Wind load on arch canopy members ( + ice cross section) - Other Structures/Equipment, per Sec. 29.4

Post
di1 8.78 in=Diameter
h

di1
15.04=Height to Depth Ratio

Round Coefficient Factor di1 ft 1- qh psf 1- 1.26=

Wind force coefficient (Figure 29.4-1) Cf 1.2:=

Design wind load normal to surface 
(Eq. 29.4-1)

qw qh G Cf di1 2.2 plf=:=

6.0" Diameter Tube
di2 8.15 in=Diameter

Height to Depth Ratio h
di2

16.2=

Round Coefficient Factor di2 ft 1- qh psf 1- 1.17=

Wind force coefficient (Figure 29.4-1) Cf 1.2:=

Design wind load normal to surface 
(Eq. 29.4-1)

qw qh G Cf di2 2.1 plf=:=

Lateral Wind Reaction due  
to Aluminum Pipe 

Fwa qw B 25.6 lb=:=

Mast Arm / Support Arm
Diameter di3 5.65 in=

Height to Depth Ratio h
di3

23.36=

Round Coefficient Factor di3 ft 1- qh psf 1- 0.81=

Wind force coefficient (Figure 29.4-1) Cf 1.2:=

Design wind load normal to surface 
(Eq. 29.4-1)

qw qh G Cf di3 1.4 plf=:=

Separator

Projected Area ASi DSi 2 ft 2.18ft2=:=

Wind force coefficient (Figure 29.4-1) Cf 1.2:=

Design wind load normal to surface 
(Eq. 29.4-1)

qw qh G Cf ASi 7 lb=:=

M qw e 8 lb ft=:=
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

 Snow Load θs 70deg:=

Ground Snow Load pg 20psf:=

Exposure Factor Ce 1.0:= ASCE 7-16 Table 7.3-1

Thermal Factor Ct 1.2:= ASCE 7-16 Table 7.3-2

Importance Factor Is 0.8:= ASCE 7-16 Table 1.5-2

Flat Roof Snow Load pf 0.7 Ce Ct Is pg:= ASCE 7.3-1

Roof Snow Load PSL pf 13.44 psf=:=

Min Roof Snow Load PSLmin 0 pg 0=if

Is pg( ) pg 20psf<if

20psf Is( ) otherwise

16 psf=:=

pf max PSL PSLmin, 0psf, ( ) 16 psf=:=

Snow Density γs min 0.13pg ft 14pcf+ 30pcf, ( ) 16.6 pcf=:=

Snow width
(trapezoid)

xs pf γs( ) tan θs( ) 4.21 in=:=

6.0" Diameter Tube
(per ASCE 7-16 7.13)

PSLi2 B 1.37di2
2 2( ) γs  di2

0.73pf

γs
if

B
di2 di2 2 xs-( )+

2
pf


















otherwise

65.57 lb=:=

MSLi2 PSLi2 e 81.96 lb ft=:=

Mast / Support Arm
(per ASCE 7-16 7.13)

WSLi3 1.37di3
2 2( ) γs  di3

0.73pf

γs
if

di3 di3 2 xs-( )+

2
pf









otherwise

2.52 plf=:=

Separator PSLiS
π DS

2

4
pf 12.57 lb=:= MSLiS PSLiS e 15.71 lb ft=:=

Cross Bar WSLcb
Lcb

Strellis
1.37Dcbi

2 2( ) γs  Dcbi
0.73pf

γs
if

Dcbi Dcbi 2 xs-( )+

2
pf

Lcb

Strellis
 otherwise

23.6 plf=:=
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Model Settings

Solution
Members

Number of Reported Sections 5
Number of Internal Sections 100
Member Area Load Mesh Size (in2) 144
Consider Shear Deformation Yes
Consider Torsional Warping Yes

Wall Panels
Approximate Mesh Size (in) 24
Transfer Forces Between Intersecting Wood Walls Yes
Increase Wood Wall Nailing Capacity for Wind Loads Yes
Include P-Delta for Walls Yes
Optimize Masonry and Wood Walls Yes
Maximum Number of Iterations 3

Processor Core Utilization
Single No
Multiple (Optimum) Yes
Maximum No

Axis
Vertical Global Axis

Global Axis corresponding to vertical direction Y
Convert Existing Data Yes

Default Member Orientation
Default Global Plane for z-axis XZ

Plate Axis
Plate Local Axis Orientation Global

Codes
Hot Rolled Steel AISC 15th (360-16): ASD
Stiffness Adjustment Yes (Iterative)
Notional Annex None
Connections AISC 14th (360-10): ASD
Cold Formed Steel AISI S100-16: ASD
Stiffness Adjustment Yes (Iterative)
Wood AWC NDS-18: ASD
Temperature < 100F
Concrete ACI 318-19
Masonry TMS 402-16: ASD
Aluminum AA ADM1-15: ASD
Structure Type Building
Stiffness Adjustment Yes (Iterative)
Stainless AISC 14th (360-10): ASD
Stiffness Adjustment Yes (Iterative)

Concrete
Compression Stress Block Rectangular Stress Block
Analyze using Cracked Sections Yes
Leave room for horizontal rebar splices (2*d bar spacing) Yes
List forces which were ignored for design in the Detail Report Yes

Rebar
Column Min Steel 1
Column Max Steel 8
Rebar Material Spec ASTM A615
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Model Settings (Continued)

Warn if beam-column framing arrangement is not understood No

Shear Reinforcement
Number of Shear Regions 4
Region 2 & 3 Spacing Increase Increment (in) 4

Seismic
RISA-3D Seismic Load Options

Code ASCE 7-16
Risk Category I or II
Drift Cat Other
Base Elevation (ft)
Include the weight of the structure in base shear calcs Yes

Site Parameters
S1 (g) 1
SD1 (g) 1
SDS (g) 1
TL (sec) 5

Structure Characteristics
T Z (sec)
T X (sec)
CtX 0.02
CtExp. Z 0.75
CtExp. X 0.75
R Z 3
R X 3
Ω0Z 1
Ω0X 1
CdZ 4
CdX 4
ρ Z 1
ρ X 1
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Node Coordinates
Label X [ft] Y [ft] Z [ft] Detach From Diaphragm

1 N2 0.709561 7.867119 0
2 N3 13.964911 8.2789 0
3 N4 13.191617 8.460171 0
4 N5 12.996477 8.499721 0
5 N6 12.492612 8.601843 0
6 N7 11.789896 8.722772 0
7 N8 11.083895 8.822891 0
8 N9 10.375142 8.902121 0
9 N10 9.664405 8.960372 0

10 N11 8.952411 8.997593 0
11 N12 8.239454 9.01377 0
12 N13 7.52631 9.008875 0
13 N14 6.813757 8.982918 0
14 N15 6.102226 8.935918 0
15 N16 5.392305 8.86791 0
16 N17 4.684768 8.778965 0
17 N18 3.980283 8.669175 0
18 N19 3.756128 8.627424 0
19 N20 3.279194 8.538592 0
20 N21 2.582262 8.387352 0
21 N22 1.890223 8.215617 0
22 N23 1.203913 8.023613 0
23 N24 0.842727 7.913189 0
24 N25 0.717749 10.299381 0
25 N26 1.195249 10.2886 0
26 N27 1.720028 10.257073 0
27 N28 2.243279 10.204501 0
28 N29 2.763961 10.130983 0
29 N30 3.281316 10.036627 0
30 N31 3.794415 9.921602 0
31 N32 4.302541 9.78607 0
32 N33 4.804756 9.63028 0
33 N34 5.299743 9.45467 0
34 N40 5.502786 9.376363 0
35 N41 6.430773 8.95762 0
36 N44 0 10.647485 0
37 N45 0 0 0
38 N46 0.626983 10.299406 0
39 N47 0 10.299406 0
40 N48 11.663294 8.740725 0
41 N49 11.378549 8.781106 0
42 N51 0 7.621065 0

Node Boundary Conditions
Node Label X [k/in] Y [k/in] Z [k/in] X Rot [k-ft/rad] Y Rot [k-ft/rad] Z Rot [k-ft/rad]

1 N45 Reaction Reaction Reaction Reaction Reaction Reaction

Hot Rolled Steel Properties
Label E [psi] G [psi] Nu Therm. Coeff. [1e⁵°F⁻¹] Density [k/ft³] Yield [psi] Ry Fu [psi] Rt

1 A992 2.9e+07 1.115e+07 0.3 0.65 0.49 49999.999 1.1 64999.999 1.1
2 A36 Gr.36 2.9e+07 1.115e+07 0.3 0.65 0.49 36000 1.5 58000 1.2
3 A572 Gr.50 2.9e+07 1.115e+07 0.3 0.65 0.49 49999.999 1.1 64999.999 1.1
4 A500 Gr.B RND 2.9e+07 1.115e+07 0.3 0.65 0.527 42000 1.4 58000 1.3
5 A500 Gr.B RECT 2.9e+07 1.115e+07 0.3 0.65 0.527 46000 1.4 58000 1.3
6 A500 Gr.C RND 2.9e+07 1.115e+07 0.3 0.65 0.527 46000 1.4 62000 1.3
7 A500 Gr.C RECT 2.9e+07 1.115e+07 0.3 0.65 0.527 50000 1.4 62000 1.3
8 A53 Gr.B 2.9e+07 1.115e+07 0.3 0.65 0.49 35000 1.6 60000 1.2
9 A1085 2.9e+07 1.115e+07 0.3 0.65 0.49 50000 1.4 65000 1.3

10 A913 Gr.65 2.9e+07 1.115e+07 0.3 0.65 0.49 65000 1.1 80000 1.1
11 A500 Gr.42 2.9e+07 1.115e+07 0.3 0.65 0.49 42000.001 1.4 58000 1.3
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Hot Rolled Steel Properties (Continued)
Label E [psi] G [psi] Nu Therm. Coeff. [1e⁵°F⁻¹] Density [k/ft³] Yield [psi] Ry Fu [psi] Rt

12 A500 Gr.46 2.9e+07 1.115e+07 0.3 0.65 0.49 46000.001 1.4 58000 1.3
13 A53 Gr. B 2.9e+07 1.115e+07 0.3 0.65 0.49 35000.001 1.5 60000 1.2
14 A500 Gr. 50 2.9e+07 1.115e+07 0.3 0.65 0.49 49999.999 1.5 58000 1.2

Hot Rolled Steel Section Sets
Label Shape Type Design List Material Design Rule Area [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]

1 HR1 W10X33 Beam Wide Flange A992 Typical 9.71 36.6 171 0.583

Hot Rolled Steel Design Parameters
Label Shape Length [ft] Lb y-y [ft] Lb z-z [ft] Lcomp top [ft] Lcomp bot [ft] L-Torque [ft] Function

1 M2 HSS3.500X0.216 0.751 0 0 0 0 0 Lateral
2 M3 HSS3.500X0.216 0.794 0 0 0 0 0 Lateral
3 M4 HSS3.500X0.216 0.199 0 0 0 0 0 Lateral
4 M5 HSS3.500X0.216 0.514 0 0 0 0 0 Lateral
5 M6 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
6 M7 HSS3.500X0.216 0.128 0 0 0 0 0 Lateral
7 M8 HSS3.500X0.216 0.298 0 0 0 0 0 Lateral
8 M9 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
9 M10 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral

10 M11 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
11 M12 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
12 M13 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
13 M14 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
14 M15 HSS3.500X0.216 0.384 0 0 0 0 0 Lateral
15 M16 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
16 M17 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
17 M18 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
18 M19 HSS3.500X0.216 0.228 0 0 0 0 0 Lateral
19 M20 HSS3.500X0.216 0.485 0 0 0 0 0 Lateral
20 M21 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
21 M22 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
22 M23 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
23 M24 HSS3.500X0.216 0.378 0 0 0 0 0 Lateral
24 M25 HSS3.500X0.216 0.478 0 0 0 0 0 Lateral
25 M26 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
26 M27 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
27 M28 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
28 M29 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
29 M30 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
30 M31 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
31 M32 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
32 M33 HSS3.500X0.216 0.525 0 0 0 0 0 Lateral
33 M34 HSS3.500X0.216 0.218 0 0 0 0 0 Lateral
34 M35 HSS3.500X0.216 1.018 0 0 0 0 0 Lateral
35 M37 HSS3.500X0.216 0.627 0 0 0 0 0 Lateral
36 M38 HSS3.500X0.216 0.288 0 0 0 0 0 Lateral
37 M78 HSS3.500X0.216 0.091 0 0 0 0 0 Lateral
38 M84 HSS3.500X0.216 0.141 0 0 0 0 0 Lateral
39 M89 HSS3.500X0.216 0.329 0 0 0 0 0 Lateral
40 M44 HSS6.625X0.280 10.647 0 0 0 0 0 Lateral

Node Loads and Enforced Displacements (BLC 1 : DL)
Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/ft, lb*s²*ft)]

1 N51 L Y -233.174
2 N51 L MZ 291.467
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Node Loads and Enforced Displacements (BLC 5 : ELz)
Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/ft, lb*s²*ft)]

1 N51 L Z 19.898

Node Loads and Enforced Displacements (BLC 6 : ELx)
Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/ft, lb*s²*ft)]

1 N51 L X 19.898

Node Loads and Enforced Displacements (BLC 7 : ELy)
Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/ft, lb*s²*ft)]

1 N51 L Y -4.974

Node Loads and Enforced Displacements (BLC 8 : WL-Lat (w/ice))
Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/ft, lb*s²*ft)]

1 N51 L Z 6.578
2 N51 L MY 8.222

Node Loads and Enforced Displacements (BLC 9 : DL-Ice)
Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/ft, lb*s²*ft)]

1 N51 L Y -150.518
2 N51 L MZ 188.147

Node Loads and Enforced Displacements (BLC 10 : SL)
Node Label L, D, M Direction Magnitude [(lb, lb-ft), (in, rad), (lb*s²/ft, lb*s²*ft)]

1 N51 L Y -78.134
2 N51 L MZ 97.668

Member Point Loads (BLC 3 : WL-A)
Member Label Direction Magnitude [lb, lb-ft] Location [(ft, %)]

1 M44 X -125.092 9.25

Member Point Loads (BLC 4 : WL-B)
Member Label Direction Magnitude [lb, lb-ft] Location [(ft, %)]

1 M44 X -125.092 9.25

Member Point Loads (BLC 11 : WL-A (ice))
Member Label Direction Magnitude [lb, lb-ft] Location [(ft, %)]

1 M44 X -25.627 9.25

Member Point Loads (BLC 12 : WA180)
Member Label Direction Magnitude [lb, lb-ft] Location [(ft, %)]

1 M44 X 125.092 9.25

Member Point Loads (BLC 13 : WB180)
Member Label Direction Magnitude [lb, lb-ft] Location [(ft, %)]

1 M44 X 125.092 9.25

Member Distributed Loads (BLC 1 : DL)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M2 Y -19.308 -19.308 0 0.751
2 M3 Y -19.308 -19.308 0 0.794
3 M4 Y -19.308 -19.308 0 0.199
4 M5 Y -19.308 -19.308 0 0.514
5 M6 Y -19.308 -19.308 0 0.713
6 M7 Y -19.308 -19.308 0 0.128
7 M8 Y -19.308 -19.308 0 0.298
8 M9 Y -19.308 -19.308 0 0.713
9 M10 Y -19.308 -19.308 0 0.713
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Member Distributed Loads (BLC 1 : DL) (Continued)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

10 M11 Y -19.308 -19.308 0 0.713
11 M12 Y -19.308 -19.308 0 0.713
12 M13 Y -19.308 -19.308 0 0.713
13 M14 Y -19.308 -19.308 0 0.713
14 M15 Y -19.308 -19.308 0 0.384
15 M16 Y -19.308 -19.308 0 0.713
16 M17 Y -19.308 -19.308 0 0.713
17 M18 Y -19.308 -19.308 0 0.713
18 M19 Y -19.308 -19.308 0 0.228
19 M20 Y -19.308 -19.308 0 0.485
20 M21 Y -19.308 -19.308 0 0.713
21 M22 Y -19.308 -19.308 0 0.713
22 M23 Y -19.308 -19.308 0 0.713
23 M24 Y -19.308 -19.308 0 0.378
24 M38 Y -19.308 -19.308 0 0.288
25 M84 Y -19.308 -19.308 0 0.141
26 M89 Y -19.308 -19.308 0 0.329

Member Distributed Loads (BLC 2 : Lr)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M2 Y -62.5 -62.5 0 0.751
2 M3 Y -62.5 -62.5 0 0.794
3 M4 Y -62.5 -62.5 0 0.199
4 M5 Y -62.5 -62.5 0 0.514
5 M6 Y -62.5 -62.5 0 0.713
6 M7 Y -62.5 -62.5 0 0.128
7 M8 Y -62.5 -62.5 0 0.298
8 M9 Y -62.5 -62.5 0 0.713
9 M10 Y -62.5 -62.5 0 0.713

10 M11 Y -62.5 -62.5 0 0.713
11 M12 Y -62.5 -62.5 0 0.713
12 M13 Y -62.5 -62.5 0 0.713
13 M14 Y -62.5 -62.5 0 0.713
14 M15 Y -62.5 -62.5 0 0.384
15 M16 Y -62.5 -62.5 0 0.713
16 M17 Y -62.5 -62.5 0 0.713
17 M18 Y -62.5 -62.5 0 0.713
18 M19 Y -62.5 -62.5 0 0.228
19 M20 Y -62.5 -62.5 0 0.485
20 M21 Y -62.5 -62.5 0 0.713
21 M22 Y -62.5 -62.5 0 0.713
22 M23 Y -62.5 -62.5 0 0.713
23 M24 Y -62.5 -62.5 0 0.378
24 M38 Y -62.5 -62.5 0 0.288
25 M84 Y -62.5 -62.5 0 0.141
26 M89 Y -62.5 -62.5 0 0.329

Member Distributed Loads (BLC 3 : WL-A)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M2 y -12.057 -12.057 0 0.751
2 M84 y -12.057 -12.057 0 0.141
3 M24 y -12.057 -12.057 0 0.378
4 M23 y -12.057 -12.057 0 0.713
5 M22 y -12.057 -12.057 0 0.713
6 M21 y -12.057 -12.057 0 0.713
7 M20 y -12.057 -12.057 0 0.485
8 M19 y -12.057 -12.057 0 0.228
9 M18 y -12.057 -12.057 0 0.713

10 M17 y -12.057 -12.057 0 0.713
11 M16 y -12.057 -12.057 0 0.713
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Member Distributed Loads (BLC 3 : WL-A) (Continued)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

12 M89 y -12.057 -12.057 0 0.329
13 M15 y -12.057 -12.057 0 0.384
14 M14 y -12.057 -12.057 0 0.713
15 M13 y -48.228 -48.228 0 0.713
16 M12 y -48.228 -48.228 0 0.713
17 M11 y -48.228 -48.228 0 0.713
18 M10 y -48.228 -48.228 0 0.713
19 M9 y -48.228 -48.228 0 0.713
20 M8 y -48.228 -48.228 0 0.298
21 M38 y -48.228 -48.228 0 0.288
22 M7 y -48.228 -48.228 0 0.128
23 M6 y -48.228 -48.228 0 0.713
24 M5 y -48.228 -48.228 0 0.514
25 M4 y -48.228 -48.228 0 0.199
26 M3 y -48.228 -48.228 0 0.794
27 M44 X -11.05 -11.05 0 10.647

Member Distributed Loads (BLC 4 : WL-B)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M2 y 4.019 4.019 0 0.751
2 M84 y 4.019 4.019 0 0.141
3 M24 y 4.019 4.019 0 0.378
4 M23 y 4.019 4.019 0 0.713
5 M22 y 4.019 4.019 0 0.713
6 M21 y 4.019 4.019 0 0.713
7 M20 y 4.019 4.019 0 0.485
8 M19 y 4.019 4.019 0 0.228
9 M18 y 4.019 4.019 0 0.713

10 M17 y 4.019 4.019 0 0.713
11 M16 y 4.019 4.019 0 0.713
12 M89 y 4.019 4.019 0 0.329
13 M15 y 4.019 4.019 0 0.384
14 M14 y 4.019 4.019 0 0.713
15 M13 y 44.209 44.209 0 0.713
16 M12 y 44.209 44.209 0 0.713
17 M11 y 44.209 44.209 0 0.713
18 M10 y 44.209 44.209 0 0.713
19 M9 y 44.209 44.209 0 0.713
20 M8 y 44.209 44.209 0 0.298
21 M38 y 44.209 44.209 0 0.288
22 M7 y 44.209 44.209 0 0.128
23 M6 y 44.209 44.209 0 0.713
24 M5 y 44.209 44.209 0 0.514
25 M4 y 44.209 44.209 0 0.199
26 M3 y 44.209 44.209 0 0.794
27 M44 X -11.05 -11.05 0 10.647

Member Distributed Loads (BLC 5 : ELz)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M2 Z 1.648 1.648 0 0.751
2 M3 Z 1.648 1.648 0 0.794
3 M24 Z 1.648 1.648 0 0.378
4 M84 Z 1.648 1.648 0 0.141
5 M23 Z 1.648 1.648 0 0.713
6 M22 Z 1.648 1.648 0 0.713
7 M21 Z 1.648 1.648 0 0.713
8 M20 Z 1.648 1.648 0 0.485
9 M19 Z 1.648 1.648 0 0.228

10 M18 Z 1.648 1.648 0 0.713
11 M17 Z 1.648 1.648 0 0.713
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Member Distributed Loads (BLC 5 : ELz) (Continued)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

12 M16 Z 1.648 1.648 0 0.713
13 M89 Z 1.648 1.648 0 0.329
14 M15 Z 1.648 1.648 0 0.384
15 M14 Z 1.648 1.648 0 0.713
16 M13 Z 1.648 1.648 0 0.713
17 M12 Z 1.648 1.648 0 0.713
18 M11 Z 1.648 1.648 0 0.713
19 M10 Z 1.648 1.648 0 0.713
20 M9 Z 1.648 1.648 0 0.713
21 M8 Z 1.648 1.648 0 0.298
22 M38 Z 1.648 1.648 0 0.288
23 M7 Z 1.648 1.648 0 0.128
24 M6 Z 1.648 1.648 0 0.713
25 M5 Z 1.648 1.648 0 0.514
26 M4 Z 1.648 1.648 0 0.199

Member Distributed Loads (BLC 6 : ELx)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M2 X 1.648 1.648 0 0.751
2 M3 X 1.648 1.648 0 0.794
3 M24 X 1.648 1.648 0 0.378
4 M84 X 1.648 1.648 0 0.141
5 M23 X 1.648 1.648 0 0.713
6 M22 X 1.648 1.648 0 0.713
7 M21 X 1.648 1.648 0 0.713
8 M20 X 1.648 1.648 0 0.485
9 M19 X 1.648 1.648 0 0.228

10 M18 X 1.648 1.648 0 0.713
11 M17 X 1.648 1.648 0 0.713
12 M16 X 1.648 1.648 0 0.713
13 M89 X 1.648 1.648 0 0.329
14 M15 X 1.648 1.648 0 0.384
15 M14 X 1.648 1.648 0 0.713
16 M13 X 1.648 1.648 0 0.713
17 M12 X 1.648 1.648 0 0.713
18 M11 X 1.648 1.648 0 0.713
19 M10 X 1.648 1.648 0 0.713
20 M9 X 1.648 1.648 0 0.713
21 M8 X 1.648 1.648 0 0.298
22 M38 X 1.648 1.648 0 0.288
23 M7 X 1.648 1.648 0 0.128
24 M6 X 1.648 1.648 0 0.713
25 M5 X 1.648 1.648 0 0.514
26 M4 X 1.648 1.648 0 0.199

Member Distributed Loads (BLC 7 : ELy)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M2 Y -0.412 -0.412 0 0.751
2 M3 Y -0.412 -0.412 0 0.794
3 M24 Y -0.412 -0.412 0 0.378
4 M84 Y -0.412 -0.412 0 0.141
5 M23 Y -0.412 -0.412 0 0.713
6 M22 Y -0.412 -0.412 0 0.713
7 M21 Y -0.412 -0.412 0 0.713
8 M20 Y -0.412 -0.412 0 0.485
9 M19 Y -0.412 -0.412 0 0.228

10 M18 Y -0.412 -0.412 0 0.713
11 M17 Y -0.412 -0.412 0 0.713
12 M16 Y -0.412 -0.412 0 0.713
13 M89 Y -0.412 -0.412 0 0.329
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Member Distributed Loads (BLC 7 : ELy) (Continued)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

14 M15 Y -0.412 -0.412 0 0.384
15 M14 Y -0.412 -0.412 0 0.713
16 M13 Y -0.412 -0.412 0 0.713
17 M12 Y -0.412 -0.412 0 0.713
18 M11 Y -0.412 -0.412 0 0.713
19 M10 Y -0.412 -0.412 0 0.713
20 M9 Y -0.412 -0.412 0 0.713
21 M8 Y -0.412 -0.412 0 0.298
22 M38 Y -0.412 -0.412 0 0.288
23 M7 Y -0.412 -0.412 0 0.128
24 M6 Y -0.412 -0.412 0 0.713
25 M5 Y -0.412 -0.412 0 0.514
26 M4 Y -0.412 -0.412 0 0.199

Member Distributed Loads (BLC 8 : WL-Lat (w/ice))
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M44 Z 2.207 2.207 0 10.647
2 M22 Z 1.421 1.421 0 0.713
3 M2 Z 1.421 1.421 0 0.751
4 M23 Z 1.421 1.421 0 0.713
5 M24 Z 1.421 1.421 0 0.378
6 M21 Z 1.421 1.421 0 0.713
7 M20 Z 1.421 1.421 0 0.485
8 M19 Z 1.421 1.421 0 0.228
9 M18 Z 1.421 1.421 0 0.713

10 M17 Z 1.421 1.421 0 0.713
11 M16 Z 1.421 1.421 0 0.713
12 M89 Z 1.421 1.421 0 0.329
13 M15 Z 1.421 1.421 0 0.384
14 M14 Z 1.421 1.421 0 0.713
15 M13 Z 1.421 1.421 0 0.713
16 M12 Z 1.421 1.421 0 0.713
17 M11 Z 1.421 1.421 0 0.713
18 M10 Z 1.421 1.421 0 0.713
19 M9 Z 1.421 1.421 0 0.713
20 M8 Z 1.421 1.421 0 0.298
21 M38 Z 1.421 1.421 0 0.288
22 M7 Z 1.421 1.421 0 0.128
23 M6 Z 1.421 1.421 0 0.713
24 M5 Z 1.421 1.421 0 0.514
25 M4 Z 1.421 1.421 0 0.199
26 M3 Z 1.421 1.421 0 0.794
27 M35 Z 1.421 1.421 0 1.018
28 M34 Z 1.421 1.421 0 0.218
29 M33 Z 1.421 1.421 0 0.525
30 M32 Z 1.421 1.421 0 0.526
31 M31 Z 1.421 1.421 0 0.526
32 M30 Z 1.421 1.421 0 0.526
33 M37 Z 1.421 1.421 0 0.627
34 M78 Z 1.421 1.421 0 0.091
35 M25 Z 1.421 1.421 0 0.478
36 M26 Z 1.421 1.421 0 0.526
37 M27 Z 1.421 1.421 0 0.526
38 M28 Z 1.421 1.421 0 0.526
39 M29 Z 1.421 1.421 0 0.526
40 M84 Z 1.421 1.421 0 0.141
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Member Distributed Loads (BLC 9 : DL-Ice)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M2 Y -76.089 -76.089 0 0.751
2 M3 Y -76.089 -76.089 0 0.794
3 M4 Y -76.089 -76.089 0 0.199
4 M5 Y -76.089 -76.089 0 0.514
5 M6 Y -76.089 -76.089 0 0.713
6 M7 Y -76.089 -76.089 0 0.128
7 M8 Y -76.089 -76.089 0 0.298
8 M9 Y -76.089 -76.089 0 0.713
9 M10 Y -76.089 -76.089 0 0.713

10 M11 Y -76.089 -76.089 0 0.713
11 M12 Y -76.089 -76.089 0 0.713
12 M13 Y -76.089 -76.089 0 0.713
13 M14 Y -76.089 -76.089 0 0.713
14 M15 Y -76.089 -76.089 0 0.384
15 M16 Y -76.089 -76.089 0 0.713
16 M17 Y -76.089 -76.089 0 0.713
17 M18 Y -76.089 -76.089 0 0.713
18 M19 Y -76.089 -76.089 0 0.228
19 M20 Y -76.089 -76.089 0 0.485
20 M21 Y -76.089 -76.089 0 0.713
21 M22 Y -76.089 -76.089 0 0.713
22 M23 Y -76.089 -76.089 0 0.713
23 M24 Y -76.089 -76.089 0 0.378
24 M38 Y -76.089 -76.089 0 0.288
25 M84 Y -76.089 -76.089 0 0.141
26 M89 Y -76.089 -76.089 0 0.329
27 M44 Y -10.114 -10.114 0 10.647
28 M37 Y -6.01 -6.01 0 0.627
29 M78 Y -6.01 -6.01 0 0.091
30 M25 Y -6.01 -6.01 0 0.478
31 M26 Y -6.01 -6.01 0 0.526
32 M27 Y -6.01 -6.01 0 0.526
33 M28 Y -6.01 -6.01 0 0.526
34 M29 Y -6.01 -6.01 0 0.526
35 M30 Y -6.01 -6.01 0 0.526
36 M31 Y -6.01 -6.01 0 0.526
37 M32 Y -6.01 -6.01 0 0.526
38 M33 Y -6.01 -6.01 0 0.525
39 M34 Y -6.01 -6.01 0 0.218
40 M35 Y -6.01 -6.01 0 1.018

Member Distributed Loads (BLC 10 : SL)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M25 Y -2.521 -2.521 0 0.478
2 M26 Y -2.521 -2.521 0 0.526
3 M27 Y -2.521 -2.521 0 0.526
4 M28 Y -2.521 -2.521 0 0.526
5 M29 Y -2.521 -2.521 0 0.526
6 M30 Y -2.521 -2.521 0 0.526
7 M31 Y -2.521 -2.521 0 0.526
8 M32 Y -2.521 -2.521 0 0.526
9 M33 Y -2.521 -2.521 0 0.525

10 M34 Y -2.521 -2.521 0 0.218
11 M35 Y -2.521 -2.521 0 1.018
12 M37 Y -2.521 -2.521 0 0.627
13 M78 Y -2.521 -2.521 0 0.091
14 M2 Y -26.119 -26.119 0 0.751
15 M3 Y -26.119 -26.119 0 0.794
16 M4 Y -26.119 -26.119 0 0.199
17 M5 Y -26.119 -26.119 0 0.514
18 M6 Y -26.119 -26.119 0 0.713
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Member Distributed Loads (BLC 10 : SL) (Continued)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

19 M7 Y -26.119 -26.119 0 0.128
20 M8 Y -26.119 -26.119 0 0.298
21 M9 Y -26.119 -26.119 0 0.713
22 M10 Y -26.119 -26.119 0 0.713
23 M11 Y -26.119 -26.119 0 0.713
24 M12 Y -26.119 -26.119 0 0.713
25 M13 Y -26.119 -26.119 0 0.713
26 M14 Y -26.119 -26.119 0 0.713
27 M15 Y -26.119 -26.119 0 0.384
28 M16 Y -26.119 -26.119 0 0.713
29 M17 Y -26.119 -26.119 0 0.713
30 M18 Y -26.119 -26.119 0 0.713
31 M19 Y -26.119 -26.119 0 0.228
32 M20 Y -26.119 -26.119 0 0.485
33 M21 Y -26.119 -26.119 0 0.713
34 M22 Y -26.119 -26.119 0 0.713
35 M23 Y -26.119 -26.119 0 0.713
36 M24 Y -26.119 -26.119 0 0.378
37 M38 Y -26.119 -26.119 0 0.288
38 M84 Y -26.119 -26.119 0 0.141
39 M89 Y -26.119 -26.119 0 0.329

Member Distributed Loads (BLC 11 : WL-A (ice))
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M2 y -3.773 -3.773 0 0.751
2 M84 y -3.773 -3.773 0 0.141
3 M24 y -3.773 -3.773 0 0.378
4 M23 y -3.773 -3.773 0 0.713
5 M22 y -3.773 -3.773 0 0.713
6 M21 y -3.773 -3.773 0 0.713
7 M20 y -3.773 -3.773 0 0.485
8 M19 y -3.773 -3.773 0 0.228
9 M18 y -3.773 -3.773 0 0.713

10 M17 y -3.773 -3.773 0 0.713
11 M16 y -3.773 -3.773 0 0.713
12 M89 y -3.773 -3.773 0 0.329
13 M15 y -3.773 -3.773 0 0.384
14 M14 y -3.773 -3.773 0 0.713
15 M13 y -15.094 -15.094 0 0.713
16 M12 y -15.094 -15.094 0 0.713
17 M11 y -15.094 -15.094 0 0.713
18 M10 y -15.094 -15.094 0 0.713
19 M9 y -15.094 -15.094 0 0.713
20 M8 y -15.094 -15.094 0 0.298
21 M38 y -15.094 -15.094 0 0.288
22 M7 y -15.094 -15.094 0 0.128
23 M6 y -15.094 -15.094 0 0.713
24 M5 y -15.094 -15.094 0 0.514
25 M4 y -15.094 -15.094 0 0.199
26 M3 y -15.094 -15.094 0 0.794
27 M44 X -2.207 -2.207 0 10.647

Member Distributed Loads (BLC 12 : WA180)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M2 y -48.228 -48.228 0 0.751
2 M84 y -48.228 -48.228 0 0.141
3 M24 y -48.228 -48.228 0 0.378
4 M23 y -48.228 -48.228 0 0.713
5 M22 y -48.228 -48.228 0 0.713
6 M21 y -48.228 -48.228 0 0.713
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Member Distributed Loads (BLC 12 : WA180) (Continued)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

7 M20 y -48.228 -48.228 0 0.485
8 M19 y -48.228 -48.228 0 0.228
9 M18 y -48.228 -48.228 0 0.713

10 M17 y -48.228 -48.228 0 0.713
11 M16 y -48.228 -48.228 0 0.713
12 M89 y -48.228 -48.228 0 0.329
13 M15 y -48.228 -48.228 0 0.384
14 M14 y -48.228 -48.228 0 0.713
15 M13 y -12.057 -12.057 0 0.713
16 M12 y -12.057 -12.057 0 0.713
17 M11 y -12.057 -12.057 0 0.713
18 M10 y -12.057 -12.057 0 0.713
19 M9 y -12.057 -12.057 0 0.713
20 M8 y -12.057 -12.057 0 0.298
21 M38 y -12.057 -12.057 0 0.288
22 M7 y -12.057 -12.057 0 0.128
23 M6 y -12.057 -12.057 0 0.713
24 M5 y -12.057 -12.057 0 0.514
25 M4 y -12.057 -12.057 0 0.199
26 M3 y -12.057 -12.057 0 0.794
27 M44 X 11.05 11.05 0 10.647

Member Distributed Loads (BLC 13 : WB180)
Member LabelDirection Start Magnitude [lb/ft, F, psi, lb-ft/ft] End Magnitude [lb/ft, F, psi, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M2 y 44.209 44.209 0 0.751
2 M84 y 44.209 44.209 0 0.141
3 M24 y 44.209 44.209 0 0.378
4 M23 y 44.209 44.209 0 0.713
5 M22 y 44.209 44.209 0 0.713
6 M21 y 44.209 44.209 0 0.713
7 M20 y 44.209 44.209 0 0.485
8 M19 y 44.209 44.209 0 0.228
9 M18 y 44.209 44.209 0 0.713

10 M17 y 44.209 44.209 0 0.713
11 M16 y 44.209 44.209 0 0.713
12 M89 y 44.209 44.209 0 0.329
13 M15 y 44.209 44.209 0 0.384
14 M14 y 44.209 44.209 0 0.713
15 M13 y 4.019 4.019 0 0.713
16 M12 y 4.019 4.019 0 0.713
17 M11 y 4.019 4.019 0 0.713
18 M10 y 4.019 4.019 0 0.713
19 M9 y 4.019 4.019 0 0.713
20 M8 y 4.019 4.019 0 0.298
21 M38 y 4.019 4.019 0 0.288
22 M7 y 4.019 4.019 0 0.128
23 M6 y 4.019 4.019 0 0.713
24 M5 y 4.019 4.019 0 0.514
25 M4 y 4.019 4.019 0 0.199
26 M3 y 4.019 4.019 0 0.794
27 M44 X 11.05 11.05 0 10.647

Basic Load Cases
BLC Description Category X Gravity Y Gravity Z Gravity Nodal Point Distributed

1 DL None -1 2 26
2 Lr LL 26
3 WL-A None 1 27
4 WL-B None 1 27
5 ELz None 0.09 1 26
6 ELx None 0.09 1 26
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Basic Load Cases (Continued)
BLC Description Category X Gravity Y Gravity Z Gravity Nodal Point Distributed

7 ELy None -0.02 1 26
8 WL-Lat (w/ice) None 2 40
9 DL-Ice None 2 40

10 SL None 2 39
11 WL-A (ice) None 1 27
12 WA180 None 1 27
13 WB180 None 1 27

Load Combinations
Description Solve PDelta BLC Factor BLC Factor BLC Factor BLC Factor

1 D Yes C 1 1
2 D+Lr Yes C 1 1 2 1
3 D + S Yes C 1 1 10 1
4 D+0.6*WA Yes C 1 1 3 0.6
5 D + 0.6WA180 Yes C 1 1 12 0.6
6 0.6*D+0.6*WB Yes C 1 0.6 4 0.6
7 0.6D + 0.6WB180 Yes C 1 0.6 13 0.6
8 D+0.45*WA+0.75*Lr Yes C 1 1 3 0.45 2 0.75
9 D+0.45*WA+0.75*S Yes C 1 1 3 0.45 10 0.75

10 D+0.45WA180+0.75Lr Yes C 1 1 12 0.45 2 0.75
11 D+0.45WA180+0.75S Yes C 1 1 12 0.45 10 0.75
12 D +0.7ELx + 0.7ELy Yes C 1 1 6 0.7 7 0.7
13 D+0.7ELz+0.7ELy Yes C 1 1 5 0.7 7 0.7
14 0.6D-0.7ELx-0.7ELy Yes C 1 0.6 6 -0.7 7 -0.7
15 0.6D-0.7ELz-0.7ELy Yes C 1 0.6 5 -0.7 7 -0.7
16 D+0.7Di+0.7WL-Lat+S Yes C 1 1 9 0.7 8 0.7 10 1
17 D+0.7Di+0.7WA(ice)+S Yes C 1 1 9 0.7 11 0.7 10 1
18 1.4*D Yes C 1 1.4
19 1.2D+1.6Lr+0.5WA Yes C 1 1.2 2 1.6 3 0.5
20 1.2D+1.6S+0.5WA Yes C 1 1.2 10 1.6 3 0.5
21 1.2*D+0.5Lr+WA Yes C 1 1.2 2 0.5 3 1
22 1.2D+0.5S+WA Yes C 1 1.2 10 0.5 3 1
23 0.9*D+WB Yes C 1 0.9 4 1
24 1.2D+ELx+ELy Yes C 1 1.2 6 1 7 1
25 1.2D+ELz+ELy Yes C 1 1.2 5 1 7 1
26 0.9D-ELx-ELy Yes C 1 0.9 6 -1 7 -1
27 0.9D-ELz-ELy Yes C 1 0.9 5 -1 7 -1
28 1.2D+Di+WL-Lat+0.5S Yes C 1 1.2 9 1 8 1 10 0.5
29 1.2D+Di+WA(ice)+0.5S Yes C 1 1.2 9 1 11 1 10 0.5

Load Combination Design
Description Service Hot Rolled Cold Formed Wood Concrete Masonry Aluminum Stainless Connection

1 D Yes
2 D+Lr Yes
3 D + S Yes
4 D+0.6*WA Yes
5 D + 0.6WA180 Yes
6 0.6*D+0.6*WB Yes
7 0.6D + 0.6WB180 Yes
8 D+0.45*WA+0.75*Lr Yes
9 D+0.45*WA+0.75*S Yes

10 D+0.45WA180+0.75Lr Yes
11 D+0.45WA180+0.75S Yes
12 D +0.7ELx + 0.7ELy Yes
13 D+0.7ELz+0.7ELy Yes
14 0.6D-0.7ELx-0.7ELy Yes
15 0.6D-0.7ELz-0.7ELy Yes
16 D+0.7Di+0.7WL-Lat+S Yes
17 D+0.7Di+0.7WA(ice)+S Yes
18 1.4*D

             Page 43 

Job. No. 25-0593
9/23/25
By: CS

Check by: JL, SE

This letter and all associated reference sheets are not valid or authorized for use by SML – Consulting Structural & Forensic Engineers unless it
 is accompanied by a digitally signed and traditionally sealed, non-expired signature sheet bearing the same publication date indicated above.



RISA-3D Version 19 [ Half Palm - Trellis.r3d ] Page 14

Load Combination Design (Continued)
Description Service Hot Rolled Cold Formed Wood Concrete Masonry Aluminum Stainless Connection

19 1.2D+1.6Lr+0.5WA
20 1.2D+1.6S+0.5WA
21 1.2*D+0.5Lr+WA
22 1.2D+0.5S+WA
23 0.9*D+WB
24 1.2D+ELx+ELy
25 1.2D+ELz+ELy
26 0.9D-ELx-ELy
27 0.9D-ELz-ELy
28 1.2D+Di+WL-Lat+0.5S
29 1.2D+Di+WA(ice)+0.5S

Envelope Maximum Member Section Forces

Member Axial[lb] Loc[ft]LCy Shear[lb]Loc[ft]LCz Shear[lb]Loc[ft]LCTorque[lb-ft]Loc[ft]LCy-y Moment[lb-ft]Loc[ft]LCz-z Moment[lb-ft]Loc[ft]LC
1 M2 max 4696.47 0.75117 450.242 0 17 16.228 0.75115 21.962 0.75113 92.228 0.75115 268.244 0 16
2 min -156.058 0 6 -97.242 0.751 6 -16.316 0.75113 -21.45 0 15 -94.233 0.75113 -121.588 0.751 4
3 M3 max 0 0 17 8.826 0.794 6 1.27 0.79415 0 0.79417 0.504 0.79415 35.814 0.79417
4 min -19.173 0.79416 -90.181 0.79417 -1.27 0.79413 0 0 1 -0.504 0.79413 -3.505 0.794 6
5 M4 max -1.192 0 14 10.927 0.199 6 1.589 0.19915 0.015 0.19913 0.789 0.19915 56.141 0.19917
6 min -20.87 0.19916 -113.464 0.19917 -1.589 0.19913 -0.015 0 15 -0.789 0.19913 -5.462 0.199 6
7 M5 max -1.49 0 14 16.587 0.514 6 2.411 0.51415 0.015 0.51413 1.817 0.51415 129.569 0.51417
8 min -31.671 0.51416 -172.188 0.51417 -2.411 0.51413 -0.015 0 15 -1.817 0.51413 -12.535 0.514 6
9 M6 max -1.573 0 14 24.21 0.713 6 3.551 0.71315 0.069 0.71313 3.941 0.71315 282.139 0.71317

10 min -39.831 0.71316 -254.899 0.71317 -3.551 0.71313 -0.069 0 15 -3.941 0.71313 -27.021 0.713 6
11 M7 max -1.299 0 14 25.357 0.128 6 3.756 0.12815 0.185 0.12813 4.405 0.12815 315.809 0.12817
12 min -34.875 0.12816 -270.685 0.12817 -3.756 0.12813 -0.185 0 15 -4.405 0.12813 -30.174 0.128 6
13 M8 max -1.542 0 14 31.707 0.298 6 4.691 0.29815 0.185 0.29813 6.876 0.29815 493.953 0.29817
14 min -43.565 0.29816 -338.149 0.29817 -4.691 0.29813 -0.185 0 15 -6.876 0.29813 -46.871 0.298 6
15 M9 max -0.371 0 14 39.092 0.713 6 5.832 0.71315 0.388 0.71313 10.62 0.71315 765.31 0.71317
16 min -42.85 0.71316 -421.745 0.71317 -5.832 0.71313 -0.388 0 15 -10.62 0.71313 -72.006 0.713 6
17 M10 max 1.629 0 4 46.376 0.713 6 6.972 0.71315 0.702 0.71313 15.17 0.71315 1096.278 0.71317
18 min -37.668 0.71316 -505.466 0.71317 -6.972 0.71313 -0.702 0 15 -15.17 0.71313 -102.345 0.713 6
19 M11 max 7.19 0 4 53.573 0.713 6 8.113 0.71315 1.15 0.71313 20.52 0.71315 1486.751 0.71317
20 min -28.011 0.71316 -589.094 0.71317 -8.113 0.71313 -1.15 0 15 -20.52 0.71313 -137.817 0.713 6
21 M12 max 14.465 0 4 60.697 0.713 6 9.253 0.71315 1.756 0.71313 26.669 0.71315 1936.738 0.71317
22 min -18.121 0.713 6 -672.465 0.71317 -9.253 0.71313 -1.756 0 15 -26.669 0.71313 -178.382 0.713 6
23 M13 max 23.579 0.713 4 67.762 0.713 6 10.395 0.71315 2.543 0.71313 33.612 0.71315 2446.419 0.71317
24 min -19.906 0 6 -756.16 0.71317 -10.396 0.71313 -2.543 0 15 -33.613 0.71313 -223.988 0.713 6
25 M14 max 40.154 0.713 8 67.147 0 6 11.541 0.71315 3.535 0.71313 41.345 0.71315 3013.543 0.71317
26 min -21.822 0 6 -834.001 0.71317 -11.547 0.71313 -3.535 0 15 -41.349 0.71313 -268.457 0.713 6
27 M15 max 65.188 0.38417 56.928 0 6 12.161 0.38415 4.755 0.38413 45.772 0.38415 3341.512 0.38417
28 min -23.103 0 6 -875.251 0.38417 -12.172 0.38413 -4.754 0 15 -45.781 0.38413 -289.321 0.384 6
29 M16 max4636.7290.71317 25.139 0 6 7.887 0.71315 8.957 0.71313 28.526 0.71315 759.437 0.71317
30 min -182.021 0 6 -209.988 0.71317 -9.764 0.71316 -8.751 0 15 -28.849 0.71313 -113.066 0.713 6
31 M17 max4643.7320.71317 10.267 0 6 8.995 0.71315 9.805 0.71313 34.263 0.71315 832.873 0.71317
32 min -181.327 0 6 -141.341 0.71317 -10.316 0.71316 -9.59 0 15 -34.925 0.71313 -117.006 0.713 6
33 M18 max4651.1570.71317 20.831 0 10 10.095 0.71315 10.833 0.71313 40.756 0.71315 856.528 0.71317
34 min -179.863 0 6 -71.375 0.71317 -10.793 0.71316 -10.598 0 15 -41.734 0.71313 -117.006 0 6
35 M19 max4649.5870.22817 75.182 0 8 10.43 0.22815 12.061 0.22813 42.762 0.22815 856.528 0 17
36 min -177.635 0 6 -22.219 0.228 6 -10.858 0.22813 -11.798 0 15 -43.83 0.22813 -110.413 0 6
37 M20 max4658.9830.48517 60.415 0 8 11.175 0.48515 12.061 0.48513 47.995 0.48515 842.8 0 17
38 min -176.974 0 6 -28.6 0.485 6 -11.579 0.48513 -11.798 0 15 -49.259 0.48513 -105.689 0 6
39 M21 max4667.1780.71317 146.144 0 17 12.264 0.71315 13.511 0.71313 55.965 0.71315 829.836 0 17
40 min -174.646 0 6 -43.088 0.713 6 -12.627 0.71313 -13.211 0 15 -57.479 0.71313 -93.362 0 6
41 M22 max4675.7070.71317 216.604 0 17 13.33 0.71315 15.203 0.71313 64.648 0.71315 752.569 0 17
42 min -170.904 0 6 -57.395 0.713 6 -13.635 0.71313 -14.858 0 15 -66.37 0.71313 -65.955 0 6
43 M23 max4684.5250.71317 286.331 0 17 14.383 0.71315 17.157 0.71313 74.025 0.71315 624.891 0 17
44 min -166.416 0 6 -71.485 0.713 6 -14.618 0.71313 -16.761 0 15 -75.904 0.71313 -28.324 0 6
45 M24 max4685.6990.37817 327.735 0 17 14.912 0.37815 18.967 0.37813 79.121 0.37815 447.37 0 17
46 min -161.62 0 6 -80.178 0.378 6 -15.087 0.37813 -18.527 0 15 -81.056 0.37813 -24.842 0.378 7
47 M25 max 159.189 0.478 6 535.49 0 17 9.58 0 15 4.117 0.47813 73.346 0 13 46.674 0 6
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Envelope Maximum Member Section Forces (Continued)
Member Axial[lb] Loc[ft]LCy Shear[lb]Loc[ft]LCz Shear[lb]Loc[ft]LCTorque[lb-ft]Loc[ft]LCy-y Moment[lb-ft]Loc[ft]LCz-z Moment[lb-ft]Loc[ft]LC

48 min -4622.75 0 17 19.907 0.478 6 -10.94 0 16 -3.996 0 15 -71.517 0 15 -224.543 0.47817
49 M26 max 158.45 0.526 6 355.542 0 17 9.367 0 15 1.544 0.52613 68.792 0 13 36.681 0 6
50 min-4639.156 0 17 6.241 0.526 7 -10.464 0 16 -1.487 0 15 -67.095 0 15 -409.556 0.52617
51 M27 max 157.581 0.526 6 161.906 0 17 9.132 0 15 1.011 0.52615 63.79 0 13 23.671 0 6
52 min -4648.96 0 17 -8.569 0.526 7 -9.941 0 16 -1.055 0 16 -62.242 0 15 -492.801 0.52617
53 M28 max 156.636 0.526 6 34.063 0 6 8.898 0 15 3.318 0.52615 58.811 0 13 8.489 0 6
54 min-4650.697 0 17 -50.087 0.526 8 -9.418 0 16 -3.379 0 13 -57.414 0 15 -492.801 0 17
55 M29 max 155.617 0.526 6 38.11 0 6 8.663 0 15 5.433 0.52615 53.866 0 13 -3.969 0.526 7
56 min-4644.369 0 17 -232.78 0.52617 -8.948 0 13 -5.544 0 13 -52.621 0 15 -474.119 0 17
57 M30 max 154.523 0.526 6 42.122 0 6 8.429 0 15 7.36 0.52615 48.96 0 13 23.162 0.526 7
58 min-4629.989 0 17 -425.958 0.52617 -8.713 0 13 -7.515 0 13 -47.87 0 15 -353.581 0 17
59 M31 max 153.355 0.526 6 46.099 0 6 8.194 0 15 9.099 0.52615 44.102 0 13 191.865 0.52617
60 min-4607.585 0 17 -618.323 0.52617 -8.479 0 13 -9.292 0 13 -43.169 0 15 -133.18 0 16
61 M32 max 152.113 0.526 6 50.041 0 6 7.96 0 15 10.653 0.52615 39.3 0 13 615.719 0.52617
62 min-4577.198 0 17 -809.54 0.52617 -8.244 0 13 -10.877 0 13 -38.525 0 15 -99.31 0.526 6
63 M33 max 150.797 0.525 6 53.949 0 6 7.725 0 15 12.025 0.52515 34.562 0 13 1138.757 0.52517
64 min-4538.885 0 17 -999.272 0.52517 -8.01 0 13 -12.274 0 13 -33.946 0 15 -127.092 0.525 6
65 M34 max 149.653 0.218 6 55.903 0 6 7.491 0 15 12.834 0.21815 30.072 0 13 1383.263 0.21817
66 min-4507.639 0 17-1124.9510.21817 -7.776 0 13 -13.095 0 13 -29.613 0 15 -139.164 0.218 6
67 M35 max 148.102 1.018 6 63.257 0 6 7.394 0 15 14.375 1.01815 27.616 0 13 2789.133 1.01817
68 min-4436.819 0 17-1387.2971.01817 -7.679 0 13 -14.658 0 13 -27.234 0 15 -201.56 1.018 6
69 M37 max 159.607 0.627 6 -18.704 0 6 9.9 0.62715 5.771 0.62713 78.399 0.62715 492.344 0.62717
70 min-4609.485 0 17 -649.608 0.62717 -11.654 0.62716 -5.61 0 15 -80.43 0.62713 -22.349 0 7
71 M38 max -1.374 0 14 28.478 0.288 6 4.216 0.28815 0.185 0.28813 5.551 0.28815 398.424 0.28817
72 min -39.146 0.28816 -303.84 0.28817 -4.216 0.28813 -0.185 0 15 -5.551 0.28813 -37.916 0.288 6
73 M78 max 159.607 0.091 6 640.952 0 17 9.62 0 15 5.771 0.09113 74.132 0 13 91.593 0 16
74 min-4609.485 0 17 18.328 0.091 6 -11.03 0 16 -5.61 0 15 -72.28 0 15 -25.026 0.091 7
75 M84 max4670.889 0 17 87.706 0 6 15.102 0 15 21.902 0.14113 82.446 0 13 330.991 0.14117
76 min -156.851 0.141 6 -460.582 0.14117 -15.25 0 13 -21.391 0 15 -80.507 0 15 -38.703 0 7
77 M89 max4630.1690.32917 34.913 0 6 6.763 0.32915 8.265 0.32913 23.557 0.32915 637.126 0.32917
78 min -181.542 0 6 -275.193 0.32917 -9.113 0.32916 -8.059 0 15 -23.522 0.32913 -98.532 0.329 6
79 M44 max2360.425 0 17 4636.279 10.20417 51.622 0 15 176.657 7.54213 399.089 0 13 12728.678 7.65317
80 min 0 10.647 1 -254.629 7.653 6 -51.754 0 13 -172.564 0 15 -397.176 0 15 -1362.523 0 6

Envelope AISC 15TH (360-16): ASD Member Steel Code Checks
Member Shape Code CheckLoc[ft]LCShear CheckLoc[ft]LCPnc/om [lb]Pnt/om [lb]Mnyy/om [lb-ft]Mnzz/om [lb-ft] Cb Eqn

1 M2 HSS3.500X0.216 0.086 0 17 0.024 0 16 62275.448 62275.448 5464.072 5464.072 1.928H1-1b
2 M3 HSS3.500X0.216 0.007 0.79417 0.005 0.79417 62275.448 62275.448 5464.072 5464.072 2.326H1-1b
3 M4 HSS3.500X0.216 0.01 0.19917 0.006 0.19917 62275.448 62275.448 5464.072 5464.072 1.179H1-1b
4 M5 HSS3.500X0.216 0.024 0.51417 0.009 0.51417 62275.448 62275.448 5464.072 5464.072 1.327H1-1b
5 M6 HSS3.500X0.216 0.052 0.71317 0.014 0.71317 62275.448 62275.448 5464.072 5464.072 1.305H1-1b
6 M7 HSS3.500X0.216 0.058 0.12817 0.014 0.12817 62275.448 62275.448 5464.072 5464.072 1.045H1-1b
7 M8 HSS3.500X0.216 0.091 0.29817 0.018 0.29817 62275.448 62275.448 5464.072 5464.072 1.086H1-1b
8 M9 HSS3.500X0.216 0.14 0.71317 0.023 0.71317 62275.448 62275.448 5464.072 5464.072 1.174H1-1b
9 M10 HSS3.500X0.216 0.201 0.71317 0.027 0.71317 62275.448 62275.448 5464.072 5464.072 1.143H1-1b

10 M11 HSS3.500X0.216 0.272 0.71317 0.032 0.71317 62275.448 62275.448 5464.072 5464.072 1.122H1-1b
11 M12 HSS3.500X0.216 0.355 0.71317 0.036 0.71317 62275.448 62275.448 5464.072 5464.072 1.106H1-1b
12 M13 HSS3.500X0.216 0.448 0.71317 0.04 0.71317 62275.448 62275.448 5464.072 5464.072 1.093H1-1b
13 M14 HSS3.500X0.216 0.552 0.71317 0.045 0.71317 62275.448 62275.448 5464.072 5464.072 1.083H1-1b
14 M15 HSS3.500X0.216 0.612 0.38417 0.047 0.38417 62275.448 62275.448 5464.072 5464.072 1.041H1-1b
15 M16 HSS3.500X0.216 0.176 0.71317 0.011 0.71317 62275.448 62275.448 5464.072 5464.072 1.076H1-1b
16 M17 HSS3.500X0.216 0.19 0.71317 0.008 0.71316 62275.448 62275.448 5464.072 5464.072 1.043H1-1b
17 M18 HSS3.500X0.216 0.194 0.71317 0.005 0.71316 62275.448 62275.448 5464.072 5464.072 1.017H1-1b
18 M19 HSS3.500X0.216 0.194 0 17 0.005 0 16 62275.448 62275.448 5464.072 5464.072 1.007H1-1b
19 M20 HSS3.500X0.216 0.192 0 17 0.004 0 16 62275.448 62275.448 5464.072 5464.072 1.009H1-1b
20 M21 HSS3.500X0.216 0.189 0 17 0.009 0 16 62275.448 62275.448 5464.072 5464.072 1.045H1-1b
21 M22 HSS3.500X0.216 0.175 0 17 0.012 0 16 62275.448 62275.448 5464.072 5464.072 1.08 H1-1b
22 M23 HSS3.500X0.216 0.152 0 17 0.016 0 16 62275.448 62275.448 5464.072 5464.072 1.137H1-1b
23 M24 HSS3.500X0.216 0.119 0 17 0.018 0 16 62275.448 62275.448 5464.072 5464.072 1.12 H1-1b
24 M25 HSS3.500X0.216 0.078 0.47817 0.029 0 17 62275.448 62275.448 5464.072 5464.072 1.824H1-1b
25 M26 HSS3.500X0.216 0.112 0.52617 0.019 0 17 62275.448 62275.448 5464.072 5464.072 1.219H1-1b
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Envelope AISC 15TH (360-16): ASD Member Steel Code Checks (Continued)
Member Shape Code CheckLoc[ft]LCShear CheckLoc[ft]LCPnc/om [lb]Pnt/om [lb]Mnyy/om [lb-ft]Mnzz/om [lb-ft] Cb Eqn

26 M27 HSS3.500X0.216 0.128 0.52617 0.009 0 17 62275.448 62275.448 5464.072 5464.072 1.072H1-1b
27 M28 HSS3.500X0.216 0.128 0 17 0.003 0.526 8 62275.448 62275.448 5464.072 5464.072 1.015H1-1b
28 M29 HSS3.500X0.216 0.124 0 17 0.012 0.52617 62275.448 62275.448 5464.072 5464.072 1.112H1-1b
29 M30 HSS3.500X0.216 0.102 0 17 0.023 0.52617 62275.448 62275.448 5464.072 5464.072 1.334H1-1b
30 M31 HSS3.500X0.216 0.072 0.52617 0.033 0.52617 62275.448 62275.448 5464.072 5464.072 2.213H1-1b
31 M32 HSS3.500X0.216 0.149 0.52617 0.043 0.52617 62275.448 62275.448 5464.072 5464.072 1.381H1-1b
32 M33 HSS3.500X0.216 0.245 0.52517 0.053 0.52517 62275.448 62275.448 5464.072 5464.072 1.225H1-1b
33 M34 HSS3.500X0.216 0.289 0.21817 0.06 0.21817 62275.448 62275.448 5464.072 5464.072 1.076H1-1b
34 M35 HSS3.500X0.216 0.546 1.01817 0.074 1.01817 62275.448 62275.448 5464.072 5464.072 1.253H1-1b
35 M37 HSS3.500X0.216 0.127 0.62717 0.035 0.62717 62275.448 62275.448 5464.072 5464.072 1.492H1-1b
36 M38 HSS3.500X0.216 0.073 0.28817 0.016 0.28817 62275.448 62275.448 5464.072 5464.072 1.093H1-1b
37 M78 HSS3.500X0.216 0.055 0 16 0.034 0 17 62275.448 62275.448 5464.072 5464.072 1.31 H1-1b
38 M84 HSS3.500X0.216 0.098 0.14117 0.025 0.14116 62275.448 62275.448 5464.072 5464.072 1.084H1-1b
39 M89 HSS3.500X0.216 0.154 0.32917 0.015 0.32917 62275.448 62275.448 5464.072 5464.072 1.058H1-1b
40 M44 HSS6.625X0.280 0.488 7.65317 0.099 10.20417155688.621 155688.621 26197.604 26197.604 1.048H1-1b

Node Reactions
LC Node Label X [lb] Y [lb] Z [lb] MX [lb-ft] MY [lb-ft] MZ [lb-ft]

1 1 N45 0 842.863 0 0 0 2546.678
2 1 Totals: 0 842.863 0
3 1 COG (ft): X: 3.268 Y: 7.687 Z: 0
4 2 N45 0 1729.49 0 0 0 9573.359
5 2 Totals: 0 1729.49 0
6 2 COG (ft): X: 5.155 Y: 8.176 Z: 0
7 3 N45 0 1308.259 0 0 0 5322.208
8 3 Totals: 0 1308.259 0
9 3 COG (ft): X: 4.116 Y: 7.982 Z: 0

10 4 N45 156.731 1083.624 0 0 0 3746.034
11 4 Totals: 156.731 1083.624 0
12 4 COG (ft): X: 4.579 Y: 7.919 Z: 0
13 5 N45 -180.525 1107.23 0 0 0 5359.104
14 5 Totals: -180.525 1107.23 0
15 5 COG (ft): X: 3.68 Y: 7.898 Z: 0
16 6 N45 129.631 316.781 0 0 0 -1362.523
17 6 Totals: 129.631 316.781 0
18 6 COG (ft): X: -0.791 Y: 7.045 Z: 0
19 7 N45 -110.595 290.552 0 0 0 1349.492
20 7 Totals: -110.595 290.552 0
21 7 COG (ft): X: 2.529 Y: 7.052 Z: 0
22 8 N45 117.548 1688.404 0 0 0 8792.681
23 8 Totals: 117.548 1688.404 0
24 8 COG (ft): X: 5.349 Y: 8.174 Z: 0
25 9 N45 117.548 1372.48 0 0 0 5575.452
26 9 Totals: 117.548 1372.48 0
27 9 COG (ft): X: 4.65 Y: 8.035 Z: 0
28 10 N45 -135.394 1706.109 0 0 0 9973.323
29 10 Totals: -135.394 1706.109 0
30 10 COG (ft): X: 4.903 Y: 8.162 Z: 0
31 11 N45 -135.394 1390.185 0 0 0 6777.177
32 11 Totals: -135.394 1390.185 0
33 11 COG (ft): X: 4.112 Y: 8.021 Z: 0
34 12 N45 -51.444 855.136 0 0 0 2990.505
35 12 Totals: -51.444 855.136 0
36 12 COG (ft): X: 3.269 Y: 7.687 Z: 0
37 13 N45 0 855.136 -51.444 -399.089 176.657 2589.662
38 13 Totals: 0 855.136 -51.444
39 13 COG (ft): X: 3.269 Y: 7.687 Z: 0
40 14 N45 51.444 493.444 0 0 0 1067.558
41 14 Totals: 51.444 493.444 0
42 14 COG (ft): X: 3.268 Y: 7.687 Z: 0
43 15 N45 0 493.444 51.444 397.176 -172.564 1465.662
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Node Reactions (Continued)
LC Node Label X [lb] Y [lb] Z [lb] MX [lb-ft] MY [lb-ft] MZ [lb-ft]

44 15 Totals: 0 493.444 51.444
45 15 COG (ft): X: 3.268 Y: 7.687 Z: 0
46 16 N45 0 2272.517 -41.774 -322.266 146.161 11633.725
47 16 Totals: 0 2272.517 -41.774
48 16 COG (ft): X: 4.72 Y: 8.119 Z: 0
49 17 N45 38.438 2360.425 0 0 0 12369.216
50 17 Totals: 38.438 2360.425 0
51 17 COG (ft): X: 4.886 Y: 8.142 Z: 0
52 18 N45 0 1180.008 0 0 0 3550.249
53 18 Totals: 0 1180.008 0
54 18 COG (ft): X: 3.268 Y: 7.687 Z: 0
55 19 N45 130.609 2630.674 0 0 0 15313.76
56 19 Totals: 130.609 2630.674 0
57 19 COG (ft): X: 5.703 Y: 8.281 Z: 0
58 20 N45 130.609 1956.703 0 0 0 8458.145
59 20 Totals: 130.609 1956.703 0
60 20 COG (ft): X: 4.78 Y: 8.109 Z: 0
61 21 N45 261.218 1856.017 0 0 0 8421.685
62 21 Totals: 261.218 1856.017 0
63 21 COG (ft): X: 5.423 Y: 8.14 Z: 0
64 22 N45 261.218 1645.401 0 0 0 6379.634
65 22 Totals: 261.218 1645.401 0
66 22 COG (ft): X: 5.044 Y: 8.058 Z: 0
67 23 N45 216.051 443.682 0 0 0 -2520.494
68 23 Totals: 216.051 443.682 0
69 23 COG (ft): X: -1.562 Y: 6.924 Z: 0
70 24 N45 -73.491 1028.968 0 0 0 3661.05
71 24 Totals: -73.491 1028.968 0
72 24 COG (ft): X: 3.269 Y: 7.688 Z: 0
73 25 N45 0 1028.968 -73.491 -568.516 248.903 3090.678
74 25 Totals: 0 1028.968 -73.491
75 25 COG (ft): X: 3.269 Y: 7.688 Z: 0
76 26 N45 73.491 741.043 0 0 0 1630.379
77 26 Totals: 73.491 741.043 0
78 26 COG (ft): X: 3.268 Y: 7.687 Z: 0
79 27 N45 0 741.043 73.491 567.169 -246.045 2198.79
80 27 Totals: 0 741.043 73.491
81 27 COG (ft): X: 3.268 Y: 7.687 Z: 0
82 28 N45 0 2621.645 -59.677 -454.638 192.301 12763.275
83 28 Totals: 0 2621.645 -59.677
84 28 COG (ft): X: 4.673 Y: 8.086 Z: 0
85 29 N45 54.911 2747.228 0 0 0 13713.325
86 29 Totals: 54.911 2747.228 0
87 29 COG (ft): X: 4.879 Y: 8.115 Z: 0

Envelope Node Reactions - Overstrength or Capacity Limit
No Data to Print...

Envelope Node Reactions
Node Label X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

1 N45 max 261.218 21 2747.228 29 73.491 27 567.169 27 248.903 25 15313.76 19
2 min -180.525 5 290.552 7 -73.491 25 -568.516 25 -246.045 27 -2520.494 23
3 Totals: max 261.218 21 2747.228 29 73.491 27
4 min -180.525 5 290.552 7 -73.491 25
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 Monolithic Footing Calc

γc 145pcf:= ρbrg qlat 1500 psf=:= μsoil 0.3:= ρsliding 250pcf:=

 Footing Geometry

Footing Width 
(Span) Bottom of Footing Depth ft Bfooting B 12.5 ft=:=

Width of Footing ft

Footing Thickness in d tfooting 3in-:= d' 3in:=

 Item  Ratio  Results  Applied/Capacity  Load Combination

< 1.0 OKSoil 
Bearing

ρdes

ρbrg
0.923= ρdes 1384 psf= LCqLC "D + 0.7Di + 0.7WA(ice) + S"=

ρbrg 1500 psf= ECC "ECC OK"=

> 1.0 OKOver-
turning

MR

MOT
1.93= MOT 12.37 k ft= LCqLC "D + 0.7Di + 0.7WA(ice) + S"=

MR 23.92 k ft=

> 1.0 OK Va 0.18 k=
Sliding

Vc

Va
78.62= LCqLC "D + 0.6WA180"=Vc 14.19 k=

No Uplift
Pup 0 k=

Uplift
Pc

Papp
30.88= Pc 8.97 k= LCqLC "0.6D + 0.6WB180"=
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Specifier's comments: 

1 Anchor Design
1.1 Input data

 Anchor type and diameter:  Heavy Hex Head ASTM F 1554 GR. 36 3/4

 Item number:  not available

 Specification text: Æ 3/4 in Heavy Hex Head ASTM F 1554 GR.
 36 with 12 in nominal embedment depth per
 Technical data  , cast in place installation per
 MPII,

 Effective embedment depth:  hef = 12.000 in.

 Material:  ASTM F 1554

 Evaluation Service Report:  Hilti Technical Data

 Issued I Valid:  - | -

 Proof:  Design Method ACI 318-14 / CIP

 Shear edge breakout verification:  Row closest to edge (Case 3 only from ACI 318-14 Fig. R.17.5.2.1b)

 Stand-off installation:  eb = 0.000 in. (no stand-off); t = 0.750 in.

 Anchor plateCBFEM :  lx x ly x t = 16.000 in. x 16.000 in. x 0.750 in.;

 Profile:  Round HSS (AISC), HSS6-5/8X.280; (L x W x T) = 6.625 in. x 6.625 in. x 0.280 in.

 Base material:  cracked concrete, 2500, fc' = 2,500 psi; h = 72.000 in.

 Reinforcement:  tension: condition B, shear: condition B;

 edge reinforcement: none or < No. 4 bar
 Corner reinforcement acc. to ACI 318-14 Section 17.5.2.3 (c) present

CBFEM - The anchor calculation is based on a component-based Finite Element Method (CBFEM)

Geometry [in.] & Loading [lb, ft.lb]
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1.1.1 Load combination and design results
Case  Description Forces [lb] / Moments [ft.lb] Seismic Max. Util. Anchor [%]

1  1.4*D N = -1,180; Vx = 0; Vy = 0;
Mx = 0.000; My = 3,550.249; Mz = 0.000;

no 18

2  1.2D+1.6Lr+0.5WA N = -2,631; Vx = 131; Vy = 0;
Mx = 0.000; My = 15,313.760; Mz = 0.000;

no 80

3  1.2D+1.6S+0.5WA N = -1,957; Vx = 131; Vy = 0;
Mx = 0.000; My = 8,458.145; Mz = 0.000;

no 43

4  1.2*D+0.5Lr+WA N = -1,856; Vx = 261; Vy = 0;
Mx = 0.000; My = 8,421.685; Mz = 0.000;

no 43

5  1.2D+0.5S+WA N = -1,645; Vx = 261; Vy = 0;
Mx = 0.000; My = 6,379.634; Mz = 0.000;

no 32

6  0.9*D+WB N = -444; Vx = 216; Vy = 0;
Mx = 0.000; My = -2,520.494; Mz = 0.000;

no 13

7  1.2D+ELx+Ely  (w/ Ω0 ) N = -1,286; Vx = -92; Vy = 0;
Mx = 0.000; My = 4,576.313; Mz = 0.000;

yes 31

8  1.2D+ELz+Ely  (w/ Ω0 ) N = -1,286; Vx = 0; Vy = -92;
Mx = -710.645; My = 3,863.348; Mz = 311.129;

yes 28

9  0.9D-ELx-Ely  (w/ Ω0 ) N = -926; Vx = 92; Vy = 0;
Mx = 0.000; My = 2,037.974; Mz = 0.000;

yes 13

10  0.9D-ELz-Ely  (w/ Ω0 ) N = -926; Vx = 0; Vy = 92;
Mx = 708.961; My = 2,748.488; Mz = -307.556;

yes 21

11  1.2D+Di+WL-Lat+0.5S N = -2,622; Vx = 0; Vy = -60;
Mx = -454.638; My = 12,763.275; Mz = 192.301;

no 67

12  1.2D+Di+WA(ice)+0.5S N = -2,747; Vx = 55; Vy = 0;
Mx = 0.000; My = 13,713.325; Mz = 0.000;

no 71
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Tension Compression

1 2

3 4

x

y1.2 Load case/Resulting anchor forces

 Controlling load case:  2  1.2D+1.6Lr+0.5WA

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 10,086 78 42 66
2 -0 30 23 -19
3 10,088 78 42 -66
4 -0 31 23 20

Resulting tension force in (x/y)=(-6.000/0.001): 20,173 [lb]
Resulting compression force in (x/y)=(1.251/-0.000): 23,998 [lb]

 Anchor forces are calculated based on a component-based Finite Element Method (CBFEM)

1.3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* 10,088 14,529 70 OK

 Pullout Strength* 10,088 12,754 80 OK

 Concrete Breakout Failure** 20,174 32,531 63 OK

 Concrete Side-Face Blowout, direction ** N/A N/A N/A N/A

 * highest loaded anchor    **anchor group (anchors in tension)

1.3.1 Steel Strength

Nsa = Ase,N futa            ACI 318-14 Eq. (17.4.1.2)
f  Nsa ³ Nua            ACI 318-14 Table 17.3.1.1

Variables

Ase,N [in.2] futa [psi]
0.33 58,000

Calculations

Nsa [lb]
19,372

Results

Nsa [lb] f steel f  Nsa [lb] Nua [lb]
19,372 0.750 14,529 10,088
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1.3.2 Pullout Strength

NpN = y c,p Np            ACI 318-14 Eq. (17.4.3.1)
Np = 8 Abrg f

'
c            ACI 318-14 Eq. (17.4.3.4)

f  NpN ³ Nua            ACI 318-14 Table 17.3.1.1

Variables
y c,p Abrg [in.2] l a f'c [psi]

1.000 0.91 1.000 2,500

Calculations

Np [lb]
18,220

Results

Npn [lb] f concrete f  Npn [lb] Nua [lb]
18,220 0.700 12,754 10,088
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1.3.3 Concrete Breakout Failure

Ncbg = ( ANc
ANc0

) y ec,N y ed,N y c,N y cp,N Nb            ACI 318-14 Eq. (17.4.2.1b)

f  Ncbg ³ Nua            ACI 318-14 Table 17.3.1.1
ANc see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
ANc0 = 9 h2

ef            ACI 318-14 Eq. (17.4.2.1c)

y ec,N = ( 1

1 + 
2 e'

N
3 hef

) £ 1.0            ACI 318-14 Eq. (17.4.2.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-14 Eq. (17.4.2.5b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-14 Eq. (17.4.2.7b)

Nb = 16 l a √f'c h
5/3
ef            ACI 318-14 Eq. (17.4.2.2b)

Variables

hef [in.] ec1,N [in.] ec2,N [in.] ca,min [in.] y c,N

12.000 0.000 0.001 10.500 1.000

cac [in.] kc l a f'c [psi]
- 16 1.000 2,500

Calculations

ANc [in.2] ANc0 [in.2] y ec1,N y ec2,N y ed,N y cp,N Nb [lb]
1,368.00 1,296.00 1.000 1.000 0.875 1.000 50,318

Results

Ncbg [lb] f concrete f  Ncbg [lb] Nua [lb]
46,473 0.700 32,531 20,174
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1.4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* 78 7,555 2 OK

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength** 131 75,337 1 OK

 Concrete edge failure in direction x+** 156 14,775 2 OK

 * highest loaded anchor    **anchor group (relevant anchors)

1.4.1 Steel Strength

Vsa = 0.6 Ase,V futa            ACI 318-14 Eq. (17.5.1.2b)
f  Vsteel ³ Vua            ACI 318-14 Table 17.3.1.1

Variables

Ase,V [in.2] futa [psi]
0.33 58,000

Calculations

Vsa [lb]
11,623

Results

Vsa [lb] f steel f  Vsa [lb] Vua [lb]
11,623 0.650 7,555 78
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1.4.2 Pryout Strength

Vcpg = kcp [(ANc
ANc0

) y ec,N y ed,N y c,N y cp,N Nb ]            ACI 318-14 Eq. (17.5.3.1b)

f  Vcpg ³ Vua            ACI 318-14 Table 17.3.1.1
ANc see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
ANc0 = 9 h2

ef            ACI 318-14 Eq. (17.4.2.1c)

y ec,N = ( 1

1 + 
2 e'

N
3 hef

) £ 1.0            ACI 318-14 Eq. (17.4.2.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-14 Eq. (17.4.2.5b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-14 Eq. (17.4.2.7b)

Nb = 16 l a √f'c h
5/3
ef            ACI 318-14 Eq. (17.4.2.2b)

Variables

kcp hef [in.] ec1,N [in.] ec2,N [in.] ca,min [in.]
2 12.000 0.000 0.000 10.500

y c,N cac [in.] kc l a f'c [psi]
1.000 - 16 1.000 2,500

Calculations

ANc [in.2] ANc0 [in.2] y ec1,N y ec2,N y ed,N y cp,N Nb [lb]
1,584.00 1,296.00 1.000 1.000 0.875 1.000 50,318

Results

Vcpg [lb] f concrete f  Vcpg [lb] Vua [lb]
107,625 0.700 75,337 131
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1.4.3 Concrete edge failure in direction x+

Vcbg = ( AVc
AVc0

) y ec,V y ed,V y c,V y h,V y parallel,V Vb            ACI 318-14 Eq. (17.5.2.1b)

f  Vcbg ³ Vua            ACI 318-14 Table 17.3.1.1
AVc see ACI 318-14, Section 17.5.2.1, Fig. R 17.5.2.1(b)*
AVc0 = 4.5 c2

a1            ACI 318-14 Eq. (17.5.2.1c)

y ec,V = ( 1

1 + 
2e'

v
3ca1

) £ 1.0            ACI 318-14 Eq. (17.5.2.5)

y ed,V = 0.7 + 0.3( ca2
1.5ca1

) £ 1.0            ACI 318-14 Eq. (17.5.2.6b)

y h,V = √1.5ca1
ha

³ 1.0            ACI 318-14 Eq. (17.5.2.8)

Vb = 9 l a √f'c c
1.5
a1            ACI 318-14 Eq. (17.5.2.2b)

Variables

ca1 [in.] ca2 [in.] ecV [in.] y c,V ha [in.]
10.500 84.000 0.027 1.000 72.000

le [in.] l a da [in.] f'c [psi] y parallel,V

6.000 1.000 0.750 2,500 1.000

Calculations

AVc [in.2] AVc0 [in.2] y ec,V y ed,V y h,V Vb [lb]
685.13 496.13 0.998 1.000 1.000 15,311

Results

Vcbg [lb] f concrete f  Vcbg [lb] Vua [lb]
21,107 0.700 14,775 156

 *Anchor row defined by: Anchor 2, 4; Case 3 controls

1.5 Combined tension and shear loads

bN bV z Utilization bN,V [%] Status
0.791 0.011 1.000 67 OK

bNV = (bN + bV) / 1.2 <= 1
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1.6 Warnings

•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (EN1992-4, AS5216, etc.). This means
 load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the anchor plate is assumed to be
 sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates the minimum required anchor
 plate thickness with CBFEM to limit the stress of the anchor plate based on the assumptions explained above. The proof if the rigid base plate
 assumption is valid is not carried out by PROFIS Engineering. Input data and results must be checked for agreement with the existing conditions
 and for plausibility!

•  The equations presented in this report are based on imperial units. When inputs are displayed in metric units, the user should be aware that the
 equations remain in their imperial format.

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  For additional information about ACI 318 strength design provisions, please go to
 https://viewer.joomag.com/profis-design-guide-us-en-summer-2021/0841849001625154758?short&/

•  Attention! In case of compressive anchor forces a buckling check as well as the proof of the local load transfer into and within the base material
 (incl. punching) has to be done separately.

•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (EN1992-4, AS5216, etc.). This means
 load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the anchor plate is assumed to be
 sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates the minimum required anchor
 plate thickness with FEM to limit the stress of the anchor plate based on the assumptions explained above. The proof if the rigid anchor plate
 assumption is valid is not carried out by PROFIS Engineering. Input data and results must be checked for agreement with the existing conditions
 and for plausibility!
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1.7 Installation data

 Anchor type and diameter: Heavy Hex Head ASTM F 1554
 GR. 36 3/4

 Profile: Round HSS (AISC), HSS6-5/8X.280; (L x W x T) = 6.625 in. x 6.625 in.
 x 0.280 in.

 Item number: not available 

 Hole diameter in the fixture: df = 0.812 in.  Maximum installation torque: -
 Plate thickness (input): 0.750 in.  Hole diameter in the base material: - in.

 Hole depth in the base material: 12.000 in.
 Minimum thickness of the base material: 13.000 in.

Æ 3/4 in Heavy Hex Head ASTM F 1554 GR. 36 with 12 in nominal embedment depth per Technical data , cast in place installation per MPII

1 2

3 4

x

y
8.000 8.000

2.000 12.000 2.000

2.
00

0
12

.0
00

2.
00

0

8.
00

0
8.

00
0

Coordinates Anchor [in.]

Anchor x y c-x c+x c-y c+y

1 -6.000 -6.000 10.500 22.500 84.000 96.000
2 6.000 -6.000 22.500 10.500 84.000 96.000
3 -6.000 6.000 10.500 22.500 96.000 84.000
4 6.000 6.000 22.500 10.500 96.000 84.000
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2 Anchor plate design

2.1 Input data

Anchor plate: Shape: Rectangular
lx x ly x t = 16.000 in x 16.000 in x 0.750 in
Calculation: CBFEM
Material: ASTM A36; Fy = 36,000 psi; εlim = 5.00%

Anchor type and size: Heavy Hex Head ASTM F 1554 GR. 36 3/4, hef = 12.000 in
Anchor stiffness: The anchor is modeled considering stiffness values determined from load displacement curves tested in an

independent laboratory. Please note that no simple replacement of the anchor is possible as the anchor
stiffness has a major impact on the load distribution results.

Design method: AISC and LRFD-based design using component-based FEM
Seismic loads (cat. C, D, E or F): Tension load: Yes (17.2.3.4.3 (d))

Shear load: Yes (17.2.3.5.3 (c))
Stand-off installation: eb = 0.000 in (No stand-off); t = 0.750 in
Profile: HSS6-5/8X.280; (L x W x T x FT) = 6.625 in x 6.625 in x 0.280 in x -

Material: ASTM A500 Gr.B Round; Fy = 42,000 psi; εlim = 5.00%
Eccentricity x: 0.000 in
Eccentricity y: 0.000 in

Base material: Cracked concrete; 2500; fc,cyl = 2,500 psi; h = 72.000 in
Welds (profile to anchor plate): Type of redistribution: Plastic

Material: E70xx
Stiffeners: Geometry: Triangular; size = lx x ly x t = 2.500 in x 2.500 in x 0.250 in

Material: ASTM A36; Fy = 36,000 psi; εlim = 5.00%
Welds (stiffeners to profile/anchor
plate):

Type of redistribution: Plastic
Material: E70xx

Mesh size: Number of elements on edge: 8
Min. size of element: 0.394 in
Max. size of element: 1.969 in

2.2 Summary

Description Profile Stiffeners Anchor plate Welds [%] Concrete [%]
sEd [psi] ePl [%] sEd [psi] ePl [%] sEd [psi] ePl [%] Hole bearing

[%]
1 1.4*D 11,339 0.00 12,376 0.00 6,103 0.00 1 18 4
2 1.2D+1.6Lr+

0.5WA
42,010 0.03 35,998 0.24 27,362 0.00 1 70 16

3 1.2D+1.6S+0.
5WA

27,882 0.00 29,565 0.01 14,635 0.00 1 45 9

4 1.2*D+0.5Lr+
WA

27,846 0.00 29,565 0.01 14,581 0.00 1 45 9

5 1.2D+0.5S+
WA

20,850 0.00 22,828 0.00 11,014 0.00 1 34 7

6 0.9*D+WB 8,498 0.00 8,900 0.00 4,378 0.00 1 14 3
7 1.2D+ELx+El

y (w/ Ω0 )
14,879 0.00 16,222 0.00 7,891 0.00 1 24 5

8 1.2D+ELz+El
y (w/ Ω0 )

13,934 0.00 15,492 0.00 6,794 0.00 1 22 5

9 0.9D-ELx-Ely
(w/ Ω0 )

6,234 0.00 6,823 0.00 3,492 0.00 1 10 2

10 0.9D-ELz-Ely
(w/ Ω0 )

10,256 0.00 11,160 0.00 4,891 0.00 1 17 3

11 1.2D+Di+WL-
Lat+0.5S

41,259 0.01 34,827 0.15 22,402 0.00 1 61 13
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12 1.2D+Di+WA(
ice)+0.5S

41,706 0.01 35,099 0.17 24,156 0.00 1 64 14

2.3 Anchor plate classification

Results below are displayed for the decisive load combinations: 1.2D+1.6Lr+0.5WA

Anchor tension forces Equivalent rigid anchor plate (CBFEM) Component-based Finite Element Method
(CBFEM) anchor plate design

Anchor 1 6,986 lb 10,086 lb
Anchor 2 -1 lb -0 lb
Anchor 3 6,986 lb 10,088 lb
Anchor 4 -1 lb -0 lb

User accepted to consider the selected anchor plate as rigid by his/her engineering judgement. This means the anchor design guidelines can be
applied.

2.4 Profile/Stiffeners/Plate

Profile and stiffeners are verified at the level of the steel to concrete connection. The connection design does not replace the steel design for critical
cross sections, which should be performed outside of PROFIS Engineering.

2.4.1 Equivalent stress and plastic strain

Part Load
combination

Material fy [psi] elim [%] sEd [psi] ePl [%] Status

Plate 1.2D+1.6Lr+0.5W
A

ASTM A36 36,000 5.00 27,362 0.00 OK

Profile 1.2D+1.6Lr+0.5W
A

ASTM A500 Gr.B
Round

42,000 5.00 42,010 0.03 OK

Stiffener 1.2D+1.6Lr+0.5W
A

ASTM A36 36,000 5.00 35,998 0.24 OK
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2.4.1.1 Equivalent stress

Results below are displayed for the decisive load combination: 2 - 1.2D+1.6Lr+0.5WA

42,000 psi

0 psi
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2.4.1.2 Plastic strain

Results below are displayed for the decisive load combination: 2 - 1.2D+1.6Lr+0.5WA

5.00%

0.00%

2.4.2 Plate hole bearing resistance, AISC 360-16 Section J3

Decisive load combination: 2 - 1.2D+1.6Lr+0.5WA

Equations

Rn = min(1.2 lc t Fu , 2.4 d t Fu) (AISC 360-16 J3-6a, c)

FRn = 0.75 Rn

V ≤ FRn

Variables

lc [in] t [in] Fu [psi] d [in] Rn [lb]
Anchor 1 1.969 0.750 58,000 0.750 78,300
Anchor 2 17.954 0.750 58,000 0.750 78,300
Anchor 3 1.971 0.750 58,000 0.750 78,300
Anchor 4 17.978 0.750 58,000 0.750 78,300

Results

V [lb] FRn [lb] Utilization [%] Status
Anchor 1 78 58,725 1 OK
Anchor 2 30 58,725 1 OK
Anchor 3 78 58,725 1 OK
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V [lb] FRn [lb] Utilization [%] Status
Anchor 4 30 58,725 1 OK

2.5 Welds

Profiles are modeled without taking the corner radius into account. Special rules for welding (e.g. for cold-formed profiles ...) are not taken into
account by the software.

2.5.1 Anchor plate to profile

Decisive load combination: 2 - 1.2D+1.6Lr+0.5WA

Equations

Fnw = 0.6 FEXX (1.0 + 0.5sin1.5 Q)

FRn = F Fnw Aw

Utilization =
Fn

F Rn

Variables

Edge Xu Th [in] Ls [in] L [in] Lc [in] FEXX [psi] Q [°] Aw [in²]
Member 1 E70xx 0.221 0.313 19.901 0.622 70,000 75.4 0.14

Results

Edge Fn [lb] FRn [lb] Utilization [%] Status
Member 1 4,430 6,391 70 OK

2.5.2 Stiffeners to profile/anchor plate

Decisive load combination: 2 - 1.2D+1.6Lr+0.5WA

Equations

Fnw = 0.6 FEXX (1.0 + 0.5sin1.5 Q)

FRn = F Fnw Aw

Utilization =
Fn

F Rn

Variables

Edge Xu Th [in] Ls [in] L [in] Lc [in] FEXX [psi] Q [°] Aw [in²]
Stiffenera
(Anchor plate)

E70xx 0.177 0.250 2.488 0.415 70,000 51.9 0.07

Stiffenera
(Anchor plate) 1

E70xx 0.177 0.250 2.488 0.415 70,000 45.7 0.07

Stiffenerb
(Anchor plate)

E70xx 0.177 0.250 2.488 0.415 70,000 48.1 0.07

Stiffenerb
(Anchor plate) 1

E70xx 0.177 0.250 2.488 0.415 70,000 54.6 0.07

Stiffenerc
(Anchor plate)

E70xx 0.177 0.250 2.488 0.415 70,000 59.4 0.07

Stiffenerc
(Anchor plate) 1

E70xx 0.177 0.250 2.476 0.413 70,000 18.6 0.07
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Edge Xu Th [in] Ls [in] L [in] Lc [in] FEXX [psi] Q [°] Aw [in²]
Stiffenerd
(Anchor plate)

E70xx 0.177 0.250 2.476 0.413 70,000 19.4 0.07

Stiffenerd
(Anchor plate) 1

E70xx 0.177 0.250 2.488 0.415 70,000 58.4 0.07

Stiffenera
(Member 1-arc
5)

E70xx 0.177 0.250 2.488 0.415 70,000 54.4 0.07

Stiffenera
(Member 1-arc
5) 1

E70xx 0.177 0.250 2.488 0.415 70,000 43.6 0.07

Stiffenerb
(Member 1-arc
13)

E70xx 0.177 0.250 2.488 0.415 70,000 48.0 0.07

Stiffenerb
(Member 1-arc
13) 1

E70xx 0.177 0.250 2.488 0.415 70,000 49.4 0.07

Stiffenerc
(Member 1-arc
21)

E70xx 0.177 0.250 2.488 0.415 70,000 41.3 0.07

Stiffenerc
(Member 1-arc
21) 1

E70xx 0.177 0.250 2.488 0.415 70,000 34.6 0.07

Stiffenerd
(Member 1-arc
29)

E70xx 0.177 0.250 2.488 0.415 70,000 39.6 0.07

Stiffenerd
(Member 1-arc
29) 1

E70xx 0.177 0.250 2.488 0.415 70,000 36.0 0.07

Results

Edge Fn [lb] FRn [lb] Utilization [%] Status
Stiffenera (Anchor plate) 1,798 3,118 58 OK
Stiffenera (Anchor plate) 1 1,879 3,012 63 OK
Stiffenerb (Anchor plate) 2,005 3,054 66 OK
Stiffenerb (Anchor plate) 1 1,933 3,163 62 OK
Stiffenerc (Anchor plate) 863 3,235 27 OK
Stiffenerc (Anchor plate) 1 1,496 2,509 60 OK
Stiffenerd (Anchor plate) 1,510 2,522 60 OK
Stiffenerd (Anchor plate) 1 873 3,221 28 OK
Stiffenera (Member 1-arc 5) 1,947 3,160 62 OK
Stiffenera (Member 1-arc 5)
1

2,022 2,975 68 OK

Stiffenerb (Member 1-arc 13) 2,012 3,052 66 OK
Stiffenerb (Member 1-arc 13)
1

1,913 3,077 63 OK

Stiffenerc (Member 1-arc 21) 1,399 2,931 48 OK
Stiffenerc (Member 1-arc 21)
1

1,441 2,806 52 OK

Stiffenerd (Member 1-arc 29) 1,404 2,900 49 OK
Stiffenerd (Member 1-arc 29)
1

1,418 2,832 51 OK
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2.6 Concrete

Decisive load combination: 2 - 1.2D+1.6Lr+0.5WA

2.6.1 Compression in concrete under the anchor plate

1,408 psi

0 psi

2.6.2 Concrete block compressive strength resistance check, AISC 360-16 Section J8

Equations

Fp = F fp,max

fp,max = 0.85 fc' √(
A2

A1
) ≤ 1.7 fc; √(

A2

A1
) ≤ 2

s =
N
A1

Utilization = s
Fp

Variables

N [lb] fc' [psi] F A1 [in²] A2 [in²]
23,998 2,500 0.65 56.77 927.56

Results

Load combination Fp [psi] s [psi] Utilization [%] Status
1.2D+1.6Lr+0.5WA 2,762 423 16 OK
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2.7 Symbol explanation

A1 Loaded area of concrete
A2 Supporting area
Aw Effective area of weld critical element
d Nominal diameter of the bolt
elim Limit plastic strain

ePl Plastic strain from CBFEM results
fc Concrete compressive strength
fc' Concrete compressive strength
FEXX Electrode classification number, i.e. minimum specified tensile strength
Fu Specified minimum tensile strength of the connected material
Fn Force in weld critical element
Fnw Nominal stress of the weld material
Fp Concrete block design bearing strength
fp,max Concrete block design bearing strength maximum
fy Yield strength
lc Clear distance, in the direction of the force, between the edge of the hole and the edge of the adjacent hole or edge of

the material
L Length of weld
Lc Length of weld critical element
Ls Leg size of weld
N Resulting compression force
s Average stress in concrete

sEd Equivalent stress

F Resistance factor

FRn Factored resistance
Rn Resistance
t Thickness of the anchor plate
Q Angle of loading measured from the weld longitudinal axis
Th Throat thickness of weld
V Resultant of shear forces Vy, Vz in bolt.
Xu Filler metal tensile strength

2.8 Warnings

● By using the CBFEM calculation functionality of PROFIS Engineering you may act outside the applicable design codes and your specified
anchor plate may not behave rigid. Please, validate the results with a professional designer and/or structural engineer to ensure suitability and
adequacy for your specific jurisdiction and project requirements.

● The anchor is modeled considering stiffness values determined from load displacement curves tested in an independent laboratory. Please
note that no simple replacement of the anchor is possible as the anchor stiffness has a major impact on the load distribution results.
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3 Summary of results
Design of the anchor plate, anchors, welds and other elements are based on CBFEM (component based finite element method) and AISC.

Load combination Max. utilization Status
Anchors 1.2D+1.6Lr+0.5WA 80% OK

Anchor plate 1.2D+1.6Lr+0.5WA 77% OK
Welds 1.2D+1.6Lr+0.5WA 70% OK

Stiffeners 1.2D+1.6Lr+0.5WA 100% OK
Concrete 1.2D+1.6Lr+0.5WA 16% OK

Profile 1.2D+1.6Lr+0.5WA 100% OK

Fastening meets the design criteria!
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4 Remarks; Your Cooperation Duties
● Any and all information and data contained in the Software concern solely the use of Hilti products and are based on the principles, formulas

and security regulations in accordance with Hilti's technical directions and operating, mounting and assembly instructions, etc., that must be
strictly complied with by the user. All figures contained therein are average figures, and therefore use-specific tests are to be conducted prior to
using the relevant Hilti product. The results of the calculations carried out by means of the Software are based essentially on the data you put
in. Therefore, you bear the sole responsibility for the absence of errors, the completeness and the relevance of the data to be put in by you.
Moreover, you bear sole responsibility for having the results of the calculation checked and cleared by an expert, particularly with regard to
compliance with applicable norms and permits, prior to using them for your specific facility. The Software serves only as an aid to interpret
norms and permits without any guarantee as to the absence of errors, the correctness and the relevance of the results or suitability for a
specific application.

● You must take all necessary and reasonable steps to prevent or limit damage caused by the Software. In particular, you must arrange for the
regular backup of programs and data and, if applicable, carry out the updates of the Software offered by Hilti on a regular basis. If you do not
use the AutoUpdate function of the Software, you must ensure that you are using the current and thus up-to-date version of the Software in
each case by carrying out manual updates via the Hilti Website. Hilti will not be liable for consequences, such as the recovery of lost or
damaged data or programs, arising from a culpable breach of duty by you.
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r
 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

 Pipe Flange Connection

Cc := LC := NODE :=

Number of Bolts Per Connection Nbolts 4:=

Flange Bolt Circle BC 7.0in:=

Max Tension at Connection T 4609.48 lb=

Max Moment at Connection M 1385.72 lb ft=

Max Shear at Connection V 1374.48 lb=

Max Tension per Bolt Tmax
T

Nbolts

4 M
BC Nbolts

+ 3528lb=:=

Max Shear per Bolt Vmax
V

Nbolts
344 lb=:=

Use 5/8" Dia. Grade 5 Bolts: Tall 10848lb:= Vall 5738lb:=

< 1.0 OKUse (4) 5/8" Dia. Grade 5 Bolts at Flange
Connections

Tmax

Tall

Vmax

Vall
+ 0.39=
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)
LCq "ENVELOPE"=

 Connection Analysis- HSS Mast Arm Welded to HSS Column

ASTM A500 Grade B Fy fya500 50 ksi=:= Fu fua500 62 ksi=:= E Es 29000 ksi=:=

prop4 Α, 
"HSS 6.625 x 0.280"= pprop4 Β, 

"HSS 3.5 x 0.216"=

A prop0 Α, 
in2 5.2 in2=:= Ab pprop0 Β, 

in2 2.07 in2=:= P 4.7 k=
t prop1 Α, 

in 0.26 in=:= tb pprop1 Β, 
in 0.2 in=:= Min 0.27 k ft= M2

D prop2 Α, 
in 6.62 in=:= Db pprop2 Β, 

in 3.5 in=:= Mout 0.09 k ft=

S prop3 Α, 
in3 7.96 in3=:= Sb pprop3 Β, 

in3 1.63 in3=:=

AISC Specification Section K4 and Table K4.1A - Limits of Applicability θ 75deg:= > 30 deg

OK
Db

tb
17.41= <  50

Branch Wall 
Slenderness

OK
Db

tb
17.41= < 0.05

E
Fy

 29=

OKColumn Wall 
Slenderness 

D
t

25.48= < 50

OKWidth Ratio 0.2 <
Db

D
0.53= < or = 1.0
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

 Connection Analysis- HSS Mast Arm Welded to HSS Column (Cont'd) 

AVAILABLE FLEXURAL STRENGTH - AISC TABLE K4.1 

Chord Plastification (In-plane bending moment in branch) - AISC table K4.1

Max.Chord (Column) Axial Reaction Pr 2.36 k=
M44Max. Chord Moment (In Plane) Mr 12.73 k ft=

β Db

D
0.53=:= γ D

2 t
12.74=:=

Fc 0.6 Fy 30 ksi=:=

UT 1.0:= U
Pr

A Fc

Mr

S Fc
+ 0.655=:=

Qf 1.0 0.3U 1 U+( )- 0.675=:= Ω 1.67:=

Mnip
5.39 Fy t2 γ0.5 β Db Qf

sin θ( )
7001.61 lb ft=:=

Mnip

Ω 4192.58 lb ft=

Shear Yielding (punching - in plane bending moment in branch) AISC Table K4.1

Db 3.5 in= < D 2 t-( ) 6.1 in= Ωy 1.58:=

Mnip2 0.6 Fy t Db
2

1 3 sin θ( )+

4 sin θ( )2

















8316.09 lb ft=:=

Mnip2 Ωy 5263.35 lb ft=
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

 Connection Analysis- HSS Mast Arm Welded to HSS Column (Cont'd) 

Chord Plastification (Out-of-plane bending moment in branch) - AISC table K4.1

Mnop
Fy t2 Db

sin θ( )
3

1 0.81β-






 Qf 3612.46 lb ft=:= Ω 1.67=

Mnop

Ω 2163.15 lb ft=

Shear Yielding  - punching (Out-of-plane bending moment in branch) - AISC table K4.1

Db 3.5 in= < D 2 t-( ) 6.1 in= Ωy 1.58:=

Mnop2 0.6Fy t Db
2

3 sin θ( )+

4 sin θ( )2









 8461.48 lb ft=:=

Mnop2

Ωy
5355.37 lb ft=

AVAILABLE AXIAL STRENGTH - AISC TABLE K3.1 

Shear Yielding  - punching - AISC table K3.1

Db 3.5 in= < D 2 t-( ) 6.1 in=

Pn 0.6 Fy t π Db
1 sin θ( )+

2 sin θ( )2









90357.06 lb=:= Ωy 1.58:=

Pn

Ωy
57188.01 lb=

Chord Plastification 

Pn2
Fy t2 3.1 15.6β2+( ) γ0.2 Qf

sin θ( )
29287.01 lb=:= Ω 1.67=

Pn2

Ω 17537.13 lb=
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

 Connection Analysis- HSS Mast Arm Welded to HSS Column (Cont'd) 

LCq "ENVELOPE"=CONNECTION SUMMARY RESULTS 

Allowable In-Plane Bending Main min
Mnip

Ω
Mnip2

Ωy
, 









4192.58 lb ft=:=

Allowable Out of Plane Bending Maout min
Mnop

Ω
Mnop2

Ωy
, 









2163.15 lb ft=:=

Allowable Axial Load Pa min
Pn

Ωy

Pn2

Ω, 








17537.13 lb=:=

< 1.0 OKP
Pa

Min

Main









2
+

Mout

Maout
+ 0.32=

 Weld Check

d Db 3.5 in=:= lw π d 11 in=:= Sw
π d2

4
9.62 in2=:=

V 450.24 lb= M Min 268.24 lb ft=:=

D 3in:=  1/16 in. weld Rc_cs 0.928ksiD d:= Ωcs 2.0:= Fu_cs 70ksi:=

WELD OK
Rc_cs

d
2.78

k
in

= > M
Sw

V
lw

+ 0.38
k
in

=

USE "3/16 FILLET WELD ALL AROUND"=

             Page 73 

Job. No. 25-0593
9/23/25
By: CS

Check by: JL, SE

This letter and all associated reference sheets are not valid or authorized for use by SML – Consulting Structural & Forensic Engineers unless it
 is accompanied by a digitally signed and traditionally sealed, non-expired signature sheet bearing the same publication date indicated above.



C nsulting Structural &
 F rensic Engineers

3600 E. University Dr, Suite1400
Ph enix, AZ 85034

(602) 438-2500

 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

 Connection Analysis- HSS Welded to HSS  Mast Arm   LCq "ENVELOPE"=

ASTM A500 Grade B Fy fya500 50 ksi=:= Fu fua500 62 ksi=:= E Es 29000 ksi=:=

pprop4 Β, 
"HSS 3.5 x 0.216"=

A pprop0 Β, 
in2 2.07 in2=:= Ab pprop0 Β, 

in2 2.07 in2=:=
P 4.44 k=t pprop1 Β, 

in 0.2 in=:= tb pprop1 Β, 
in 0.2 in=:=

Min 2.79 k ft= M35D pprop2 Β, 
in 3.5 in=:= Db pprop2 Β, 

in 3.5 in=:=
Mout 0.03 k ft=

S pprop3 Β, 
in3 1.63 in3=:= Sb pprop3 Β, 

in3 1.63 in3=:=

AISC Specification Section K4 and Table K4.1A - Limits of
Applicability 

θ 45deg:= > 30 deg

OKDb

tb
17.41= <  50

Branch Wall 
Slenderness

OK
Db

tb
17.41= < 0.05

E
Fy

 29=

OKColumn Wall 
Slenderness 

D
t

17.41= < 50

OKWidth Ratio 0.2 <
Db

D
1= < or = 1.0
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

 Connection Analysis-   HSS Welded to HSS  Mast Arm  (Cont'd) 

AVAILABLE FLEXURAL STRENGTH - AISC TABLE K4.1 

Chord Plastification (In-plane bending moment in branch) - AISC table K4.1

Max.Chord Axial Reaction Pr 0.0652 k= M15
Mr 3.34 k ft=Max. Chord Moment (In Plane) 

β Db

D
1=:= γ D

2 t
8.71=:=

Fc 0.6 Fy 30 ksi=:=

Qf 1.0:= TABLE K4.1 
K2 -3 Ω 1.67:=

Mnip
5.39 Fy t2 γ0.5 β Db Qf

sin θ( )
13251.76 lb ft=:=

Shear Yielding (punching - in plane bending moment in branch) AISC Table K4.1

Db 3.5 in= < D 2 t-( ) 3.1 in= Ωy 1.58:=

If D.b is greater > than (D-2t) Limit State does not need to be checked. 
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

 Connection Analysis-   HSS Welded to HSS  Mast Arm  (Cont'd) 

Chord Plastification (Out-of-plane bending moment in branch) - AISC table K4.1

Mnop
Fy t2 Db

sin θ( )
3

1 0.81β-






 Qf








13156.23 lb ft=:= Ω 1.67=

Mnop Ω 7877.98 lb ft=

Shear Yielding  - punching (Out-of-plane bending moment in branch) - AISC table K4.1

Db 3.5 in= < D 2 t-( ) 3.1 in= Ωy 1.58:=

If D.b is greater > than (D-2t) Limit State does not need to be checked. 

 AVAILABLE AXIAL STRENGTH - AISC TABLE K3.1 

Shear Yielding  - punching - AISC table K3.1

Db 3.5 in= < D 2 t-( ) 3.1 in= Ωy 1.58:=

If D.b is greater > than (D-2t) Limit State does not need to be checked. 

Chord Plastification 

Pn2
Fy t2 3.1 15.6β2+( ) γ0.2 Qf

sin θ( )
82354.46 lb=:= Ω 1.67=

Pn2 Ω 49314.05 lb=
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 Half Palm Arch Vacuum Stanchion Canopy Analysis (cont'd)

 Connection Analysis-   HSS Welded to HSS  Mast Arm  (Cont'd) 

CONNECTION SUMMARY RESULTS 

Allowable In-Plane
Bending 

Main min
Mnip

Ω








7935.19 lb ft=:=

Allowable Out of Plane Bending Maout min
Mnop

Ω








7877.98 lb ft=:=

Allowable Axial Load Pa min
Pn2

Ω








49314.05 lb=:=

< 1.0 OKP
Pa

Min

Main









2
+

Mout

Maout
+ 0.22=cos θ( ) 0.71=

 Weld Check

d 2 Db cos θ( ) 4.9 in=:= lw π d 15.55 in=:=
Sw

π d2
4

19.24 in2=:=

V 1387.3 lb= M Min 2789.13 lb ft=:=

D 4in:=  1/16 in. weld Rc_cs 0.928ksiD d:= Ωcs 2.0:= Fu_cs 70ksi:=

WELD OK
Rc_cs

d
3.71

k
in

= > M
Sw

V
lw

+ 1.83
k
in

=

USE "1/4 FILLET WELD ALL AROUND"=
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 Half Palm Arch Vacuum Stanch ion Canopy Analysis (cont'd)

 Opening in Pole at Base Analysis

 Risa-3D Reactions LCq "ENVELOPE"=

Vz 0.052 k= Vy 0.19 k= P 2.36 k= Mz 0.4 k ft=

My 12.37 k ft=V Vz
2 Vy

2+ 195 lb=:= T 0.18 k ft=

 Steel Properties fy fya500 50 ksi=:= A500B Gr 50 

E 29000ksi:= K 2.1:= L 10.647ft:=

Safety Factors Ωc 1.67:= Ωb 1.67:= ΩT 1.67:= Ωv 1.67:=

prop4 Α, 
"HSS 6.625 x 0.280"= Section Properties - HSS Post with Opening

A oprop0 Α, 
in2 4.15 in2=:= Sz oprop1 Α, 

in3 4.24 in3=:= Sy oprop2 Α, 
in3 7.56 in3=:=

rz oprop3 Α, 
in 1.89 in=:= ry oprop4 Α, 

in 2.46 in=:= tdes prop5 Α, 
in 0.26 in=:=

 Axial Compression
K L
ry

109.29= > 4.71
E
fy

 113.43=
K L
rz

142.34= > 4.71
E
fy

 113.43=

Fe
π2 E

K L
min ry rz, ( )









2
14.13 ksi=:= Fcr 0.877 Fe 12.39 ksi=:=

Pall
Fcr A

Ωc
30.8 k=:= rm 6.365in:=

 Shear Cv 1:=

Vall
0.6 fy A Cv

Ωv
75 k=:= τapp

T 6 π rm 1.8tdes+( )

4π2rm
2 tdes( )2

2.34 ksi=:=

τmax
0.6 fy

Ωv
17.96 ksi=:= τapp

τmax
0.13=

 Flexural

Mzall
fy Sz

Ωb
10.579 k ft=:= Myall

fy Sy

Ωb
18.862 k ft=:=

< 1.0 OK, NO STIFFENERS REQUIREDEQ "H2-1"= UNITY 0.77=
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 Cross Bar Analysis

 Cross Bar Geometry

b Dcb 2 in=:= t tcb 0.13 in=:= Ag Acb 0.94 in2=:=

Max Length of Bar B 12.50 ft=

Spacing of Bars sp 10.38 in=

 Dead and Live Loads

Dead Load WD wsw 1.1 plf=:=

Roof Live Load wLL 20 psf= WLro wLL sp 17.29 plf=:=

Snow Load WS 1.37Dcbi
2 2( ) γs  Dcbi

0.73pf

γs
if

Dcbi Dcbi 2 xs-( )+

2
pf otherwise

1.36 plf=:=

Atmospheric Ice Loads WDi Acbi ρi 4.04 plf=:=

 Wind Load Analysis - Open Bldg, per Fig 27.3-4 & 27.3-5

pWcbA 20.01 psf= WWLA pWcbA Dcb 3.34 plf=:=Full Wind
pWcbB 18.35- psf= WWLB pWcbB Dcb 3.06- plf=:=

Ice Wind wwice PWvai αi B( ) Dcbi 1 plf=:=

 ASD Factored Loads

1.) DL + RLL ASD1 WD WLro+ 18.42 plf=:=

2.) DL + SL ASD2 WD WS+ 2.49 plf=:=

3.) DL + 0.6WLA ASD3 WD 0.6 WWLA+ 3.13 plf=:=

4.) DL + 0.75(0.6WLA + RLL) ASD4 WD 0.75 0.6 WWLA WLro+( )+ 15.6 plf=:=

5.) DL + 0.75(0.6WLA + SL) ASD5 WD 0.75 0.6 WWLA WS+( )+ 3.65 plf=:=

6.) 0.6DL + 0.6WLB ASD6 0.6 WD 0.6 WWLB+ 1.16- plf=:=

7.) DL + 0.7Di + 0.7WLi + S ASD7 0 tice 0=if

WD 0.7 WDi wwice+( )+ WS+ otherwise

6.04 plf=:=

ASDmax max ASD1 ASD2, ASD3, ASD4, ASD5, ASD6, ASD7, ( ) 18.42 plf=:=

Max Applied 
Moment and Shear Ma

ASDmax B2

8
0.36 ft k=:= Va

ASDmax B

2
0.115 k=:=
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 2" Sq. x 1/8" Thick Aluminum Tube Trellis Bar (6061-T6) per IBC 1607.7

Maximum Span: Lb B 12.5 ft=:=

 Section Properties:

h Dcb:= b Dcb:= tw tcb:= E Eal 10100 ksi=:= G Gal 3800 ksi=:=

A b h b 2 tw-( ) h 2 tw-( )( )- 0.938 in2=:=

Iy
h b3 h 2 tw-( ) b 2 tw-( )3-

12
0.552 in4=:=Ix

b h3 b 2 tw-( ) h 2 tw-( )3-

12
0.552 in4=:=

Sy
h b3( ) h 2 tw-( ) b 2 tw-( )3-

6b
0.552 in=:=Sx

b h3( ) b 2 tw-( ) h 2 tw-( )3-

6h
0.552 in3=:=

Zy
b2 h b 2 tw-( )2 h 2 tw-( )-

4
0.66 in3=:=Zx

b h2 b 2 tw-( ) h 2 tw-( )2-

4
0.66 in3=:=

J
2 tw tw h tw-( )2 b tw-( )2

h tw b tw+ tw
2- tw

2-
0.824 in4=:=rx

Ix
A

0.767 in=:=

 Allowable Welded Stress: (6061-T6 Al.) Ωbr 1.95:= Ωbo 1.65:=

 ADM 2015 F.2 Gross Yielding

M1cb Zx Fcy Ωbr 987.41 lb ft=:=

M2cb 1.5 Sx Fty Ωbo 1462.99 lb ft=:=

M3cb 1.5Sx Fcy Ωbo 1462.99 lb ft=:=

Mnp min M1cb M2cb, M3cb, ( ) 987.41 lb ft=:= Fnp Mnp Sx 21.47 ksi=:=
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 2" Sq. x 1/8" Thick Aluminum Tube Trellis Bar (6061-T6) per IBC 1607.7 (cont'd.)

 Allowable Welded Stress: (6061-T6 Al.)

 ADM 2015 F.4 Lateral-Torsional Buckling

F.4.1 Bending Coefficient Cb

Mmax Ma 359.73 lb ft=:=

MA
ASDmax 0.25B( )

2
B 0.25B-( ) 269.79 lb ft=:= MB Mmax:= MC MA:=

Cb
12.5Mmax

2.5Mmax 3 MA+ 4 MB+ 3 MC+
1.14=:= λ 2.3

Lb Sx

Cb Iy J
 23.9=:=

 Table B.4.2 Buckling Constants

Bc Fcy 1
Fcy ksi 1-

2250
+







 35.09 ksi=:= Dc
Bc

10

Bc

E
 0.21 ksi=:= Cc 0.41

Bc

Dc
 69.56=:=

 F.4 LTB Equation

Mnmb Mnp 1
λ

Cc
-









π2 E λ Sx

Cc
3

+










λ Cc<if

π2 E S

λ2
λ Ccif

973.64 lb ft=:=

Fnmb Mnmb Sx 21.18 ksi=:=

 ADM 2015 Table 2-18 Axial Compression - B.5.4.2 (16) λB542
b 2 t-

t
14=:=

FB542 21.2ksi λB542 20.8<if

27.3 0.291 λB542-( )ksi  20.8 λB542 33<if

580 λB542( )ksi λB542 33if

21.2 ksi=:=

 ADM 2015 Table 2-18 Flexural Compression - B.5.5.1 (18) λB551
b 2t-

t
14=:=

FB551 31.8ksi( ) λB551 33.1<if

40.5 0.262 λB551-( )ksi  33.1 λB551 77<if

1563 λB551( )ksi λB551 77if

31.8 ksi=:=

Fbx min Fnp Fnmb, FB542, FB551, ( ) 21.18 ksi=:=

 Applied Compressive Stress in Extreme Fiber fb Ma Sx( ) 7.82 ksi=:=

< 1.0 OK Use 2" Square x 1/8" Thick
6061-T6 B211 Cross Bar

fb
Fbx

0.37=
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  Trellis Bar Connection

Trellis Bar Dimensions
(Angle Shape) 

t 0.1345in:= b 2.125in:= d 2.125in:=

a b t- 1.99 in=:= c d t- 1.99 in=:=

y
d2 a t+

2 b c+( )
0.58 in=:= Ωb 1.67:=

Moment of Inertia Ix
1
3

t d y-( )3 b y3+ a y t-( )3-  0.24 in4=:=

Section Modulus Sx
Ix

d y-( )
0.16 in3=:= fya1008 41.3 ksi=

Allowable Moment Mall
fya1008 Sx( )

Ωb
326.89 lb ft=:=

Max Trellis Reaction P Va 115.11 lb=:=

Moment Arm and Moment Marm 6in:= M 1.5P Marm 86.33 lb ft=:=

< 1.0 OKM
Mall

0.26=

Use a 2-1/8"x2-1/8"x0.1345" thick, ASTM A1008 Steel angle

 1/2" ϕ SAE Grade 5 Trellis Connector Bolt to 3/4" ϕ Bung Tn 6811lb:=

Tension Due to 
Force Couple

Ta M 0.375in 2762.7 lb=:=
< 1.0 OK

Ta

Tn
0.41=

Use (1) 1/2" ϕ Grade 5 Bolt at Trellis Connector
By inspection, 1/4" weld all around is OK
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 Pay Station Canopy Analysis

 Materials: 

Aluminum: γal 173pcf 0.1 pci=:= Eal 10100ksi:= Gal 3800ksi:=

Tube Extrusions, B211 6061-T6 Fty 35ksi:= Ftu 42ksi:=

Fcy Fty 35 ksi=:=

Steel: Es 29000ksi:=

Round HSS Tube Steel, ASTM A500-Gr.B, 50 KSI fya500 50.0 ksi:= fua500 62ksi:=

Other Rolled Sections Plates, Angles, 
and Bars ASTM A36  

fyA36 36.0ksi:=

Bent Plate Trellis Connector Bar ASTM A1008 fya1008 41.3ksi:=

Base Plates - ASTM A1018 fy 53ksi:=

SAE J429 Grade 5 Bolts Fu 150ksi:=

 Welds:

Carbon Steel to Carbon Steel Fu_cs 70 ksi:=

Carbon Steel ASD Safety factor Ωcs 2.0:=

Area of weld Aw
2

2






D
16







 l:=

 Allowable Loads:

Carbon to carbon Rc_cs
0.6
Ωcs

Fu_cs Aw:=
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 Pay Station Canopy Analysis

 Canopy Data:

Canopy Height HT 11.0ft:=

Average Spacing of Supports B 17.00ft:= B
B
2

:=

Separator Dimensions
DS 1ft:= LS 2ft:= AS DS LS 2 ft2=:=

Post Section Set : Mast & Support Arm Section Set :

Α := Β :=

 Dead and Live Loads:

Length of Canopy Tube Lcanopy 10.00ft:=

Canopy Tube Diameter Dcanopy pprop2 Β, 
in 3.5 in=:=

Post Tube Diameter Dpost prop2 Α, 
in 6.625 in=:=

 Aluminum Trellis Geometry

Dcb 2.0in:= lcb 2.0in:= tcb 0.125in:=

 Area Calculation:

Acb Dcb lcb Dcb 2 tcb-( ) lcb 2 tcb-( ) - 0.94 in2=:= wsw Acb γal 1.13 plf=:=

Ref. Arch.
DrawingsLength of Cross Bar Lcb 17.00ft:= <---

Cross Bar Spacing Strellis 15.313in:=

Number of Cross Bars Nbars 8:=

Percent Solid α Dcb Strellis 0.13=:=

 Additional Loads
 Trellis Dead Load

WDL
γal Acb Lcb Nbars( )

2Lcanopy
7.66 plf=:= WDL 7.66 plf=

Live Loads wLL max 20 psf α 5psf, ( ) 5 psf=:=
B 8.5 ft=

WLL B wLL 42.5 plf=:=
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 Pay Station Canopy Analysis (cont'd)

 Seismic Loading Non-Building Structure (ASCE Chp. 15) Ref. Appendix for ASCE Output

Importance Factor Ie 1.0:=

Site Class SC "D":=

Mapped Acceleration Parameters
Ref. USGS Seismic Output

Ss 0.1:= S1 0.068:=

Site Amplification Factors
ASCE Table 11.4-1 & 11.4-2

Fa 1.6:= Fv 2.4:=

Long-Period Transition TL 12:=

Site-Modified Spectral 
Acceleration Values 

SMS Fa Ss 0.16=:=

SM1 Fv S1 0.163=:=

Seismic Design Values SDS
2
3

SMS 0.107=:= SD1
2
3

SM1 0.109=:=

Seismic Design Category "B"

Response Modification Factor R 1.25:=

Values for Approx. Period Parameters
ASCE Table 12.8-2

Ct 0.02:= x 0.75:=

Approx. Fundamental Period Ta Ct
HT

ft








x
 0.121=:=

Ts
SD1

SDS
1.02=:= T Ta 0.121=:= <= 1.5 Ts 1.53=

query "USE EQUATIONS 12.8-2 THROUGH 12.8-6"=

Csmin max 0.44 SDS Ie 0.01, ( ) S1 0.6<if

max 0.44 SDS Ie 0.01, 0.5S1 R Ie( ),   otherwise

0.047=:=

Cs1
SDS

R
Ie









0.085=:= Csmax if T TL
SD1

T
R
Ie










, 

SD1 TL

T2 R
Ie










, 











0.721=:=

Cs if Csmax Cs1 if Cs1 Csmin Csmin, Cs1, ( ), Csmax, ( ) 0.09=:=

Cs Cs Q 0=if

Cse otherwise

0.085=:=
Use Cs 0.09=

 Seismic Loading

Vertical Component Coefficient Csy 0.2SDS 0.02=:=

Trellis Load WDL Cs 0.7 plf= WDL 0.2 SDS 0.16 plf=
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 Pay Station Canopy Analysis (cont'd)

 Wind Loading

Directional Procedure per ASCE 7-16, Chapter 27

3 Second Gust Speed (Ultimate) V 103 mph:= Vo V mph 1-:=

Risk Category I Table 1.5-1

Exposure Category C 26.7

Height (average) h HT 11 ft=:=

Velocity Pressure Exposure
Coefficient

Kz 0.85:= Table 27.10-1

Topographic Factor Kzt 1.0:= no topographic effects

Directionality Factor Kd 0.85:= Table 26.6-1

Elevation Factor Ke 1.0:= Table 26.9-1

Velocity Pressure qh 0.00256 Kz Kzt Kd Ke Vo
2 psf 19.62 psf=:= Eq. 26.10-1

Gust Effect Factor G 0.85:= 26.11

Width of Tributary = Bf B 8.5 ft=:=

Trellis Percent Solid α 0.13=

 Wind Load Analysis - Open Bldg, per Fig 27.3-4 & 27.3-5

Slope = θ 0.0 deg:=  Θ < 7.5 deg Slope = θ 24 deg:=  Θ = 22.5 deg  

Wind Direction γ = 0 deg (Worst pressure coefficents applied)

Load Case A CNW 1.2:= CNL 0.3:=

pW qh G CNW:= pW 20.01 psf=

PWva pW Bf α:= PWva 22.2 plf=

pL qh G CNL:= pL 5 psf=

PLva pL Bf α:= PLva 5.6 plf=

Load Case B CNW 1.1-:= CNL 0.1-:=

pW qh G CNW:= pW 18.35- psf=

PWvb pW Bf α:= PWvb 20.4- plf=

pL qh G CNL:= pL 1.67- psf=

PLvb pL Bf α:= PLvb 1.9- plf=
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 Pay Station Canopy Analysis (cont'd)

 Wind Load Analysis - Open Bldg, per Fig 27.3-4 & 27.3-5

Slope = θ 0.0 deg:=  Θ < 7.5 deg Slope = θ 24 deg:=  Θ = 22.5 deg  

Wind Direction γ = 180 deg (Worst pressure coefficents applied)

Load Case A CNW 1.2:= CNL 0.3:=

pW qh G CNW:= pW 20.01 psf=

PWva180 pW Bf α:= PWva180 22.2 plf=

pL qh G CNL:= pL 5 psf=

PLva180 pL Bf α:= PLva180 5.6 plf=

Load Case B CNW 1.1-:= CNL 0.1-:=

pW qh G CNW:= pW 18.35- psf=

PWvb180 pW Bf α:= PWvb180 20.4- plf=

pL qh G CNL:= pL 1.67- psf=

PLvb180 pL Bf α:= PLvb180 1.9- plf=
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 Pay Station Canopy Analysis (cont'd)

Wind load on arch canopy members - Other Structures/Equipment, per Sec. 29.4

Post
Diameter D1 prop2 Α, 

in 6.625 in=:=

h
D1

19.92=Height to Depth Ratio

Round Coefficient Factor D1 ft 1- qh psf 1- 2.45=

Wind force coefficient (Figure 29.4-1) Cf 1.2:=

Design wind load normal to surface 
(Eq. 29.4-1)

qw qh G Cf D1 11.0 plf=:=

Mast / Support Arm D3 pprop2 Β, 
in 3.5 in=:=Diameter

Height to Depth Ratio h
D3

37.71=

Round Coefficient Factor D3 ft 1- qh psf 1- 1.29=

Wind force coefficient (Figure 29.4-1) Cf 1.2:=

Design wind load normal to surface 
(Eq. 29.4-1)

qw qh G Cf D3 5.8 plf=:=
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 Pay Station Canopy Analysis (cont'd)

 Ice Weight ρi 56pcf:=

Importance Factor Ii 0.8:=

Topographic Factor Kzt 1.0=

Height Factor fz
HT ft 1-

33









0.10

0.9=:= (EQ. 10.4-4)

Equivalent Radial Ice Thickness t 1.50in:= (Fig. 10.4-2)

Design Ice Thickness td t Ii fz Kzt
0.35 1.08 in=:= (EQ. 10.4-5)

 Ice Cross Sectional Geometry

Post Ai1 π td D1 td+( ) 0.18ft2=:= (EQ. 10.4-1)

di1 D1 2 td+ 0.73ft=:=

Load per foot Di1 Ai1 ρi 10.11 plf=:=

Mast / Support Arm Ai3 π td D3 td+( ) 0.11ft2=:= (EQ. 10.4-1)

di3 D3 2 td+ 0.47ft=:=

Di3 Ai3 ρi 6.01 plf=:=Load per foot

Aluminum Cross Bar Acbi π td Dcb td+( ) 0.07 ft2=:= (EQ. 10-1)

Dcbi Dcb 2 td+ 4.15 in=:=

Dicb Acbi ρi 4.04 plf=:=

Load per foot of canopy Wcbi Dicb Lcb Strellis 53.81 plf=:=
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 Pay Station Canopy Analysis (cont'd)

 Wind Loading (Atmospheric Ice) Directional Procedure per ASCE 7-16, Chapter 27

3 Second Gust Speed (Ultimate) V 40 mph:= <- Per Fig. 10.4-2

Velocity Pressure qh 0.00256 Kz Kzt Kd Ke Vo
2 psf 2.96 psf=:=

Percent Solid (w/ice) αi Dcbi Strellis 0.271=:=

 Wind Load Analysis - Open Bldg, per Fig 27.3-4 & 27.3-5

Slope = θ 0.0 deg:=  Θ < 7.5 deg Slope = θ 24 deg:=  Θ = 22.5 deg  

Wind Direction γ = 0 deg (Worst pressure coefficents applied)

Load Case A CNW 1.2:= CNL 0.3:=

pW qh G CNW:= pW 3.02 psf=

PWvai pW Bf αi:= PWvai 7 plf=

pL qh G CNL:= pL 0.75 psf=

PLvai pL Bf αi:= PLvai 1.7 plf=

 Wind Load Analysis - Open Bldg, per Fig 27.3-4 & 27.3-5

Slope = θ 0.0 deg:=  Θ < 7.5 deg Slope = θ 24 deg:=  Θ = 22.5 deg  

Wind Direction γ = 180 deg (Worst pressure coefficents applied)

Load Case A CNW 1.2:= CNL 0.3:=

pW qh G CNW:= pW 3.02 psf=

PWva180i pW Bf αi:= PWva180i 6.954 plf=

pL qh G CNL:= pL 0.75 psf=

PLva180i pL Bf αi:= PLva180i 1.739 plf=
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 Pay Station Canopy Analysis (cont'd)

Wind load on arch canopy members ( + ice cross section) - Other Structures/Equipment, per Sec. 29.4

Post
di1 8.78 in=Diameter
h

di1
15.04=Height to Depth Ratio

Round Coefficient Factor di1 ft 1- qh psf 1- 1.26=

Wind force coefficient (Figure 29.4-1) Cf 1.2:=

Design wind load normal to surface 
(Eq. 29.4-1)

qw qh G Cf di1 2.2 plf=:=

Mast Arm / Support Arm
Diameter di3 5.65 in=

Height to Depth Ratio h
di3

23.36=

Round Coefficient Factor di3 ft 1- qh psf 1- 0.81=

Wind force coefficient (Figure 29.4-1) Cf 1.2:=

Design wind load normal to surface 
(Eq. 29.4-1)

qw qh G Cf di3 1.4 plf=:=
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 Pay Station Canopy Analysis (cont'd)

 Snow Load θs 70deg:=

Ground Snow Load pg 20psf:=

Exposure Factor Ce 1.0:= ASCE 7-16 Table 7.3-1

Thermal Factor Ct 1.2:= ASCE 7-16 Table 7.3-2

Importance Factor Is 0.8:= ASCE 7-16 Table 1.5-2

Flat Roof Snow Load pf 0.7 Ce Ct Is pg:= ASCE 7.3-1

Roof Snow Load PSL pf 13.44 psf=:=

Min Roof Snow Load PSLmin 0 pg 0=if

Is pg( ) pg 20psf<if

20psf Is( ) otherwise

16 psf=:=

pf max PSL PSLmin, ( ) 16 psf=:=

Snow Density γs min 0.13pg ft 14pcf+ 30pcf, ( ) 16.6 pcf=:=

Snow width
(trapezoid)

xs pf γs( ) tan θs( ) 4.21 in=:=

Mast / Support Arm
(per ASCE 7-16 7.13)

WSLi3 1.37di3
2 2( ) γs  di3

0.73pf

γs
if

di3 di3 2 xs-( )+

2
pf









otherwise

2.52 plf=:=

Cross Bar WSLcb
Lcb

Strellis
1.37Dcbi

2 2( ) γs  Dcbi
0.73pf

γs
if

Dcbi Dcbi 2 xs-( )+

2
pf

Lcb

Strellis
 otherwise

18.12 plf=:=
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Starling Madison Lofquist, Inc.
C. Soare
25-0593

Pay Station Arch SK-3
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Model Settings

Solution
Members

Number of Reported Sections 5
Number of Internal Sections 100
Member Area Load Mesh Size (in2) 144
Consider Shear Deformation Yes
Consider Torsional Warping Yes

Wall Panels
Approximate Mesh Size (in) 24
Transfer Forces Between Intersecting Wood Walls Yes
Increase Wood Wall Nailing Capacity for Wind Loads Yes
Include P-Delta for Walls Yes
Optimize Masonry and Wood Walls Yes
Maximum Number of Iterations 3

Processor Core Utilization
Single No
Multiple (Optimum) Yes
Maximum No

Axis
Vertical Global Axis

Global Axis corresponding to vertical direction Y
Convert Existing Data Yes

Default Member Orientation
Default Global Plane for z-axis XZ

Plate Axis
Plate Local Axis Orientation Global

Codes
Hot Rolled Steel AISC 15th (360-16): ASD
Stiffness Adjustment Yes (Iterative)
Notional Annex None
Connections AISC 14th (360-10): ASD
Cold Formed Steel AISI S100-16: ASD
Stiffness Adjustment Yes (Iterative)
Wood AWC NDS-18: ASD
Temperature < 100F
Concrete ACI 318-19
Masonry TMS 402-16: ASD
Aluminum AA ADM1-15: ASD
Structure Type Building
Stiffness Adjustment Yes (Iterative)
Stainless AISC 14th (360-10): ASD
Stiffness Adjustment Yes (Iterative)

Concrete
Compression Stress Block Rectangular Stress Block
Analyze using Cracked Sections Yes
Leave room for horizontal rebar splices (2*d bar spacing) Yes
List forces which were ignored for design in the Detail Report Yes

Rebar
Column Min Steel 1
Column Max Steel 8
Rebar Material Spec ASTM A615
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Model Settings (Continued)

Warn if beam-column framing arrangement is not understood No

Shear Reinforcement
Number of Shear Regions 4
Region 2 & 3 Spacing Increase Increment (in) 4

Seismic
RISA-3D Seismic Load Options

Code ASCE 7-16
Risk Category I or II
Drift Cat Other
Base Elevation (ft)
Include the weight of the structure in base shear calcs Yes

Site Parameters
S1 (g) 1
SD1 (g) 1
SDS (g) 1
TL (sec) 5

Structure Characteristics
T Z (sec)
T X (sec)
CtX 0.02
CtExp. Z 0.75
CtExp. X 0.75
R Z 3
R X 3
Ω0Z 1
Ω0X 1
CdZ 4
CdX 4
ρ Z 1
ρ X 1
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Node Coordinates
Label X [ft] Y [ft] Z [ft] Detach From Diaphragm

1 N1 0.632371 9.968007 0
2 N2 10.2 9.88 0
3 N3 9.63524 10.026725 0
4 N4 8.935097 10.161331 0
5 N5 8.231109 10.275223 0
6 N6 7.524044 10.368268 0
7 N7 6.814674 10.44037 0
8 N8 6.103426 10.491489 0
9 N9 5.39054 10.506069 0

10 N10 4.677696 10.486742 0
11 N11 3.96585 10.44637 0
12 N12 3.738687 10.42674 0
13 N13 3.255353 10.384974 0
14 N14 2.546971 10.302612 0
15 N15 1.841455 10.199377 0
16 N16 1.139658 10.075408 0
17 N17 0.769405 10.000834 0
18 N18 0.717749 11.559381 0
19 N19 1.195249 11.5486 0
20 N20 1.720028 11.517073 0
21 N21 2.243279 11.464501 0
22 N22 2.763961 11.390983 0
23 N23 3.281316 11.296627 0
24 N24 3.794415 11.181602 0
25 N25 4.302541 11.04607 0
26 N26 4.804756 10.89028 0
27 N27 5.299743 10.71467 0
28 N28 5.414902 10.670353 0
29 N29 5.502786 10.636363 0
30 N30 6.431842 10.467885 0
31 N31 0 12.062985 0
32 N32 0 0 0
33 N33 0.626983 11.559406 0
34 N34 0 11.559406 0
35 N35 0 9.797352 0
36 N36 5.7807 10.505 0
37 N37 -0.632371 9.968007 0
38 N38 -10.2 9.88 0
39 N39 -9.63524 10.026725 0
40 N40 -8.935097 10.161331 0
41 N41 -8.231109 10.275223 0
42 N42 -7.524044 10.368268 0
43 N43 -6.814674 10.44037 0
44 N44 -6.103426 10.491489 0
45 N45 -5.39054 10.506069 0
46 N46 -4.677696 10.486742 0
47 N47 -3.96585 10.44637 0
48 N48 -3.738687 10.42674 0
49 N49 -3.255353 10.384974 0
50 N50 -2.546971 10.302612 0
51 N51 -1.841455 10.199377 0
52 N52 -1.139658 10.075408 0
53 N53 -0.769405 10.000834 0
54 N54 -0.717749 11.559381 0
55 N55 -1.195249 11.5486 0
56 N56 -1.720028 11.517073 0
57 N57 -2.243279 11.464501 0
58 N58 -2.763961 11.390983 0
59 N59 -3.281316 11.296627 0
60 N60 -3.794415 11.181602 0
61 N61 -4.302541 11.04607 0
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Node Coordinates (Continued)
Label X [ft] Y [ft] Z [ft] Detach From Diaphragm

62 N62 -4.804756 10.89028 0
63 N63 -5.299743 10.71467 0
64 N64 -5.414902 10.670353 0
65 N65 -5.502786 10.636363 0
66 N66 -6.431842 10.467885 0
67 N69 -0.626983 11.559406 0
68 N72 -5.7807 10.505 0

Node Boundary Conditions
Node Label X [k/in] Y [k/in] Z [k/in] X Rot [k-ft/rad] Y Rot [k-ft/rad] Z Rot [k-ft/rad]

1 N32 Reaction Reaction Reaction Reaction Reaction Reaction

Hot Rolled Steel Properties
Label E [psi] G [psi] Nu Therm. Coeff. [1e⁵°F⁻¹] Density [lb/ft³] Yield [psi] Ry Fu [psi] Rt

1 A992 2.9e+07 1.115e+07 0.3 0.65 490 49999.999 1.1 64999.999 1.1
2 A36 Gr.36 2.9e+07 1.115e+07 0.3 0.65 490 36000 1.5 58000 1.2
3 A572 Gr.50 2.9e+07 1.115e+07 0.3 0.65 490 49999.999 1.1 64999.999 1.1
4 A500 Gr.B RND 2.9e+07 1.115e+07 0.3 0.65 527 42000 1.4 58000 1.3
5 A500 Gr.B RECT 2.9e+07 1.115e+07 0.3 0.65 527 46000 1.4 58000 1.3
6 A500 Gr.C RND 2.9e+07 1.115e+07 0.3 0.65 527 46000 1.4 62000 1.3
7 A500 Gr.C RECT 2.9e+07 1.115e+07 0.3 0.65 527 50000 1.4 62000 1.3
8 A53 Gr.B 2.9e+07 1.115e+07 0.3 0.65 490 35000 1.6 60000 1.2
9 A1085 2.9e+07 1.115e+07 0.3 0.65 490 50000 1.4 65000 1.3

10 A913 Gr.65 2.9e+07 1.115e+07 0.3 0.65 490 65000 1.1 80000 1.1
11 A500 Gr.42 2.9e+07 1.115e+07 0.3 0.65 490 42000.001 1.4 58000 1.3
12 A500 Gr.46 2.9e+07 1.115e+07 0.3 0.65 490 46000.001 1.4 58000 1.3
13 A53 Gr. B 2.9e+07 1.115e+07 0.3 0.65 490 35000.001 1.5 60000 1.2
14 A500 Gr. 50 2.9e+07 1.115e+07 0.3 0.65 490 49999.999 1.5 58000 1.2

Hot Rolled Steel Section Sets
Label Shape Type Design List Material Design Rule Area [in²] Iyy [in⁴] Izz [in⁴] J [in⁴]

1 HR1 W10X33 Beam Wide Flange A992 Typical 9.71 36.6 171 0.583

Hot Rolled Steel Design Parameters
Label Shape Length [ft] Lb y-y [ft] Lb z-z [ft] Lcomp top [ft] Lcomp bot [ft] L-Torque [ft] Function

1 M1 HSS3.500X0.216 0.655 0 0 0 0 0 Lateral
2 M2 HSS3.500X0.216 0.584 0 0 0 0 0 Lateral
3 M3 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
4 M4 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
5 M5 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
6 M6 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
7 M7 HSS3.500X0.216 0.384 0 0 0 0 0 Lateral
8 M8 HSS3.500X0.216 0.323 0 0 0 0 0 Lateral
9 M9 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral

10 M10 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
11 M11 HSS3.500X0.216 0.228 0 0 0 0 0 Lateral
12 M12 HSS3.500X0.216 0.485 0 0 0 0 0 Lateral
13 M13 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
14 M14 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
15 M15 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
16 M16 HSS3.500X0.216 0.378 0 0 0 0 0 Lateral
17 M17 HSS3.500X0.216 0.478 0 0 0 0 0 Lateral
18 M18 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
19 M19 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
20 M20 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
21 M21 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
22 M22 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
23 M23 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
24 M24 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
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Hot Rolled Steel Design Parameters (Continued)
Label Shape Length [ft] Lb y-y [ft] Lb z-z [ft] Lcomp top [ft] Lcomp bot [ft] L-Torque [ft] Function

25 M25 HSS3.500X0.216 0.525 0 0 0 0 0 Lateral
26 M26 HSS3.500X0.216 0.123 0 0 0 0 0 Lateral
27 M27 HSS3.500X0.216 0.307 0 0 0 0 0 Lateral
28 M28 HSS3.500X0.216 0.627 0 0 0 0 0 Lateral
29 M29 HSS3.500X0.216 0.329 0 0 0 0 0 Lateral
30 M30 HSS3.500X0.216 0.39 0 0 0 0 0 Lateral
31 M31 HSS6.625X0.280 12.063 0 0 0 0 0 Lateral
32 M32 HSS3.500X0.216 0.091 0 0 0 0 0 Lateral
33 M33 HSS3.500X0.216 0.094 0 0 0 0 0 Lateral
34 M34 HSS3.500X0.216 0.141 0 0 0 0 0 Lateral
35 M69 HSS3.500X0.216 0.655 0 0 0 0 0 Lateral
36 M70 HSS3.500X0.216 0.584 0 0 0 0 0 Lateral
37 M71 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
38 M72 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
39 M73 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
40 M74 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
41 M75 HSS3.500X0.216 0.384 0 0 0 0 0 Lateral
42 M76 HSS3.500X0.216 0.323 0 0 0 0 0 Lateral
43 M77 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
44 M78 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
45 M79 HSS3.500X0.216 0.228 0 0 0 0 0 Lateral
46 M80 HSS3.500X0.216 0.485 0 0 0 0 0 Lateral
47 M81 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
48 M82 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
49 M83 HSS3.500X0.216 0.713 0 0 0 0 0 Lateral
50 M84 HSS3.500X0.216 0.378 0 0 0 0 0 Lateral
51 M85 HSS3.500X0.216 0.478 0 0 0 0 0 Lateral
52 M86 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
53 M87 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
54 M88 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
55 M89 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
56 M90 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
57 M91 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
58 M92 HSS3.500X0.216 0.526 0 0 0 0 0 Lateral
59 M93 HSS3.500X0.216 0.525 0 0 0 0 0 Lateral
60 M94 HSS3.500X0.216 0.123 0 0 0 0 0 Lateral
61 M95 HSS3.500X0.216 0.307 0 0 0 0 0 Lateral
62 M96 HSS3.500X0.216 0.627 0 0 0 0 0 Lateral
63 M97 HSS3.500X0.216 0.329 0 0 0 0 0 Lateral
64 M98 HSS3.500X0.216 0.39 0 0 0 0 0 Lateral
65 M100 HSS3.500X0.216 0.091 0 0 0 0 0 Lateral
66 M101 HSS3.500X0.216 0.094 0 0 0 0 0 Lateral
67 M102 HSS3.500X0.216 0.141 0 0 0 0 0 Lateral

Nodal Loads and Enforced Displacements
No Data to Print...

Member Point Loads
No Data to Print...

Member Distributed Loads (BLC 1 : DL)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M102 Y -7.659 -7.659 0 %100
2 M98 Y -7.659 -7.659 0 %100
3 M82 Y -7.659 -7.659 0 %100
4 M80 Y -7.659 -7.659 0 %100
5 M79 Y -7.659 -7.659 0 %100
6 M78 Y -7.659 -7.659 0 %100
7 M73 Y -7.659 -7.659 0 %100
8 M83 Y -7.659 -7.659 0 %100
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Member Distributed Loads (BLC 1 : DL) (Continued)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

7 M73 Y -7.659 -7.659 0 %100
8 M83 Y -7.659 -7.659 0 %100
9 M84 Y -7.659 -7.659 0 %100

10 M72 Y -7.659 -7.659 0 %100
11 M70 Y -7.659 -7.659 0 %100
12 M81 Y -7.659 -7.659 0 %100
13 M74 Y -7.659 -7.659 0 %100
14 M69 Y -7.659 -7.659 0 %100
15 M34 Y -7.659 -7.659 0 %100
16 M30 Y -7.659 -7.659 0 %100
17 M29 Y -7.659 -7.659 0 %100
18 M77 Y -7.659 -7.659 0 %100
19 M97 Y -7.659 -7.659 0 %100
20 M16 Y -7.659 -7.659 0 %100
21 M71 Y -7.659 -7.659 0 %100
22 M14 Y -7.659 -7.659 0 %100
23 M13 Y -7.659 -7.659 0 %100
24 M11 Y -7.659 -7.659 0 %100
25 M10 Y -7.659 -7.659 0 %100
26 M75 Y -7.659 -7.659 0 %100
27 M9 Y -7.659 -7.659 0 %100
28 M8 Y -7.659 -7.659 0 %100
29 M12 Y -7.659 -7.659 0 %100
30 M76 Y -7.659 -7.659 0 %100
31 M5 Y -7.659 -7.659 0 %100
32 M4 Y -7.659 -7.659 0 %100
33 M2 Y -7.659 -7.659 0 %100
34 M6 Y -7.659 -7.659 0 %100
35 M7 Y -7.659 -7.659 0 %100
36 M1 Y -7.659 -7.659 0 %100
37 M3 Y -7.659 -7.659 0 %100
38 M15 Y -7.659 -7.659 0 %100

Member Distributed Loads (BLC 2 : Lr)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M15 Y -42.5 -42.5 0 %100
2 M3 Y -42.5 -42.5 0 %100
3 M1 Y -42.5 -42.5 0 %100
4 M7 Y -42.5 -42.5 0 %100
5 M6 Y -42.5 -42.5 0 %100
6 M2 Y -42.5 -42.5 0 %100
7 M4 Y -42.5 -42.5 0 %100
8 M5 Y -42.5 -42.5 0 %100
9 M12 Y -42.5 -42.5 0 %100

10 M8 Y -42.5 -42.5 0 %100
11 M9 Y -42.5 -42.5 0 %100
12 M10 Y -42.5 -42.5 0 %100
13 M11 Y -42.5 -42.5 0 %100
14 M13 Y -42.5 -42.5 0 %100
15 M14 Y -42.5 -42.5 0 %100
16 M16 Y -42.5 -42.5 0 %100
17 M29 Y -42.5 -42.5 0 %100
18 M30 Y -42.5 -42.5 0 %100
19 M34 Y -42.5 -42.5 0 %100

Member Distributed Loads (BLC 3 : WL-A)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M3 y -22.22 -22.22 0 %100
2 M7 y -22.22 -22.22 0 %100
3 M6 y -22.22 -22.22 0 %100
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Member Distributed Loads (BLC 3 : WL-A) (Continued)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

4 M2 y -22.22 -22.22 0 %100
5 M4 y -22.22 -22.22 0 %100
6 M5 y -22.22 -22.22 0 %100
7 M8 y -22.22 -22.22 0 %100
8 M77 y -22.22 -22.22 0 %100
9 M29 y -22.22 -22.22 0 %100

10 M69 y -22.22 -22.22 0 %100
11 M81 y -22.22 -22.22 0 %100
12 M84 y -22.22 -22.22 0 %100
13 M83 y -22.22 -22.22 0 %100
14 M78 y -22.22 -22.22 0 %100
15 M79 y -22.22 -22.22 0 %100
16 M80 y -22.22 -22.22 0 %100
17 M82 y -22.22 -22.22 0 %100
18 M102 y -22.22 -22.22 0 %100
19 M98 y -5.555 -5.555 0 %100
20 M73 y -5.555 -5.555 0 %100
21 M72 y -5.555 -5.555 0 %100
22 M70 y -5.555 -5.555 0 %100
23 M74 y -5.555 -5.555 0 %100
24 M34 y -5.555 -5.555 0 %100
25 M30 y -5.555 -5.555 0 %100
26 M97 y -5.555 -5.555 0 %100
27 M16 y -5.555 -5.555 0 %100
28 M71 y -5.555 -5.555 0 %100
29 M14 y -5.555 -5.555 0 %100
30 M13 y -5.555 -5.555 0 %100
31 M11 y -5.555 -5.555 0 %100
32 M10 y -5.555 -5.555 0 %100
33 M75 y -5.555 -5.555 0 %100
34 M9 y -5.555 -5.555 0 %100
35 M12 y -5.555 -5.555 0 %100
36 M76 y -5.555 -5.555 0 %100
37 M1 y -5.555 -5.555 0 %100
38 M15 y -5.555 -5.555 0 %100
39 M31 X -11.05 -11.05 0 %100

Member Distributed Loads (BLC 4 : WL-B)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M73 y 1.852 1.852 0 %100
2 M72 y 1.852 1.852 0 %100
3 M70 y 1.852 1.852 0 %100
4 M74 y 1.852 1.852 0 %100
5 M34 y 1.852 1.852 0 %100
6 M30 y 1.852 1.852 0 %100
7 M97 y 1.852 1.852 0 %100
8 M16 y 1.852 1.852 0 %100
9 M71 y 1.852 1.852 0 %100

10 M14 y 1.852 1.852 0 %100
11 M13 y 1.852 1.852 0 %100
12 M11 y 1.852 1.852 0 %100
13 M10 y 1.852 1.852 0 %100
14 M75 y 1.852 1.852 0 %100
15 M9 y 1.852 1.852 0 %100
16 M12 y 1.852 1.852 0 %100
17 M76 y 1.852 1.852 0 %100
18 M1 y 1.852 1.852 0 %100
19 M15 y 1.852 1.852 0 %100
20 M98 y 1.852 1.852 0 %100
21 M3 y 20.368 20.368 0 %100
22 M7 y 20.368 20.368 0 %100
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Member Distributed Loads (BLC 4 : WL-B) (Continued)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

23 M6 y 20.368 20.368 0 %100
24 M2 y 20.368 20.368 0 %100
25 M4 y 20.368 20.368 0 %100
26 M5 y 20.368 20.368 0 %100
27 M8 y 20.368 20.368 0 %100
28 M77 y 20.368 20.368 0 %100
29 M29 y 20.368 20.368 0 %100
30 M69 y 20.368 20.368 0 %100
31 M81 y 20.368 20.368 0 %100
32 M84 y 20.368 20.368 0 %100
33 M83 y 20.368 20.368 0 %100
34 M78 y 20.368 20.368 0 %100
35 M79 y 20.368 20.368 0 %100
36 M80 y 20.368 20.368 0 %100
37 M82 y 20.368 20.368 0 %100
38 M102 y 20.368 20.368 0 %100
39 M31 X -11.05 -11.05 0 %100

Member Distributed Loads (BLC 5 : ELz)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M15 Z 0.65 0.65 0 %100
2 M3 Z 0.65 0.65 0 %100
3 M1 Z 0.65 0.65 0 %100
4 M7 Z 0.65 0.65 0 %100
5 M6 Z 0.65 0.65 0 %100
6 M2 Z 0.65 0.65 0 %100
7 M4 Z 0.65 0.65 0 %100
8 M5 Z 0.65 0.65 0 %100
9 M76 Z 0.65 0.65 0 %100

10 M12 Z 0.65 0.65 0 %100
11 M8 Z 0.65 0.65 0 %100
12 M9 Z 0.65 0.65 0 %100
13 M75 Z 0.65 0.65 0 %100
14 M10 Z 0.65 0.65 0 %100
15 M11 Z 0.65 0.65 0 %100
16 M13 Z 0.65 0.65 0 %100
17 M14 Z 0.65 0.65 0 %100
18 M71 Z 0.65 0.65 0 %100
19 M16 Z 0.65 0.65 0 %100
20 M97 Z 0.65 0.65 0 %100
21 M77 Z 0.65 0.65 0 %100
22 M29 Z 0.65 0.65 0 %100
23 M30 Z 0.65 0.65 0 %100
24 M34 Z 0.65 0.65 0 %100
25 M69 Z 0.65 0.65 0 %100
26 M74 Z 0.65 0.65 0 %100
27 M81 Z 0.65 0.65 0 %100
28 M70 Z 0.65 0.65 0 %100
29 M72 Z 0.65 0.65 0 %100
30 M84 Z 0.65 0.65 0 %100
31 M83 Z 0.65 0.65 0 %100
32 M73 Z 0.65 0.65 0 %100
33 M78 Z 0.65 0.65 0 %100
34 M79 Z 0.65 0.65 0 %100
35 M80 Z 0.65 0.65 0 %100
36 M82 Z 0.65 0.65 0 %100
37 M98 Z 0.65 0.65 0 %100
38 M102 Z 0.65 0.65 0 %100
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Member Distributed Loads (BLC 6 : ELx)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M15 X 0.65 0.65 0 %100
2 M3 X 0.65 0.65 0 %100
3 M1 X 0.65 0.65 0 %100
4 M7 X 0.65 0.65 0 %100
5 M6 X 0.65 0.65 0 %100
6 M2 X 0.65 0.65 0 %100
7 M4 X 0.65 0.65 0 %100
8 M5 X 0.65 0.65 0 %100
9 M76 X 0.65 0.65 0 %100

10 M12 X 0.65 0.65 0 %100
11 M8 X 0.65 0.65 0 %100
12 M9 X 0.65 0.65 0 %100
13 M75 X 0.65 0.65 0 %100
14 M10 X 0.65 0.65 0 %100
15 M11 X 0.65 0.65 0 %100
16 M13 X 0.65 0.65 0 %100
17 M14 X 0.65 0.65 0 %100
18 M71 X 0.65 0.65 0 %100
19 M16 X 0.65 0.65 0 %100
20 M97 X 0.65 0.65 0 %100
21 M77 X 0.65 0.65 0 %100
22 M29 X 0.65 0.65 0 %100
23 M30 X 0.65 0.65 0 %100
24 M34 X 0.65 0.65 0 %100
25 M69 X 0.65 0.65 0 %100
26 M74 X 0.65 0.65 0 %100
27 M81 X 0.65 0.65 0 %100
28 M70 X 0.65 0.65 0 %100
29 M72 X 0.65 0.65 0 %100
30 M84 X 0.65 0.65 0 %100
31 M83 X 0.65 0.65 0 %100
32 M73 X 0.65 0.65 0 %100
33 M78 X 0.65 0.65 0 %100
34 M79 X 0.65 0.65 0 %100
35 M80 X 0.65 0.65 0 %100
36 M82 X 0.65 0.65 0 %100
37 M98 X 0.65 0.65 0 %100
38 M102 X 0.65 0.65 0 %100

Member Distributed Loads (BLC 7 : ELy)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M15 Y -0.16 -0.16 0 %100
2 M3 Y -0.16 -0.16 0 %100
3 M1 Y -0.16 -0.16 0 %100
4 M7 Y -0.16 -0.16 0 %100
5 M6 Y -0.16 -0.16 0 %100
6 M2 Y -0.16 -0.16 0 %100
7 M4 Y -0.16 -0.16 0 %100
8 M5 Y -0.16 -0.16 0 %100
9 M76 Y -0.16 -0.16 0 %100

10 M12 Y -0.16 -0.16 0 %100
11 M8 Y -0.16 -0.16 0 %100
12 M9 Y -0.16 -0.16 0 %100
13 M75 Y -0.16 -0.16 0 %100
14 M10 Y -0.16 -0.16 0 %100
15 M11 Y -0.16 -0.16 0 %100
16 M13 Y -0.16 -0.16 0 %100
17 M14 Y -0.16 -0.16 0 %100
18 M71 Y -0.16 -0.16 0 %100
19 M16 Y -0.16 -0.16 0 %100
20 M97 Y -0.16 -0.16 0 %100
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Member Distributed Loads (BLC 7 : ELy) (Continued)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

21 M77 Y -0.16 -0.16 0 %100
22 M29 Y -0.16 -0.16 0 %100
23 M30 Y -0.16 -0.16 0 %100
24 M34 Y -0.16 -0.16 0 %100
25 M69 Y -0.16 -0.16 0 %100
26 M74 Y -0.16 -0.16 0 %100
27 M81 Y -0.16 -0.16 0 %100
28 M70 Y -0.16 -0.16 0 %100
29 M72 Y -0.16 -0.16 0 %100
30 M84 Y -0.16 -0.16 0 %100
31 M83 Y -0.16 -0.16 0 %100
32 M73 Y -0.16 -0.16 0 %100
33 M78 Y -0.16 -0.16 0 %100
34 M79 Y -0.16 -0.16 0 %100
35 M80 Y -0.16 -0.16 0 %100
36 M82 Y -0.16 -0.16 0 %100
37 M98 Y -0.16 -0.16 0 %100
38 M102 Y -0.16 -0.16 0 %100

Member Distributed Loads (BLC 8 : WL-Lat (w/ice))
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M15 Z 1.421 1.421 0 %100
2 M3 Z 1.421 1.421 0 %100
3 M22 Z 1.421 1.421 0 %100
4 M21 Z 1.421 1.421 0 %100
5 M1 Z 1.421 1.421 0 %100
6 M7 Z 1.421 1.421 0 %100
7 M6 Z 1.421 1.421 0 %100
8 M2 Z 1.421 1.421 0 %100
9 M4 Z 1.421 1.421 0 %100

10 M5 Z 1.421 1.421 0 %100
11 M76 Z 1.421 1.421 0 %100
12 M12 Z 1.421 1.421 0 %100
13 M8 Z 1.421 1.421 0 %100
14 M18 Z 1.421 1.421 0 %100
15 M9 Z 1.421 1.421 0 %100
16 M75 Z 1.421 1.421 0 %100
17 M10 Z 1.421 1.421 0 %100
18 M28 Z 1.421 1.421 0 %100
19 M11 Z 1.421 1.421 0 %100
20 M13 Z 1.421 1.421 0 %100
21 M87 Z 1.421 1.421 0 %100
22 M14 Z 1.421 1.421 0 %100
23 M71 Z 1.421 1.421 0 %100
24 M16 Z 1.421 1.421 0 %100
25 M17 Z 1.421 1.421 0 %100
26 M97 Z 1.421 1.421 0 %100
27 M23 Z 1.421 1.421 0 %100
28 M19 Z 1.421 1.421 0 %100
29 M77 Z 1.421 1.421 0 %100
30 M20 Z 1.421 1.421 0 %100
31 M24 Z 1.421 1.421 0 %100
32 M25 Z 1.421 1.421 0 %100
33 M94 Z 1.421 1.421 0 %100
34 M26 Z 1.421 1.421 0 %100
35 M27 Z 1.421 1.421 0 %100
36 M91 Z 1.421 1.421 0 %100
37 M29 Z 1.421 1.421 0 %100
38 M90 Z 1.421 1.421 0 %100
39 M30 Z 1.421 1.421 0 %100
40 M92 Z 1.421 1.421 0 %100
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Member Distributed Loads (BLC 8 : WL-Lat (w/ice)) (Continued)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

41 M32 Z 1.421 1.421 0 %100
42 M89 Z 1.421 1.421 0 %100
43 M33 Z 1.421 1.421 0 %100
44 M34 Z 1.421 1.421 0 %100
45 M69 Z 1.421 1.421 0 %100
46 M93 Z 1.421 1.421 0 %100
47 M74 Z 1.421 1.421 0 %100
48 M81 Z 1.421 1.421 0 %100
49 M70 Z 1.421 1.421 0 %100
50 M72 Z 1.421 1.421 0 %100
51 M85 Z 1.421 1.421 0 %100
52 M84 Z 1.421 1.421 0 %100
53 M83 Z 1.421 1.421 0 %100
54 M73 Z 1.421 1.421 0 %100
55 M78 Z 1.421 1.421 0 %100
56 M79 Z 1.421 1.421 0 %100
57 M80 Z 1.421 1.421 0 %100
58 M82 Z 1.421 1.421 0 %100
59 M86 Z 1.421 1.421 0 %100
60 M88 Z 1.421 1.421 0 %100
61 M95 Z 1.421 1.421 0 %100
62 M96 Z 1.421 1.421 0 %100
63 M98 Z 1.421 1.421 0 %100
64 M100 Z 1.421 1.421 0 %100
65 M101 Z 1.421 1.421 0 %100
66 M102 Z 1.421 1.421 0 %100
67 M31 Z 2.207 2.207 0 %100

Member Distributed Loads (BLC 9 : DL-Ice)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M102 Y -59.822 -59.822 0 %100
2 M98 Y -59.822 -59.822 0 %100
3 M82 Y -59.822 -59.822 0 %100
4 M80 Y -59.822 -59.822 0 %100
5 M79 Y -59.822 -59.822 0 %100
6 M78 Y -59.822 -59.822 0 %100
7 M73 Y -59.822 -59.822 0 %100
8 M83 Y -59.822 -59.822 0 %100
9 M84 Y -59.822 -59.822 0 %100

10 M72 Y -59.822 -59.822 0 %100
11 M70 Y -59.822 -59.822 0 %100
12 M81 Y -59.822 -59.822 0 %100
13 M74 Y -59.822 -59.822 0 %100
14 M69 Y -59.822 -59.822 0 %100
15 M34 Y -59.822 -59.822 0 %100
16 M30 Y -59.822 -59.822 0 %100
17 M29 Y -59.822 -59.822 0 %100
18 M77 Y -59.822 -59.822 0 %100
19 M97 Y -59.822 -59.822 0 %100
20 M16 Y -59.822 -59.822 0 %100
21 M71 Y -59.822 -59.822 0 %100
22 M14 Y -59.822 -59.822 0 %100
23 M13 Y -59.822 -59.822 0 %100
24 M11 Y -59.822 -59.822 0 %100
25 M10 Y -59.822 -59.822 0 %100
26 M75 Y -59.822 -59.822 0 %100
27 M9 Y -59.822 -59.822 0 %100
28 M8 Y -59.822 -59.822 0 %100
29 M12 Y -59.822 -59.822 0 %100
30 M76 Y -59.822 -59.822 0 %100
31 M5 Y -59.822 -59.822 0 %100
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Member Distributed Loads (BLC 9 : DL-Ice) (Continued)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

32 M4 Y -59.822 -59.822 0 %100
33 M2 Y -59.822 -59.822 0 %100
34 M6 Y -59.822 -59.822 0 %100
35 M7 Y -59.822 -59.822 0 %100
36 M1 Y -59.822 -59.822 0 %100
37 M3 Y -59.822 -59.822 0 %100
38 M15 Y -59.822 -59.822 0 %100
39 M31 Y -10.114 -10.114 0 %100
40 M101 Y -6.01 -6.01 0 %100
41 M100 Y -6.01 -6.01 0 %100
42 M96 Y -6.01 -6.01 0 %100
43 M95 Y -6.01 -6.01 0 %100
44 M88 Y -6.01 -6.01 0 %100
45 M86 Y -6.01 -6.01 0 %100
46 M85 Y -6.01 -6.01 0 %100
47 M93 Y -6.01 -6.01 0 %100
48 M33 Y -6.01 -6.01 0 %100
49 M89 Y -6.01 -6.01 0 %100
50 M32 Y -6.01 -6.01 0 %100
51 M92 Y -6.01 -6.01 0 %100
52 M90 Y -6.01 -6.01 0 %100
53 M91 Y -6.01 -6.01 0 %100
54 M27 Y -6.01 -6.01 0 %100
55 M26 Y -6.01 -6.01 0 %100
56 M94 Y -6.01 -6.01 0 %100
57 M25 Y -6.01 -6.01 0 %100
58 M24 Y -6.01 -6.01 0 %100
59 M20 Y -6.01 -6.01 0 %100
60 M19 Y -6.01 -6.01 0 %100
61 M23 Y -6.01 -6.01 0 %100
62 M17 Y -6.01 -6.01 0 %100
63 M87 Y -6.01 -6.01 0 %100
64 M28 Y -6.01 -6.01 0 %100
65 M18 Y -6.01 -6.01 0 %100
66 M21 Y -6.01 -6.01 0 %100
67 M22 Y -6.01 -6.01 0 %100

Member Distributed Loads (BLC 10 : SL)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M34 Y -20.641 -20.641 0 %100
2 M30 Y -20.641 -20.641 0 %100
3 M29 Y -20.641 -20.641 0 %100
4 M16 Y -20.641 -20.641 0 %100
5 M14 Y -20.641 -20.641 0 %100
6 M13 Y -20.641 -20.641 0 %100
7 M11 Y -20.641 -20.641 0 %100
8 M10 Y -20.641 -20.641 0 %100
9 M9 Y -20.641 -20.641 0 %100

10 M8 Y -20.641 -20.641 0 %100
11 M12 Y -20.641 -20.641 0 %100
12 M5 Y -20.641 -20.641 0 %100
13 M4 Y -20.641 -20.641 0 %100
14 M2 Y -20.641 -20.641 0 %100
15 M6 Y -20.641 -20.641 0 %100
16 M7 Y -20.641 -20.641 0 %100
17 M1 Y -20.641 -20.641 0 %100
18 M3 Y -20.641 -20.641 0 %100
19 M15 Y -20.641 -20.641 0 %100
20 M22 Y -1.738 -1.738 0 %100
21 M21 Y -1.738 -1.738 0 %100
22 M18 Y -1.738 -1.738 0 %100
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Member Distributed Loads (BLC 10 : SL) (Continued)
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

23 M28 Y -1.738 -1.738 0 %100
24 M17 Y -1.738 -1.738 0 %100
25 M23 Y -1.738 -1.738 0 %100
26 M19 Y -1.738 -1.738 0 %100
27 M20 Y -1.738 -1.738 0 %100
28 M24 Y -1.738 -1.738 0 %100
29 M25 Y -1.738 -1.738 0 %100
30 M26 Y -1.738 -1.738 0 %100
31 M27 Y -1.738 -1.738 0 %100
32 M32 Y -1.738 -1.738 0 %100
33 M33 Y -1.738 -1.738 0 %100

Member Distributed Loads (BLC 11 : WL-A (ice))
Member LabelDirection Start Magnitude [lb/ft, F, psf, lb-ft/ft] End Magnitude [lb/ft, F, psf, lb-ft/ft] Start Location [(ft, %)] End Location [(ft, %)]

1 M98 y -1.738 -1.738 0 %100
2 M73 y -1.738 -1.738 0 %100
3 M72 y -1.738 -1.738 0 %100
4 M70 y -1.738 -1.738 0 %100
5 M74 y -1.738 -1.738 0 %100
6 M34 y -1.738 -1.738 0 %100
7 M97 y -1.738 -1.738 0 %100
8 M16 y -1.738 -1.738 0 %100
9 M71 y -1.738 -1.738 0 %100

10 M14 y -1.738 -1.738 0 %100
11 M13 y -1.738 -1.738 0 %100
12 M11 y -1.738 -1.738 0 %100
13 M10 y -1.738 -1.738 0 %100
14 M75 y -1.738 -1.738 0 %100
15 M9 y -1.738 -1.738 0 %100
16 M12 y -1.738 -1.738 0 %100
17 M76 y -1.738 -1.738 0 %100
18 M1 y -1.738 -1.738 0 %100
19 M15 y -1.738 -1.738 0 %100
20 M3 y -6.954 -6.954 0 %100
21 M7 y -6.954 -6.954 0 %100
22 M6 y -6.954 -6.954 0 %100
23 M2 y -6.954 -6.954 0 %100
24 M4 y -6.954 -6.954 0 %100
25 M5 y -6.954 -6.954 0 %100
26 M8 y -6.954 -6.954 0 %100
27 M77 y -6.954 -6.954 0 %100
28 M29 y -6.954 -6.954 0 %100
29 M30 y -6.954 -6.954 0 %100
30 M69 y -6.954 -6.954 0 %100
31 M81 y -6.954 -6.954 0 %100
32 M84 y -6.954 -6.954 0 %100
33 M83 y -6.954 -6.954 0 %100
34 M78 y -6.954 -6.954 0 %100
35 M79 y -6.954 -6.954 0 %100
36 M80 y -6.954 -6.954 0 %100
37 M82 y -6.954 -6.954 0 %100
38 M102 y -6.954 -6.954 0 %100
39 M31 X -2.207 -2.207 0 %100

Basic Load Cases
BLC Description Category X Gravity Y Gravity Z Gravity Distributed

1 DL None -1 38
2 Lr LL 19
3 WL-A None 39
4 WL-B None 39
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Basic Load Cases (Continued)
BLC Description Category X Gravity Y Gravity Z Gravity Distributed

5 ELz None 0.09 38
6 ELx None 0.09 38
7 ELy None -0.02 38
8 WL-Lat (w/ice) None 67
9 DL-Ice None 67

10 SL None 33
11 WL-A (ice) None 39

Load Combinations
Description Solve PDelta BLC Factor BLC Factor BLC Factor BLC Factor

1 D Yes C 1 1
2 D+Lr Yes C 1 1 2 1
3 D + S Yes C 1 1
4 D+0.6*WA Yes C 1 1 3 0.6
5 0.6*D+0.6*WB Yes C 1 0.6 4 0.6
6 D+0.45*WA+0.75*Lr Yes C 1 1 3 0.45 2 0.75
7 D +0.7ELx + 0.7ELy Yes C 1 1 6 0.7 7 0.7
8 D+0.7ELz+0.7ELy Yes C 1 1 5 0.7 7 0.7
9 0.6D-0.7ELx-0.7ELy Yes C 1 0.6 6 -0.7 7 -0.7

10 0.6D-0.7ELz-0.7ELy Yes C 1 0.6 5 -0.7 7 -0.7
11 D+0.7Di+0.7WL-Lat+S Yes C 1 1 9 0.7 8 0.7 10 1
12 D+0.7Di+0.7WA(ice)+S Yes C 1 1 9 0.7 11 0.7 10 1
13 1.4*D Yes C 1 1.4
14 1.2D+1.6Lr+0.5WA Yes C 1 1.2 2 1.6 3 0.5
15 1.2D+1.6S+0.5WA Yes C 1 1.2 10 1.6 3 0.5
16 1.2*D+0.5Lr+WA Yes C 1 1.2 2 0.5 3 1
17 1.2D+0.5S+WA Yes C 1 1.2 10 0.5 3 1
18 0.9*D+WB Yes C 1 0.9 4 1
19 1.2D+ELx+ELy Yes C 1 1.2 6 1 7 1
20 1.2D+ELz+ELy Yes C 1 1.2 5 1 7 1
21 0.9D-ELx-ELy Yes C 1 0.9 6 -1 7 -1
22 0.9D-ELz-ELy Yes C 1 0.9 5 -1 7 -1
23 1.2D+Di+WL-Lat+0.5S Yes C 1 1.2 9 1 8 1 10 0.5
24 1.2D+Di+WA(ice)+0.5S Yes C 1 1.2 9 1 11 1 10 0.5

Load Combination Design
Description Service Hot Rolled Cold Formed Wood Concrete Masonry Aluminum Stainless Connection

1 D Yes
2 D+Lr Yes
3 D + S Yes
4 D+0.6*WA Yes
5 0.6*D+0.6*WB Yes
6 D+0.45*WA+0.75*Lr Yes
7 D +0.7ELx + 0.7ELy Yes
8 D+0.7ELz+0.7ELy Yes
9 0.6D-0.7ELx-0.7ELy Yes

10 0.6D-0.7ELz-0.7ELy Yes
11 D+0.7Di+0.7WL-Lat+S Yes
12 D+0.7Di+0.7WA(ice)+S Yes
13 1.4*D
14 1.2D+1.6Lr+0.5WA
15 1.2D+1.6S+0.5WA
16 1.2*D+0.5Lr+WA
17 1.2D+0.5S+WA
18 0.9*D+WB
19 1.2D+ELx+ELy
20 1.2D+ELz+ELy
21 0.9D-ELx-ELy
22 0.9D-ELz-ELy
23 1.2D+Di+WL-Lat+0.5S
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Load Combination Design (Continued)
Description Service Hot Rolled Cold Formed Wood Concrete Masonry Aluminum Stainless Connection

24 1.2D+Di+WA(ice)+0.5S

Envelope Maximum Member Section Forces

Member Axial[lb] Loc[ft]LCy Shear[lb]Loc[ft]LCz Shear[lb]Loc[ft]LCTorque[lb-ft]Loc[ft]LCy-y Moment[lb-ft]Loc[ft]LCz-z Moment[lb-ft]Loc[ft]LC
1 M1 max2346.3230.65512 169.363 0 12 6.391 0.65510 7.392 0.65511 26.487 0.65510 116.713 0 2
2 min 13.603 0 5 -27.033 0.655 5 -8.468 0.65511 -5.548 0 10 -36.759 0.65511 -38.297 0.655 4
3 M2 max 0 0 12 2.137 0.584 5 0.497 0.58410 0 0.58412 0.145 0.58410 13.558 0.58412
4 min -11.335 0.58412 -46.47 0.58412 -0.58 0.58411 0 0 1 -0.169 0.58411 -0.624 0.584 5
5 M3 max -0.463 0 9 4.572 0.713 5 1.104 0.71310 0.011 0.71311 0.715 0.71310 67.658 0.71312
6 min -18.909 0.71311 -104.661 0.71312 -1.29 0.71311 -0.009 0 10 -0.836 0.71311 -2.984 0.713 5
7 M4 max -0.697 0 9 6.983 0.713 5 1.711 0.71310 0.036 0.71311 1.718 0.71310 163.288 0.71312
8 min -24.794 0.71311 -163.025 0.71312 -1.999 0.71311 -0.03 0 10 -2.008 0.71311 -7.076 0.713 5
9 M5 max -0.567 0 9 9.332 0.713 5 2.318 0.71310 0.095 0.71311 3.153 0.71310 300.73 0.71312

10 min -27.443 0.71311 -221.77 0.71312 -2.708 0.71311 -0.081 0 10 -3.684 0.71311 -12.853 0.713 5
11 M6 max -0.07 0 9 11.628 0.713 5 2.925 0.71310 0.204 0.71311 5.019 0.71310 480.128 0.71312
12 min -26.84 0.71311 -280.736 0.71312 -3.418 0.71311 -0.174 0 10 -5.864 0.71311 -20.273 0.713 5
13 M7 max 0.88 0.384 9 12.76 0.384 5 3.252 0.38410 0.377 0.38411 6.197 0.38410 594.159 0.38412
14 min -21.153 0.38411 -312.819 0.38412 -3.799 0.38411 -0.322 0 10 -7.24 0.38411 -24.92 0.384 5
15 M8 max 3.303 0 4 14.773 0.323 5 3.807 0.32310 0.632 0.32311 8.486 0.32310 815.795 0.32312
16 min -14.45 0.32311 -366.786 0.32312 -4.448 0.32311 -0.541 0 10 -9.915 0.32311 -33.901 0.323 5
17 M9 max2302.4070.71312 12.348 0 5 2.381 0.71310 2.483 0.71311 6.493 0.71310 119.152 0.71312
18 min 6.423 0 5 -66.542 0.71312 -3.993 0.71311 -2.007 0 10 -8.096 0.71311 -22.661 0.713 5
19 M10 max2306.0270.71312 7.029 0 5 2.988 0.71310 2.722 0.71311 8.345 0.71310 137.541 0.71312
20 min 6.389 0 5 -53.721 0.71312 -4.714 0.71311 -2.198 0 10 -11.127 0.71311 -25.711 0.713 5
21 M11 max2307.6830.22812 15.219 0 11 3.183 0.22810 3.049 0.22811 8.98 0.22810 137.541 0 12
22 min 6.698 0 5 -14.726 0.228 2 -4.959 0.22811 -2.443 0 10 -12.147 0.22811 -25.905 0.223 5
23 M12 max 2310.91 0.48512 -0.029 0 5 3.593 0.48510 3.049 0.48511 10.623 0.48510 146.61 0.48512
24 min 6.872 0 5 -42.209 0.485 2 -5.408 0.48511 -2.443 0 10 -14.654 0.48511 -25.905 0 5
25 M13 max2317.0440.71312 28.48 0 12 4.199 0.71310 3.481 0.71311 13.324 0.71310 146.61 0 12
26 min 7.35 0 5 -34.835 0.713 2 -6.105 0.71311 -2.756 0 10 -18.658 0.71311 -24.985 0 5
27 M14 max2324.4140.71312 42.13 0 12 4.801 0.71310 4.03 0.71311 16.444 0.71310 146.122 0 12
28 min 8.341 0 5 -27.068 0.713 2 -6.769 0.71311 -3.148 0 10 -23.121 0.71311 -20.504 0 5
29 M15 max2332.9950.71312 56.147 0 12 5.402 0.71310 4.712 0.71311 19.977 0.71310 135.823 0 12
30 min 9.67 0 5 -19.353 0.713 5 -7.408 0.71311 -3.633 0 10 -28.019 0.71311 -12.306 0 5
31 M16 max2337.7790.37812 57.324 0 12 5.717 0.37810 5.38 0.37811 21.983 0.37810 128.1 0 2
32 min 11.226 0 5 -21.943 0.378 5 -7.716 0.37811 -4.109 0 10 -30.741 0.37811 -0.442 0 5
33 M17 max -14.86 0.478 5 357.485 0 12 4.502 0 10 2.381 0.47811 31.037 0 11 230.704 0 12
34 min-2305.812 0 12 20.471 0.478 5 -7.583 0 11 -1.837 0 10 -21.708 0 10 10.714 0.47810
35 M18 max -15.482 0.526 5 264.739 0 12 4.312 0 10 1.349 0.52611 27.599 0 11 61.446 0 12
36 min-2317.201 0 12 17.672 0.526 5 -7.108 0 11 -1.103 0 10 -19.658 0 10 -75.938 0.52612
37 M19 max -15.955 0.526 5 164.745 0 12 4.104 0 10 0.405 0.526 8 24.034 0 11 1.686 0 5
38 min-2325.273 0 12 14.815 0.526 5 -6.585 0 11 -0.402 0 10 -17.476 0 10 -160.783 0.52612
39 M20 max -16.224 0.526 5 64.539 0 12 3.895 0 10 0.215 0.52610 20.708 0 11 -6.689 0 5
40 min-2329.053 0 12 9.463 0.526 9 -6.062 0 11 -0.446 0 11 -15.376 0 10 -192.938 0.52612
41 M21 max -16.29 0.526 5 11.291 0 5 3.687 0 10 0.752 0.52610 17.626 0 11 -13.554 0 5
42 min-2328.538 0 12 -42.43 0.52612 -5.539 0 11 -1.154 0 11 -13.363 0 10 -192.938 0 12
43 M22 max -16.153 0.526 5 8.433 0 5 3.479 0 10 1.212 0.52610 14.792 0 11 -16.98 0.526 9
44 min-2323.733 0 12 -142.451 0.52612 -5.016 0 11 -1.749 0 11 -11.44 0 10 -172.396 0 12
45 M23 max -15.816 0.526 5 5.601 0 5 3.27 0 10 1.599 0.52610 12.212 0 11 35.519 0.526 6
46 min -2314.65 0 12 -242.122 0.52612 -4.493 0 11 -2.24 0 11 -9.609 0 10 -99.492 0 11
47 M24 max -15.28 0.526 5 2.806 0 5 3.062 0 10 1.916 0.52610 9.889 0 11 204.065 0.52612
48 min-2301.309 0 12 -341.26 0.52612 -3.969 0 11 -2.639 0 11 -7.873 0 10 -26.068 0.526 5
49 M25 max -14.548 0.525 5 0.059 0 5 2.853 0 10 2.168 0.52510 7.827 0 11 433.298 0.52512
50 min-2283.738 0 12 -439.678 0.52512 -3.446 0 11 -2.956 0 11 -6.236 0 10 -26.069 0.016 5
51 M26 max -14.301 0.123 5 -2.427 0 5 2.645 0 10 2.294 0.12310 6.074 0 11 495.069 0.12312
52 min-2269.026 0 12 -501.358 0.12312 -2.924 0 11 -3.117 0 11 -4.733 0 10 -25.548 0 5
53 M27 max -13.317 0.307 5 -4.329 0 5 2.559 0 10 2.597 0.30710 5.215 0 11 748.988 0.30712
54 min-2224.531 0 12 -672.82 0.30712 -2.707 0 11 -3.514 0 11 -3.986 0 10 -24.923 0 5
55 M28 max -14.394 0.627 5 -23.215 0 5 4.786 0.62710 3.081 0.62711 24.994 0.62710 527.934 0.62712
56 min-2297.155 0 12 -418.788 0.62712 -8.297 0.62711 -2.327 0 10 -36.674 0.62711 23.914 0 5
57 M29 max 0.956 0.329 9 13.88 0.329 5 3.532 0.32910 0.377 0.32911 7.314 0.32910 701.6 0.32912
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Envelope Maximum Member Section Forces (Continued)
Member Axial[lb] Loc[ft]LCy Shear[lb]Loc[ft]LCz Shear[lb]Loc[ft]LCTorque[lb-ft]Loc[ft]LCy-y Moment[lb-ft]Loc[ft]LCz-z Moment[lb-ft]Loc[ft]LC

58 min -22.977 0.32911 -339.793 0.32912 -4.127 0.32911 -0.322 0 10 -8.545 0.32911 -29.306 0.329 5
59 M30 max2300.119 0 12 15.168 0 5 1.772 0.39 10 2.318 0.39 11 5.069 0.39 10 91.645 0.39 12
60 min 6.788 0.39 5 -79.681 0.39 12 -3.253 0.39 11 -1.856 0 10 -5.573 0.39 11 -15.82 0.39 5
61 M31 max1885.622 0 12 1143.27 11.435 2 34.325 0 10 1.361 9.67611 467.484 0 11 2399.598 0 2
62 min 0 12.063 1 -173.052 9.801 5 -51.922 0 11 0 0 1 -306.718 0 10 -565.594 0 5
63 M32 max -14.394 0.091 5 -22.829 0 5 4.538 0.09110 3.081 0.09111 22.071 0.09110 267.92 0.09112
64 min-2297.155 0 12 -410.623 0.09112 -7.673 0.09111 -2.327 0 10 -31.668 0.09111 21.825 0 5
65 M33 max -14.152 0 5 506.288 0 12 2.596 0.09410 2.302 0.09410 4.406 0.09410 542.722 0 12
66 min-2267.6090.09412 2.94 0.094 5 -2.801 0.09411 -3.127 0 11 -5.716 0.09411 -25.218 0.094 5
67 M34 max2337.3270.14112 113.47 0 12 5.837 0.14110 6.494 0.14111 22.633 0.14110 124.421 0 2
68 min 12.676 0 5 -22.549 0.141 5 -7.864 0.14111 -4.906 0 10 -31.623 0.14111 5.237 0.141 9
69 M69 max 1680.97 0.65512 131.707 0 11 8.383 0.65511 5.548 0.65510 36.035 0.65511 19.629 0 4
70 min 174.923 0 5 4.316 0.655 4 -6.391 0.65510 -7.234 0 11 -26.487 0.65510 -115.601 0.655 2
71 M70 max 0 0 12 0 0 12 0.58 0.58411 0 0.58412 0.169 0.58411 9.535 0.58412
72 min -8.306 0.58412 -32.682 0.58412 -0.497 0.58410 0 0 1 -0.145 0.58410 0 0 1
73 M71 max -0.951 0 10 -4.42 0 5 1.29 0.71311 0.009 0.71310 0.836 0.71311 47.608 0.71312
74 min -13.857 0.71311 -73.652 0.71312 -1.104 0.71310 -0.011 0 11 -0.715 0.71310 1.268 0 5
75 M72 max -1.787 0 10 -9.879 0 5 1.999 0.71311 0.03 0.71310 2.008 0.71311 114.92 0.71312
76 min -18.169 0.71311 -114.75 0.71312 -1.711 0.71310 -0.036 0 11 -1.718 0.71310 6.343 0 5
77 M73 max -2.223 0 7 -15.391 0 5 2.708 0.71311 0.081 0.71310 3.684 0.71311 211.683 0.71312
78 min -20.111 0.71311 -156.13 0.71312 -2.318 0.71310 -0.095 0 11 -3.153 0.71310 15.325 0 5
79 M74 max -1.809 0 7 -20.938 0 5 3.418 0.71311 0.174 0.71310 5.864 0.71311 338.006 0.71312
80 min -19.669 0.71311 -197.678 0.71312 -2.925 0.71310 -0.204 0 11 -5.019 0.71310 28.248 0 5
81 M75 max -0.764 0 7 -26.505 0 5 3.799 0.38411 0.322 0.38410 7.24 0.38411 418.314 0.38412
82 min -15.501 0.38411 -220.304 0.38412 -3.252 0.38410 -0.377 0 11 -6.197 0.38410 45.131 0 5
83 M76 max 1.008 0.323 7 -32.076 0 5 4.448 0.32311 0.541 0.32310 9.915 0.32311 574.413 0.32312
84 min -10.589 0.32311 -258.346 0.32312 -3.807 0.32310 -0.632 0 11 -8.486 0.32310 65.991 0 5
85 M77 max1648.6460.71312 28.171 0 6 3.833 0.71311 2.007 0.71310 7.982 0.71311 87.404 0 12
86 min 172.31 0 5 -22.307 0 5 -2.381 0.71310 -2.433 0 11 -6.493 0.71310 2.987 0 5
87 M78 max1650.9210.71312 31.782 0 12 4.551 0.71311 2.198 0.71310 10.899 0.71311 85.383 0 11
88 min 172.985 0 5 -14.785 0 5 -2.988 0.71310 -2.668 0 11 -8.345 0.71310 5.827 0.713 6
89 M79 max1651.8740.22812 37.009 0 12 4.792 0.22811 2.443 0.22810 11.882 0.22811 80.881 0 11
90 min 173.623 0 5 -7.233 0 5 -3.183 0.22810 -2.988 0 11 -8.98 0.22810 0.447 0.228 6
91 M80 max1654.2390.48512 23.185 0 12 5.25 0.48511 2.443 0.48510 14.312 0.48511 74.685 0 11
92 min 173.797 0 5 -9.277 0.485 4 -3.593 0.48510 -2.988 0 11 -10.623 0.48510 -6.732 0.485 6
93 M81 max1658.5920.71312 42.572 0 12 5.951 0.71311 2.756 0.71310 18.209 0.71311 71.187 0 11
94 min 174.224 0 5 -11.724 0.713 4 -4.199 0.71310 -3.41 0 11 -13.324 0.71310 -20.067 0.713 2
95 M82 max1663.9680.71312 48.666 0 11 6.629 0.71311 3.148 0.71310 22.574 0.71311 56.182 0 11
96 min 174.785 0 5 -14.087 0.713 4 -4.801 0.71310 -3.946 0 11 -16.444 0.71310 -39.308 0.713 2
97 M83 max 1670.35 0.71312 56.478 0 11 7.29 0.71311 3.633 0.71310 27.39 0.71311 35.721 0 11
98 min 175.305 0 5 -16.339 0.713 4 -5.402 0.71310 -4.612 0 11 -19.977 0.71310 -60.901 0.713 2
99 M84 max1674.0260.37812 55.477 0 11 7.618 0.37811 4.109 0.37810 30.078 0.37811 20.654 0.378 4

100 min 175.911 0 5 -12.543 0.378 4 -5.717 0.37810 -5.265 0 11 -21.983 0.37810 -73.549 0.378 2
101 M85 max-173.0020.478 5 277.806 0 12 7.486 0 11 1.837 0.47810 21.708 0 10 203.773 0 12
102 min-1653.415 0 12 27.15 0.478 5 -4.502 0 10 -2.342 0 11 -30.485 0 11 1.011 0.478 5
103 M86 max-173.7630.526 5 210.358 0 12 7.011 0 11 1.103 0.52610 19.658 0 10 72.374 0 12
104 min-1662.329 0 12 18.429 0.526 5 -4.312 0 10 -1.329 0 11 -27.092 0 11 -36.66 0.52612
105 M87 max-174.1390.526 5 137.591 0 12 6.488 0 11 0.402 0.52610 17.476 0 10 3.887 0 2
106 min-1668.838 0 12 9.22 0.526 5 -4.104 0 10 -0.405 0 8 -23.578 0 11 -107.465 0.52612
107 M88 max-174.0570.526 5 64.649 0 12 5.965 0 11 0.432 0.52611 15.376 0 10 -14.697 0 5
108 min-1672.185 0 12 0.015 0.526 5 -3.895 0 10 -0.215 0 10 -20.303 0 11 -139.915 0.52612
109 M89 max-173.5160.526 5 11.996 0 2 5.441 0 11 1.126 0.52611 13.363 0 10 -11.044 0.526 5
110 min-1672.367 0 12 -15.813 0.52611 -3.687 0 10 -0.752 0 10 -17.273 0 11 -139.915 0 12
111 M90 max -172.52 0.526 5 -10.591 0 2 4.918 0 11 1.708 0.52611 11.44 0 10 -1.995 0.526 5
112 min-1669.388 0 12 -87 0.52612 -3.479 0 10 -1.212 0 10 -14.492 0 11 -133.999 0 12
113 M91 max-171.0720.526 5 -25.205 0 5 4.395 0 11 2.19 0.52611 9.609 0 10 11.828 0.526 5
114 min-1663.257 0 12 -159.589 0.52612 -3.27 0 10 -1.599 0 10 -11.965 0 11 -89.774 0 12
115 M92 max-169.1750.526 5 -34.204 0 5 3.872 0 11 2.581 0.52611 7.873 0 10 115.063 0.52611
116 min-1653.987 0 12 -231.796 0.52612 -3.062 0 10 -1.916 0 10 -9.695 0 11 -27.594 0 6
117 M93 max-166.8350.525 5 -43.095 0 5 3.349 0 11 2.892 0.52511 6.236 0 10 270.965 0.52512
118 min-1641.599 0 12 -303.483 0.52512 -2.853 0 10 -2.168 0 10 -7.687 0 11 7.162 0 2
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Envelope Maximum Member Section Forces (Continued)
Member Axial[lb] Loc[ft]LCy Shear[lb]Loc[ft]LCz Shear[lb]Loc[ft]LCTorque[lb-ft]Loc[ft]LCy-y Moment[lb-ft]Loc[ft]LCz-z Moment[lb-ft]Loc[ft]LC

119 M94 max-165.3930.123 5 -49.593 0 5 2.827 0 11 3.051 0.12311 4.733 0 10 313.83 0.12312
120 min-1631.018 0 12 -348.036 0.12312 -2.645 0 10 -2.294 0 10 -5.986 0 11 44.754 0 9
121 M95 max-160.4980.307 5 -62.564 0 5 2.61 0 11 3.443 0.30711 3.986 0 10 491.541 0.30712
122 min-1599.787 0 12 -472.013 0.30712 -2.559 0 10 -2.597 0 10 -5.154 0 11 57.923 0 9
123 M96 max-172.3450.627 5 -33.462 0 5 8.2 0.62711 2.327 0.62710 36.053 0.62711 432.811 0.62712
124 min-1646.723 0 12 -323.156 0.62712 -4.786 0.62710 -3.029 0 11 -24.994 0.62710 17.482 0 5
125 M97 max -0.85 0 7 -29.463 0 5 4.127 0.32911 0.322 0.32910 8.545 0.32911 493.979 0.32912
126 min -16.838 0.32911 -239.297 0.32912 -3.532 0.32910 -0.377 0 11 -7.314 0.32910 55.872 0 5
127 M98 max1647.471 0 12 17.962 0 6 3.101 0.39 11 1.856 0.39 10 5.572 0.39 11 87.404 0.39 12
128 min 171.576 0.39 5 -28.518 0.39 11 -1.772 0.39 10 -2.268 0 11 -5.069 0.39 10 -7.131 0 5
129 M100 max-172.3450.091 5 -33.077 0 5 7.576 0.09111 2.327 0.09110 31.108 0.09111 232.416 0.09112
130 min-1646.723 0 12 -316.081 0.09112 -4.538 0.09110 -3.029 0 11 -22.071 0.09110 14.463 0 5
131 M101 max-165.165 0 5 351.749 0 12 2.704 0.09411 3.061 0.09411 5.64 0.09411 346.928 0 12
132 min-1629.9350.09412 50.358 0.094 5 -2.596 0.09410 -2.302 0 10 -4.406 0.09410 52.176 0.094 9
133 M102 max1674.0480.14112 93.446 0 11 7.764 0.14111 4.906 0.14110 30.951 0.14111 20.654 0 4
134 min 175.583 0 5 5.322 0.141 4 -5.837 0.14110 -6.355 0 11 -22.633 0.14110 -80.124 0.141 2

Envelope AISC 15TH (360-16): ASD Member Steel Code Checks
Member Shape Code Check Loc[ft]LC Shear Check Loc[ft]LCPnc/om [lb] Pnt/om [lb] Mnyy/om [lb-ft] Mnzz/om [lb-ft] Cb Eqn

1 M1 HSS3.500X0.216 0.038 0.65512 0.01 0 11 62275.448 62275.448 5464.072 5464.072 1.936H1-1b*
2 M2 HSS3.500X0.216 0.003 0.58412 0.002 0.5841262275.448 62275.448 5464.072 5464.072 2.326 H1-1b
3 M3 HSS3.500X0.216 0.013 0.71312 0.006 0.7131262275.448 62275.448 5464.072 5464.072 1.591 H1-1b
4 M4 HSS3.500X0.216 0.03 0.71312 0.009 0.7131262275.448 62275.448 5464.072 5464.072 1.344 H1-1b
5 M5 HSS3.500X0.216 0.055 0.71312 0.012 0.7131262275.448 62275.448 5464.072 5464.072 1.241 H1-1b
6 M6 HSS3.500X0.216 0.088 0.71312 0.015 0.7131262275.448 62275.448 5464.072 5464.072 1.186 H1-1b
7 M7 HSS3.500X0.216 0.109 0.38412 0.017 0.3841262275.448 62275.448 5464.072 5464.072 1.085 H1-1b
8 M8 HSS3.500X0.216 0.149 0.32312 0.02 0.3231262275.448 62275.448 5464.072 5464.072 1.06 H1-1b
9 M9 HSS3.500X0.216 0.04 0.71312 0.004 0.71311 62275.448 62275.448 5464.072 5464.072 1.137 H1-1b

10 M10 HSS3.500X0.216 0.044 0.71312 0.003 0.71311 62275.448 62275.448 5464.072 5464.072 1.085 H1-1b
11 M11 HSS3.500X0.216 0.044 0 12 0.001 0 11 62275.448 62275.448 5464.072 5464.072 1.007 H1-1b
12 M12 HSS3.500X0.216 0.045 0.48512 0.003 0.48511 62275.448 62275.448 5464.072 5464.072 1.041 H1-1b
13 M13 HSS3.500X0.216 0.045 0 12 0.002 0.71311 62275.448 62275.448 5464.072 5464.072 1.025 H1-1b
14 M14 HSS3.500X0.216 0.045 0 12 0.003 0 11 62275.448 62275.448 5464.072 5464.072 1.054 H1-1b
15 M15 HSS3.500X0.216 0.044 0 12 0.004 0 11 62275.448 62275.448 5464.072 5464.072 1.092 H1-1b
16 M16 HSS3.500X0.216 0.04 0 12 0.004 0 11 62275.448 62275.448 5464.072 5464.072 1.068 H1-1b
17 M17 HSS3.500X0.216 0.061 0 12 0.019 0 1262275.448 62275.448 5464.072 5464.072 1.418 H1-1b
18 M18 HSS3.500X0.216 0.032 0.52612 0.014 0 1262275.448 62275.448 5464.072 5464.072 2.225 H1-1b
19 M19 HSS3.500X0.216 0.048 0.52612 0.009 0 1262275.448 62275.448 5464.072 5464.072 1.265 H1-1b
20 M20 HSS3.500X0.216 0.054 0.52612 0.004 0 11 62275.448 62275.448 5464.072 5464.072 1.07 H1-1b
21 M21 HSS3.500X0.216 0.054 0 12 0.002 0.52611 62275.448 62275.448 5464.072 5464.072 1.043 H1-1b
22 M22 HSS3.500X0.216 0.05 0 12 0.008 0.5261262275.448 62275.448 5464.072 5464.072 1.202 H1-1b
23 M23 HSS3.500X0.216 0.037 0 12 0.013 0.5261262275.448 62275.448 5464.072 5464.072 2.013 H1-1b
24 M24 HSS3.500X0.216 0.056 0.52612 0.018 0.5261262275.448 62275.448 5464.072 5464.072 1.538 H1-1b
25 M25 HSS3.500X0.216 0.098 0.52512 0.024 0.5251262275.448 62275.448 5464.072 5464.072 1.269 H1-1b
26 M26 HSS3.500X0.216 0.109 0.12312 0.027 0.1231262275.448 62275.448 5464.072 5464.072 1.053 H1-1b
27 M27 HSS3.500X0.216 0.155 0.30712 0.036 0.3071262275.448 62275.448 5464.072 5464.072 1.124 H1-1b
28 M28 HSS3.500X0.216 0.115 0.62712 0.022 0.6271262275.448 62275.448 5464.072 5464.072 1.247 H1-1b
29 M29 HSS3.500X0.216 0.129 0.32912 0.018 0.3291262275.448 62275.448 5464.072 5464.072 1.066 H1-1b
30 M30 HSS3.500X0.216 0.037 0 12 0.004 0.39 1262275.448 62275.448 5464.072 5464.072 1.136H1-1b*
31 M31 HSS6.625X0.280 0.095 0 2 0.024 11.435 2 155688.62 155688.62 26197.604 26197.604 1.008 H1-1b
32 M32 HSS3.500X0.216 0.067 0.09112 0.022 0.0911262275.448 62275.448 5464.072 5464.072 1.059 H1-1b
33 M33 HSS3.500X0.216 0.118 0 12 0.027 0 1262275.448 62275.448 5464.072 5464.072 1.036 H1-1b
34 M34 HSS3.500X0.216 0.038 0.14112 0.007 0 11 62275.448 62275.448 5464.072 5464.072 1.067H1-1b*
35 M69 HSS3.500X0.216 0.032 0.655 11 0.009 0 11 62275.448 62275.448 5464.072 5464.072 1.417 H1-1b
36 M70 HSS3.500X0.216 0.002 0.58412 0.002 0.5841262275.448 62275.448 5464.072 5464.072 2.326 H1-1b
37 M71 HSS3.500X0.216 0.009 0.71312 0.004 0.7131262275.448 62275.448 5464.072 5464.072 1.591 H1-1b
38 M72 HSS3.500X0.216 0.021 0.71312 0.006 0.7131262275.448 62275.448 5464.072 5464.072 1.344 H1-1b
39 M73 HSS3.500X0.216 0.039 0.71312 0.008 0.7131262275.448 62275.448 5464.072 5464.072 1.242 H1-1b
40 M74 HSS3.500X0.216 0.062 0.71312 0.011 0.7131262275.448 62275.448 5464.072 5464.072 1.186 H1-1b
41 M75 HSS3.500X0.216 0.077 0.38412 0.012 0.3841262275.448 62275.448 5464.072 5464.072 1.085 H1-1b
42 M76 HSS3.500X0.216 0.105 0.32312 0.014 0.3231262275.448 62275.448 5464.072 5464.072 1.06 H1-1b
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Envelope AISC 15TH (360-16): ASD Member Steel Code Checks (Continued)
Member Shape Code Check Loc[ft]LC Shear Check Loc[ft]LCPnc/om [lb] Pnt/om [lb] Mnyy/om [lb-ft] Mnzz/om [lb-ft] Cb Eqn

43 M77 HSS3.500X0.216 0.029 0 12 0.002 0.71311 62275.448 62275.448 5464.072 5464.072 1.048 H1-1b
44 M78 HSS3.500X0.216 0.029 0 12 0.002 0 11 62275.448 62275.448 5464.072 5464.072 1.07 H1-1b
45 M79 HSS3.500X0.216 0.028 0 11 0.002 0 11 62275.448 62275.448 5464.072 5464.072 1.035 H1-1b
46 M80 HSS3.500X0.216 0.027 0 11 0.002 0 11 62275.448 62275.448 5464.072 5464.072 1.035 H1-1b
47 M81 HSS3.500X0.216 0.027 0.71312 0.003 0 11 62275.448 62275.448 5464.072 5464.072 1.149H1-1b*
48 M82 HSS3.500X0.216 0.027 0.71312 0.003 0 11 62275.448 62275.448 5464.072 5464.072 1.248H1-1b*
49 M83 HSS3.500X0.216 0.027 0.71312 0.004 0 11 62275.448 62275.448 5464.072 5464.072 1.579H1-1b*
50 M84 HSS3.500X0.216 0.027 0.37812 0.004 0 11 62275.448 62275.448 5464.072 5464.072 2.391H1-1b*
51 M85 HSS3.500X0.216 0.051 0 12 0.015 0 1262275.448 62275.448 5464.072 5464.072 1.35 H1-1b
52 M86 HSS3.500X0.216 0.027 0 12 0.011 0 1262275.448 62275.448 5464.072 5464.072 2.183 H1-1b
53 M87 HSS3.500X0.216 0.033 0.52612 0.007 0 1262275.448 62275.448 5464.072 5464.072 1.353 H1-1b
54 M88 HSS3.500X0.216 0.039 0.52612 0.003 0 1262275.448 62275.448 5464.072 5464.072 1.1 H1-1b
55 M89 HSS3.500X0.216 0.039 0 12 0.001 0.52611 62275.448 62275.448 5464.072 5464.072 1.015 H1-1b
56 M90 HSS3.500X0.216 0.038 0 12 0.005 0.52611 62275.448 62275.448 5464.072 5464.072 1.15 H1-1b
57 M91 HSS3.500X0.216 0.03 0 12 0.009 0.52611 62275.448 62275.448 5464.072 5464.072 1.573 H1-1b
58 M92 HSS3.500X0.216 0.034 0.52612 0.013 0.52611 62275.448 62275.448 5464.072 5464.072 1.749 H1-1b
59 M93 HSS3.500X0.216 0.063 0.52512 0.016 0.52511 62275.448 62275.448 5464.072 5464.072 1.306 H1-1b
60 M94 HSS3.500X0.216 0.071 0.12312 0.019 0.12311 62275.448 62275.448 5464.072 5464.072 1.058 H1-1b
61 M95 HSS3.500X0.216 0.103 0.30712 0.025 0.30711 62275.448 62275.448 5464.072 5464.072 1.134 H1-1b
62 M96 HSS3.500X0.216 0.092 0.62712 0.017 0.62711 62275.448 62275.448 5464.072 5464.072 1.229 H1-1b
63 M97 HSS3.500X0.216 0.091 0.32912 0.013 0.3291262275.448 62275.448 5464.072 5464.072 1.066 H1-1b
64 M98 HSS3.500X0.216 0.029 0.39 12 0.002 0.39 11 62275.448 62275.448 5464.072 5464.072 1.03 H1-1b
65 M100 HSS3.500X0.216 0.056 0.09112 0.017 0.09111 62275.448 62275.448 5464.072 5464.072 1.052 H1-1b
66 M101 HSS3.500X0.216 0.077 0 12 0.019 0 11 62275.448 62275.448 5464.072 5464.072 1.04 H1-1b
67 M102 HSS3.500X0.216 0.027 0.14112 0.006 0 11 62275.448 62275.448 5464.072 5464.072 1.361H1-1b*

Node Reactions
LC Node Label X [lb] Y [lb] Z [lb] MX [lb-ft] MY [lb-ft] MZ [lb-ft]

1 1 N32 0 601.323 0 0 0 0
2 1 Totals: 0 601.323 0
3 1 COG (ft): X: 0 Y: 8.905 Z: 0
4 2 N32 0 1039.657 0 0 0 2399.598
5 2 Totals: 0 1039.657 0
6 2 COG (ft): X: 2.149 Y: 9.483 Z: 0
7 3 N32 0 601.323 0 0 0 0
8 3 Totals: 0 601.323 0
9 3 COG (ft): X: 0 Y: 8.905 Z: 0

10 4 N32 93.313 767.405 0 0 0 -413.201
11 4 Totals: 93.313 767.405 0
12 4 COG (ft): X: 0.271 Y: 9.201 Z: 0
13 5 N32 65.161 229.142 0 0 0 -565.594
14 5 Totals: 65.161 229.142 0
15 5 COG (ft): X: -1.008 Y: 8.12 Z: 0
16 6 N32 69.985 1054.635 0 0 0 1490.824
17 6 Totals: 69.985 1054.635 0
18 6 COG (ft): X: 1.737 Y: 9.494 Z: 0
19 7 N32 -34.212 609.84 0 0 0 310.668
20 7 Totals: -34.212 609.84 0
21 7 COG (ft): X: 0 Y: 8.905 Z: 0
22 8 N32 0 609.84 -34.212 -307.692 0 0
23 8 Totals: 0 609.84 -34.212
24 8 COG (ft): X: 0 Y: 8.905 Z: 0
25 9 N32 34.212 352.277 0 0 0 -308.407
26 9 Totals: 34.212 352.277 0
27 9 COG (ft): X: 0 Y: 8.905 Z: 0
28 10 N32 0 352.277 34.212 306.718 0 0
29 10 Totals: 0 352.277 34.212
30 10 COG (ft): X: 0 Y: 8.905 Z: 0
31 11 N32 0 1823.561 -50.944 -467.484 1.361 1274.63
32 11 Totals: 0 1823.561 -50.944
33 11 COG (ft): X: 0.612 Y: 9.657 Z: 0
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Node Reactions (Continued)
LC Node Label X [lb] Y [lb] Z [lb] MX [lb-ft] MY [lb-ft] MZ [lb-ft]

34 12 N32 23.51 1885.622 0 0 0 1206.037
35 12 Totals: 23.51 1885.622 0
36 12 COG (ft): X: 0.636 Y: 9.677 Z: 0
37 13 N32 0 841.852 0 0 0 0
38 13 Totals: 0 841.852 0
39 13 COG (ft): X: 0 Y: 8.905 Z: 0
40 14 N32 77.761 1561.323 0 0 0 3491.413
41 14 Totals: 77.761 1561.323 0
42 14 COG (ft): X: 2.401 Y: 9.642 Z: 0
43 15 N32 77.761 1217.087 0 0 0 1533.389
44 15 Totals: 77.761 1217.087 0
45 15 COG (ft): X: 1.608 Y: 9.476 Z: 0
46 16 N32 155.522 1217.557 0 0 0 487.063
47 16 Totals: 155.522 1217.557 0
48 16 COG (ft): X: 1.202 Y: 9.463 Z: 0
49 17 N32 155.522 1109.984 0 0 0 -104.842
50 17 Totals: 155.522 1109.984 0
51 17 COG (ft): X: 0.814 Y: 9.388 Z: 0
52 18 N32 108.601 321.771 0 0 0 -942.047
53 18 Totals: 108.601 321.771 0
54 18 COG (ft): X: -1.196 Y: 7.974 Z: 0
55 19 N32 -48.875 733.755 0 0 0 441.906
56 19 Totals: -48.875 733.755 0
57 19 COG (ft): X: 0 Y: 8.905 Z: 0
58 20 N32 0 733.755 -48.875 -438.742 0 0
59 20 Totals: 0 733.755 -48.875
60 20 COG (ft): X: 0 Y: 8.905 Z: 0
61 21 N32 48.875 529.024 0 0 0 -440.313
62 21 Totals: 48.875 529.024 0
63 21 COG (ft): X: 0 Y: 8.905 Z: 0
64 22 N32 0 529.024 48.875 438.052 0 0
65 22 Totals: 0 529.024 48.875
66 22 COG (ft): X: 0 Y: 8.905 Z: 0
67 23 N32 0 2260.398 -72.778 -663.978 0.572 617.415
68 23 Totals: 0 2260.398 -72.778
69 23 COG (ft): X: 0.247 Y: 9.642 Z: 0
70 24 N32 33.585 2349.057 0 0 0 511.114
71 24 Totals: 33.585 2349.057 0
72 24 COG (ft): X: 0.288 Y: 9.666 Z: 0

Envelope Node Reactions - Overstrength or Capacity Limit
No Data to Print...

Envelope Node Reactions
Node Label X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

1 N32 max 155.522 17 2349.057 24 48.875 22 438.052 22 1.361 11 3491.413 14
2 min -48.875 19 229.142 5 -72.778 23 -663.978 23 0 22 -942.047 18
3 Totals: max 155.522 17 2349.057 24 48.875 22
4 min -48.875 19 229.142 5 -72.778 23
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 Monolithic Footing Calc

γc 145pcf:= ρbrg qlat 1500 psf=:= μsoil 0.3:= ρsliding 250pcf:=

 Footing Geometry

Footing Length 
(Span) Bottom of Footing Depth ft Bfooting 3ft:=

Width of Footing ft

Footing Thickness in d tfooting 3in-:= d' 3in:=

 Item  Ratio  Results  Applied/Capacity  Load Combination

< 1.0 OKSoil 
Bearing

ρdes

ρbrg
0.723= ρdes 1084 psf= LCqLC "D + RLL"=

ρbrg 1500 psf= ECC "ECC OK"=

> 1.0 OKOver-
turning

MR

MOT
3.1= MOT 2.4 k ft= LCqLC "D + RLL"=

MR 7.43 k ft=

> 1.0 OK Va 0.09 k=
Sliding

Vc

Va
39.17= LCqLC "D + 0.6WA"=Vc 3.65 k=

No Uplift
Pup 0 k=

Uplift
Pc

Papp
10.25= Pc 2.35 k= LCqLC "0.6D + 0.6WB"=
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9/22/2025

Specifier's comments: 

1 Anchor Design
1.1 Input data

 Anchor type and diameter:  Heavy Hex Head ASTM F 1554 GR. 36 3/4

 Item number:  not available

 Specification text: Æ 3/4 in Heavy Hex Head ASTM F 1554 GR.
 36 with 12 in nominal embedment depth per
 Technical data  , cast in place installation per
 MPII,

 Effective embedment depth:  hef = 12.000 in.

 Material:  ASTM F 1554

 Evaluation Service Report:  Hilti Technical Data

 Issued I Valid:  - | -

 Proof:  Design Method ACI 318-14 / CIP

 Shear edge breakout verification:  Row closest to edge (Case 3 only from ACI 318-14 Fig. R.17.5.2.1b)

 Stand-off installation:  eb = 0.000 in. (no stand-off); t = 0.750 in.

 Anchor plateCBFEM :  lx x ly x t = 12.000 in. x 12.000 in. x 0.750 in.;

 Profile:  Round HSS (AISC), HSS6-5/8X.280; (L x W x T) = 6.625 in. x 6.625 in. x 0.280 in.

 Base material:  cracked concrete, 2500, fc' = 2,500 psi; h = 24.000 in.

 Reinforcement:  tension: condition A, shear: condition A; anchor reinforcement: tension

 edge reinforcement: > No. 4 bar with stirrups

CBFEM - The anchor calculation is based on a component-based Finite Element Method (CBFEM)

Geometry [in.] & Loading [lb, ft.lb]
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1.1.1 Load combination and design results
Case  Description Forces [lb] / Moments [ft.lb] Seismic Max. Util. Anchor [%]

1  1.4*D N = -842; Vx = 0; Vy = 0;
Mx = 0.000; My = 0.000; Mz = 0.000;

no 1

2  1.2D+1.6Lr+0.5WA N = -1,561; Vx = 78; Vy = 0;
Mx = 0.000; My = 3,491.413; Mz = 0.000;

no 17

3  1.2D+1.6S+0.5WA N = -1,217; Vx = 78; Vy = 0;
Mx = 0.000; My = 1,533.389; Mz = 0.000;

no 7

4  1.2*D+0.5Lr+WA N = -1,218; Vx = 156; Vy = 0;
Mx = 0.000; My = 487.063; Mz = 0.000;

no 2

5  1.2D+0.5S+WA N = -1,110; Vx = 156; Vy = 0;
Mx = 0.000; My = -104.842; Mz = 0.000;

no 1

6  0.9*D+WB N = -322; Vx = 109; Vy = 0;
Mx = 0.000; My = -942.047; Mz = 0.000;

no 5

7  1.2D+ELx+Ely (w/ Ω0 ) N = -917; Vx = -61; Vy = 0;
Mx = 0.000; My = 552.383; Mz = 0.000;

yes 3

8  1.2D+ELz+Ely (w/ Ω0 ) N = -917; Vx = 0; Vy = -61;
Mx = -548.428; My = 0.000; Mz = 0.000;

yes 3

9  0.9D-ELx-Ely (w/ Ω0 ) N = -661; Vx = 61; Vy = 0;
Mx = 0.000; My = -550.391; Mz = 0.000;

yes 3

10  0.9D-ELz-Ely (w/ Ω0 ) N = -661; Vx = 0; Vy = 61;
Mx = 547.565; My = 0.000; Mz = 0.000;

yes 3

11  1.2D+Di+WL-Lat+0.5S N = -2,260; Vx = 0; Vy = -73;
Mx = -663.978; My = 617.415; Mz = 0.572;

no 3

12  1.2D+Di+WA(ice)+0.5S N = -2,349; Vx = 34; Vy = 0;
Mx = 0.000; My = 511.114; Mz = 0.000;

no 1
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Tension Compression

1 2

3 4

x

y1.2 Load case/Resulting anchor forces

 Controlling load case:  2  1.2D+1.6Lr+0.5WA

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 2,095 30 23 20
2 -0 18 16 -8
3 2,094 30 23 -20
4 -0 18 16 8

Resulting tension force in (x/y)=(-4.750/-0.001): 4,189 [lb]
Resulting compression force in (x/y)=(3.612/0.002): 5,830 [lb]

 Anchor forces are calculated based on a component-based Finite Element Method (CBFEM)

1.3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* 2,095 14,529 15 OK

 Pullout Strength* 2,095 12,754 17 OK

 Concrete Breakout Failure**1 N/A N/A N/A N/A

 Concrete Side-Face Blowout, direction ** N/A N/A N/A N/A

 * highest loaded anchor    **anchor group (anchors in tension)
1 Tension Anchor Reinforcement has been selected!

1.3.1 Steel Strength

Nsa = Ase,N futa            ACI 318-14 Eq. (17.4.1.2)
f  Nsa ³ Nua            ACI 318-14 Table 17.3.1.1

Variables

Ase,N [in.2] futa [psi]
0.33 58,000

Calculations

Nsa [lb]
19,372

Results

Nsa [lb] f steel f  Nsa [lb] Nua [lb]
19,372 0.750 14,529 2,095
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1.3.2 Pullout Strength

NpN = y c,p Np            ACI 318-14 Eq. (17.4.3.1)
Np = 8 Abrg f

'
c            ACI 318-14 Eq. (17.4.3.4)

f  NpN ³ Nua            ACI 318-14 Table 17.3.1.1

Variables
y c,p Abrg [in.2] l a f'c [psi]

1.000 0.91 1.000 2,500

Calculations

Np [lb]
18,220

Results

Npn [lb] f concrete f  Npn [lb] Nua [lb]
18,220 0.700 12,754 2,095
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1.4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* 30 7,555 1 OK

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength** 78 81,396 1 OK

 Concrete edge failure in direction y-** 83 17,957 1 OK

 * highest loaded anchor    **anchor group (relevant anchors)

1.4.1 Steel Strength

Vsa = 0.6 Ase,V futa            ACI 318-14 Eq. (17.5.1.2b)
f  Vsteel ³ Vua            ACI 318-14 Table 17.3.1.1

Variables

Ase,V [in.2] futa [psi]
0.33 58,000

Calculations

Vsa [lb]
11,623

Results

Vsa [lb] f steel f  Vsa [lb] Vua [lb]
11,623 0.650 7,555 30
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1.4.2 Pryout Strength

Vcpg = kcp [(ANc
ANc0

) y ec,N y ed,N y c,N y cp,N Nb ]            ACI 318-14 Eq. (17.5.3.1b)

f  Vcpg ³ Vua            ACI 318-14 Table 17.3.1.1
ANc see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
ANc0 = 9 h2

ef            ACI 318-14 Eq. (17.4.2.1c)

y ec,N = ( 1

1 + 
2 e'

N
3 hef

) £ 1.0            ACI 318-14 Eq. (17.4.2.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-14 Eq. (17.4.2.5b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-14 Eq. (17.4.2.7b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-14 Eq. (17.4.2.2a)

Variables

kcp hef [in.] ec1,N [in.] ec2,N [in.] ca,min [in.]
2 8.833 0.000 0.000 13.250

y c,N cac [in.] kc l a f'c [psi]
1.000 - 24 1.000 2,500

Calculations

ANc [in.2] ANc0 [in.2] y ec1,N y ec2,N y ed,N y cp,N Nb [lb]
1,296.00 702.25 1.000 1.000 1.000 1.000 31,504

Results

Vcpg [lb] f concrete f  Vcpg [lb] Vua [lb]
116,280 0.700 81,396 78
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1.4.3 Concrete edge failure in direction y-

Vcbg = ( AVc
AVc0

) y ec,V y ed,V y c,V y h,V y parallel,V Vb            ACI 318-14 Eq. (17.5.2.1b)

f  Vcbg ³ Vua            ACI 318-14 Table 17.3.1.1
AVc see ACI 318-14, Section 17.5.2.1, Fig. R 17.5.2.1(b)*
AVc0 = 4.5 c2

a1            ACI 318-14 Eq. (17.5.2.1c)

y ec,V = ( 1

1 + 
2e'

v
3ca1

) £ 1.0            ACI 318-14 Eq. (17.5.2.5)

y ed,V = 0.7 + 0.3( ca2
1.5ca1

) £ 1.0            ACI 318-14 Eq. (17.5.2.6b)

y h,V = √1.5ca1
ha

³ 1.0            ACI 318-14 Eq. (17.5.2.8)

Vb = 9 l a √f'c c
1.5
a1            ACI 318-14 Eq. (17.5.2.2b)

Variables

ca1 [in.] ca2 [in.] ecV [in.] y c,V ha [in.]
13.250 13.250 0.684 1.400 24.000

le [in.] l a da [in.] f'c [psi] y parallel,V

6.000 1.000 0.750 2,500 1.000

Calculations

AVc [in.2] AVc0 [in.2] y ec,V y ed,V y h,V Vb [lb]
715.50 790.03 0.967 0.900 1.000 21,704

Results

Vcbg [lb] f concrete f  Vcbg [lb] Vua [lb]
23,943 0.750 17,957 83

 *Anchor row defined by: Anchor 1, 2; Case 3 controls

1.5 Combined tension and shear loads

bN bV z Utilization bN,V [%] Status
0.164 0.005 5/3 5 OK

bNV = bz 
N + bz 

V <= 1
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1.6 Warnings

•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (EN1992-4, AS5216, etc.). This means
 load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the anchor plate is assumed to be
 sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates the minimum required anchor
 plate thickness with CBFEM to limit the stress of the anchor plate based on the assumptions explained above. The proof if the rigid base plate
 assumption is valid is not carried out by PROFIS Engineering. Input data and results must be checked for agreement with the existing conditions
 and for plausibility!

•  The equations presented in this report are based on imperial units. When inputs are displayed in metric units, the user should be aware that the
 equations remain in their imperial format.

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  For additional information about ACI 318 strength design provisions, please go to
 https://viewer.joomag.com/profis-design-guide-us-en-summer-2021/0841849001625154758?short&/

•  Attention! In case of compressive anchor forces a buckling check as well as the proof of the local load transfer into and within the base material
 (incl. punching) has to be done separately.

•  The design of Anchor Reinforcement is beyond the scope of PROFIS Engineering. Refer to ACI 318-14, Section 17.4.2.9 for information about
 Anchor Reinforcement.

•  Anchor Reinforcement has been selected as a design option, calculations should be compared with PROFIS Engineering calculations.

•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (EN1992-4, AS5216, etc.). This means
 load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the anchor plate is assumed to be
 sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates the minimum required anchor
 plate thickness with FEM to limit the stress of the anchor plate based on the assumptions explained above. The proof if the rigid anchor plate
 assumption is valid is not carried out by PROFIS Engineering. Input data and results must be checked for agreement with the existing conditions
 and for plausibility!
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1.7 Installation data

 Anchor type and diameter: Heavy Hex Head ASTM F 1554
 GR. 36 3/4

 Profile: Round HSS (AISC), HSS6-5/8X.280; (L x W x T) = 6.625 in. x 6.625 in.
 x 0.280 in.

 Item number: not available 

 Hole diameter in the fixture: df = 0.812 in.  Maximum installation torque: -
 Plate thickness (input): 0.750 in.  Hole diameter in the base material: - in.

 Hole depth in the base material: 12.000 in.
 Minimum thickness of the base material: 13.000 in.

Æ 3/4 in Heavy Hex Head ASTM F 1554 GR. 36 with 12 in nominal embedment depth per Technical data , cast in place installation per MPII

1 2

3 4

x

y
-0.000

0.
00

0

6.000 6.000

1.250 9.500 1.250

1.
25

0
9.

50
0

1.
25

0

6.
00

0
6.

00
0

Coordinates Anchor [in.]

Anchor x y c-x c+x c-y c+y

1 -4.750 -4.750 13.250 22.750 13.250 22.750
2 4.750 -4.750 22.750 13.250 13.250 22.750
3 -4.750 4.750 13.250 22.750 22.750 13.250
4 4.750 4.750 22.750 13.250 22.750 13.250
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2 Anchor plate design

2.1 Input data

Anchor plate: Shape: Rectangular
lx x ly x t = 12.000 in x 12.000 in x 0.750 in
Calculation: CBFEM
Material: ASTM A36; Fy = 36,000 psi; εlim = 5.00%

Anchor type and size: Heavy Hex Head ASTM F 1554 GR. 36 3/4, hef = 12.000 in
Anchor stiffness: The anchor is modeled considering stiffness values determined from load displacement curves tested in an

independent laboratory. Please note that no simple replacement of the anchor is possible as the anchor
stiffness has a major impact on the load distribution results.

Design method: AISC and LRFD-based design using component-based FEM
Seismic loads (cat. C, D, E or F): Tension load: Yes (17.2.3.4.3 (d))

Shear load: Yes (17.2.3.5.3 (c))
Stand-off installation: eb = 0.000 in (No stand-off); t = 0.750 in
Profile: HSS6-5/8X.280; (L x W x T x FT) = 6.625 in x 6.625 in x 0.280 in x -

Material: ASTM A500 Gr.B Round; Fy = 42,000 psi; εlim = 5.00%
Eccentricity x: -0.000 in
Eccentricity y: 0.000 in

Base material: Cracked concrete; 2500; fc,cyl = 2,500 psi; h = 24.000 in
Welds (profile to anchor plate): Type of redistribution: Plastic

Material: E70xx
Stiffeners: Geometry: Triangular; size = lx x ly x t = 2.500 in x 2.500 in x 0.250 in

Material: ASTM A36; Fy = 36,000 psi; εlim = 5.00%
Welds (stiffeners to profile/anchor
plate):

Type of redistribution: Plastic
Material: E70xx

Mesh size: Number of elements on edge: 8
Min. size of element: 0.394 in
Max. size of element: 1.969 in

2.2 Summary

Description Profile Stiffeners Anchor plate Welds [%] Concrete [%]
sEd [psi] ePl [%] sEd [psi] ePl [%] sEd [psi] ePl [%] Hole bearing

[%]
1 1.4*D 245 0.00 233 0.00 105 0.00 1 1 1
2 1.2D+1.6Lr+

0.5WA
11,273 0.00 12,070 0.00 5,477 0.00 1 19 5

3 1.2D+1.6S+0.
5WA

4,438 0.00 4,756 0.00 2,344 0.00 1 9 2

4 1.2*D+0.5Lr+
WA

1,281 0.00 1,253 0.00 731 0.00 1 4 1

5 1.2D+0.5S+
WA

581 0.00 497 0.00 248 0.00 1 2 1

6 0.9*D+WB 3,156 0.00 3,224 0.00 1,517 0.00 1 6 2
7 1.2D+ELx+El

y (w/ Ω0 )
1,368 0.00 1,323 0.00 834 0.00 1 4 1

8 1.2D+ELz+El
y (w/ Ω0 )

1,359 0.00 1,315 0.00 835 0.00 1 4 1

9 0.9D-ELx-Ely
(w/ Ω0 )

1,406 0.00 1,445 0.00 838 0.00 1 4 1

10 0.9D-ELz-Ely
(w/ Ω0 )

1,395 0.00 1,434 0.00 840 0.00 1 4 1

11 1.2D+Di+WL-
Lat+0.5S

3,146 0.00 3,068 0.00 1,230 0.00 1 6 2
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12 1.2D+Di+WA(
ice)+0.5S

1,607 0.00 1,559 0.00 833 0.00 1 4 2

2.3 Anchor plate classification

Results below are displayed for the decisive load combinations: 1.2D+1.6Lr+0.5WA

Anchor tension forces Equivalent rigid anchor plate (CBFEM) Component-based Finite Element Method
(CBFEM) anchor plate design

Anchor 1 1,974 lb 2,095 lb
Anchor 2 -0 lb -0 lb
Anchor 3 1,974 lb 2,094 lb
Anchor 4 -0 lb -0 lb

User accepted to consider the selected anchor plate as rigid by his/her engineering judgement. This means the anchor design guidelines can be
applied.

2.4 Profile/Stiffeners/Plate

Profile and stiffeners are verified at the level of the steel to concrete connection. The connection design does not replace the steel design for critical
cross sections, which should be performed outside of PROFIS Engineering.

2.4.1 Equivalent stress and plastic strain

Part Load
combination

Material fy [psi] elim [%] sEd [psi] ePl [%] Status

Plate 1.2D+1.6Lr+0.5W
A

ASTM A36 36,000 5.00 5,477 0.00 OK

Profile 1.2D+1.6Lr+0.5W
A

ASTM A500 Gr.B
Round

42,000 5.00 11,273 0.00 OK

Stiffener 1.2D+1.6Lr+0.5W
A

ASTM A36 36,000 5.00 12,070 0.00 OK
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2.4.1.1 Equivalent stress

Results below are displayed for the decisive load combination: 2 - 1.2D+1.6Lr+0.5WA

42,000 psi

0 psi
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2.4.1.2 Plastic strain

Results below are displayed for the decisive load combination: 1 - 1.4*D

5.00%

0.00%

2.4.2 Plate hole bearing resistance, AISC 360-16 Section J3

Decisive load combination: 2 - 1.2D+1.6Lr+0.5WA

Equations

Rn = min(1.2 lc t Fu , 2.4 d t Fu) (AISC 360-16 J3-6a, c)

FRn = 0.75 Rn

V ≤ FRn

Variables

lc [in] t [in] Fu [psi] d [in] Rn [lb]
Anchor 1 1.263 0.750 58,000 0.750 65,944
Anchor 2 11.600 0.750 58,000 0.750 78,300
Anchor 3 1.265 0.750 58,000 0.750 66,024
Anchor 4 11.593 0.750 58,000 0.750 78,300

Results

V [lb] FRn [lb] Utilization [%] Status
Anchor 1 30 49,458 1 OK
Anchor 2 18 58,725 1 OK
Anchor 3 30 49,518 1 OK
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V [lb] FRn [lb] Utilization [%] Status
Anchor 4 18 58,725 1 OK

2.5 Welds

Profiles are modeled without taking the corner radius into account. Special rules for welding (e.g. for cold-formed profiles ...) are not taken into
account by the software.

2.5.1 Anchor plate to profile

Decisive load combination: 2 - 1.2D+1.6Lr+0.5WA

Equations

Fnw = 0.6 FEXX (1.0 + 0.5sin1.5 Q)

FRn = F Fnw Aw

Utilization =
Fn

F Rn

Variables

Edge Xu Th [in] Ls [in] L [in] Lc [in] FEXX [psi] Q [°] Aw [in²]
Member 1 E70xx 0.177 0.250 19.901 0.622 70,000 88.4 0.11

Results

Edge Fn [lb] FRn [lb] Utilization [%] Status
Member 1 937 5,200 19 OK

2.5.2 Stiffeners to profile/anchor plate

Decisive load combination: 2 - 1.2D+1.6Lr+0.5WA

Equations

Fnw = 0.6 FEXX (1.0 + 0.5sin1.5 Q)

FRn = F Fnw Aw

Utilization =
Fn

F Rn

Variables

Edge Xu Th [in] Ls [in] L [in] Lc [in] FEXX [psi] Q [°] Aw [in²]
Stiffenera
(Anchor plate)

E70xx 0.177 0.250 2.488 0.415 70,000 38.0 0.07

Stiffenera
(Anchor plate) 1

E70xx 0.177 0.250 2.488 0.415 70,000 37.1 0.07

Stiffenerb
(Anchor plate)

E70xx 0.177 0.250 2.488 0.415 70,000 38.0 0.07

Stiffenerb
(Anchor plate) 1

E70xx 0.177 0.250 2.488 0.415 70,000 38.8 0.07

Stiffenerc
(Anchor plate)

E70xx 0.177 0.250 2.488 0.415 70,000 62.5 0.07

Stiffenerc
(Anchor plate) 1

E70xx 0.177 0.250 2.476 0.413 70,000 24.3 0.07
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Edge Xu Th [in] Ls [in] L [in] Lc [in] FEXX [psi] Q [°] Aw [in²]
Stiffenerd
(Anchor plate)

E70xx 0.177 0.250 2.476 0.413 70,000 25.5 0.07

Stiffenerd
(Anchor plate) 1

E70xx 0.177 0.250 2.488 0.415 70,000 63.3 0.07

Stiffenera
(Member 1-arc
5)

E70xx 0.177 0.250 2.488 0.415 70,000 44.6 0.07

Stiffenera
(Member 1-arc
5) 1

E70xx 0.177 0.250 2.488 0.415 70,000 36.3 0.07

Stiffenerb
(Member 1-arc
13)

E70xx 0.177 0.250 2.488 0.415 70,000 39.4 0.07

Stiffenerb
(Member 1-arc
13) 1

E70xx 0.177 0.250 2.488 0.415 70,000 39.6 0.07

Stiffenerc
(Member 1-arc
21)

E70xx 0.177 0.250 2.488 0.415 70,000 38.2 0.07

Stiffenerc
(Member 1-arc
21) 1

E70xx 0.177 0.250 2.488 0.415 70,000 32.7 0.07

Stiffenerd
(Member 1-arc
29)

E70xx 0.177 0.250 2.488 0.415 70,000 36.3 0.07

Stiffenerd
(Member 1-arc
29) 1

E70xx 0.177 0.250 2.488 0.415 70,000 34.2 0.07

Results

Edge Fn [lb] FRn [lb] Utilization [%] Status
Stiffenera (Anchor plate) 502 2,870 18 OK
Stiffenera (Anchor plate) 1 502 2,855 18 OK
Stiffenerb (Anchor plate) 495 2,870 18 OK
Stiffenerb (Anchor plate) 1 492 2,885 18 OK
Stiffenerc (Anchor plate) 149 3,278 5 OK
Stiffenerc (Anchor plate) 1 239 2,604 10 OK
Stiffenerd (Anchor plate) 241 2,627 10 OK
Stiffenerd (Anchor plate) 1 146 3,288 5 OK
Stiffenera (Member 1-arc 5) 449 2,992 15 OK
Stiffenera (Member 1-arc 5)
1

508 2,838 18 OK

Stiffenerb (Member 1-arc 13) 481 2,898 17 OK
Stiffenerb (Member 1-arc 13)
1

466 2,901 17 OK

Stiffenerc (Member 1-arc 21) 296 2,873 11 OK
Stiffenerc (Member 1-arc 21)
1

318 2,770 12 OK

Stiffenerd (Member 1-arc 29) 300 2,839 11 OK
Stiffenerd (Member 1-arc 29)
1

311 2,799 12 OK
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2.6 Concrete

Decisive load combination: 2 - 1.2D+1.6Lr+0.5WA

2.6.1 Compression in concrete under the anchor plate

233 psi

0 psi

2.6.2 Concrete block compressive strength resistance check, AISC 360-16 Section J8

Equations

Fp = F fp,max

fp,max = 0.85 fc' √(
A2

A1
) ≤ 1.7 fc; √(

A2

A1
) ≤ 2

s =
N
A1

Utilization = s
Fp

Variables

N [lb] fc' [psi] F A1 [in²] A2 [in²]
5,830 2,500 0.65 49.42 894.45

Results

Load combination Fp [psi] s [psi] Utilization [%] Status
1.2D+1.6Lr+0.5WA 2,762 118 5 OK
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2.7 Symbol explanation

A1 Loaded area of concrete
A2 Supporting area
Aw Effective area of weld critical element
d Nominal diameter of the bolt
elim Limit plastic strain

ePl Plastic strain from CBFEM results
fc Concrete compressive strength
fc' Concrete compressive strength
FEXX Electrode classification number, i.e. minimum specified tensile strength
Fu Specified minimum tensile strength of the connected material
Fn Force in weld critical element
Fnw Nominal stress of the weld material
Fp Concrete block design bearing strength
fp,max Concrete block design bearing strength maximum
fy Yield strength
lc Clear distance, in the direction of the force, between the edge of the hole and the edge of the adjacent hole or edge of

the material
L Length of weld
Lc Length of weld critical element
Ls Leg size of weld
N Resulting compression force
s Average stress in concrete

sEd Equivalent stress

F Resistance factor

FRn Factored resistance
Rn Resistance
t Thickness of the anchor plate
Q Angle of loading measured from the weld longitudinal axis
Th Throat thickness of weld
V Resultant of shear forces Vy, Vz in bolt.
Xu Filler metal tensile strength

2.8 Warnings

● By using the CBFEM calculation functionality of PROFIS Engineering you may act outside the applicable design codes and your specified
anchor plate may not behave rigid. Please, validate the results with a professional designer and/or structural engineer to ensure suitability and
adequacy for your specific jurisdiction and project requirements.

● The anchor is modeled considering stiffness values determined from load displacement curves tested in an independent laboratory. Please
note that no simple replacement of the anchor is possible as the anchor stiffness has a major impact on the load distribution results.
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3 Summary of results
Design of the anchor plate, anchors, welds and other elements are based on CBFEM (component based finite element method) and AISC.

Load combination Max. utilization Status
Anchors 1.2D+1.6Lr+0.5WA 17% OK

Anchor plate 1.2D+1.6Lr+0.5WA 16% OK
Welds 1.2D+1.6Lr+0.5WA 19% OK

Stiffeners 1.2D+1.6Lr+0.5WA 34% OK
Concrete 1.2D+1.6Lr+0.5WA 5% OK

Profile 1.2D+1.6Lr+0.5WA 27% OK

Fastening meets the design criteria!
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4 Remarks; Your Cooperation Duties
● Any and all information and data contained in the Software concern solely the use of Hilti products and are based on the principles, formulas

and security regulations in accordance with Hilti's technical directions and operating, mounting and assembly instructions, etc., that must be
strictly complied with by the user. All figures contained therein are average figures, and therefore use-specific tests are to be conducted prior to
using the relevant Hilti product. The results of the calculations carried out by means of the Software are based essentially on the data you put
in. Therefore, you bear the sole responsibility for the absence of errors, the completeness and the relevance of the data to be put in by you.
Moreover, you bear sole responsibility for having the results of the calculation checked and cleared by an expert, particularly with regard to
compliance with applicable norms and permits, prior to using them for your specific facility. The Software serves only as an aid to interpret
norms and permits without any guarantee as to the absence of errors, the correctness and the relevance of the results or suitability for a
specific application.

● You must take all necessary and reasonable steps to prevent or limit damage caused by the Software. In particular, you must arrange for the
regular backup of programs and data and, if applicable, carry out the updates of the Software offered by Hilti on a regular basis. If you do not
use the AutoUpdate function of the Software, you must ensure that you are using the current and thus up-to-date version of the Software in
each case by carrying out manual updates via the Hilti Website. Hilti will not be liable for consequences, such as the recovery of lost or
damaged data or programs, arising from a culpable breach of duty by you.
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r
 Pay Station Canopy Analysis (cont'd)

 Pipe Flange Connection

Cc := LC := NODE :=

Number of Bolts Per Connection Nbolts 4:=

Flange Bolt Circle BC 7.0in:=

Max Tension at Connection T 2297.16 lb=

Max Moment at Connection M 543.65 lb ft=

Max Shear at Connection V 669.2 lb=

Max Tension per Bolt Tmax
T

Nbolts

4 M
BC Nbolts

+ 1506lb=:=

Max Shear per Bolt Vmax
V

Nbolts
167 lb=:=

Use 5/8" Dia. Grade 5 Bolts: Tall 10848lb:= Vall 5738lb:=

< 1.0 OKUse (4) 5/8" Dia. Grade 5 Bolts at Flange
Connections

Tmax

Tall

Vmax

Vall
+ 0.17=
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 Pay Station Canopy Analysis (cont'd)
LCq "ENVELOPE"=

 Connection Analysis- HSS Mast Arm Welded to HSS Column

ASTM A500 Grade B Fy fya500 50 ksi=:= Fu fua500 62 ksi=:= E Es 29000 ksi=:=

prop4 Α, 
"HSS 6.625 x 0.280"= pprop4 Β, 

"HSS 3.5 x 0.216"=

A prop0 Α, 
in2 5.2 in2=:= Ab pprop0 Β, 

in2 2.07 in2=:= P 2.35 k=
t prop1 Α, 

in 0.26 in=:= tb pprop1 Β, 
in 0.2 in=:= Min 0.12 k ft= M1

D prop2 Α, 
in 6.62 in=:= Db pprop2 Β, 

in 3.5 in=:= Mout 0.04 k ft=

S prop3 Α, 
in3 7.96 in3=:= Sb pprop3 Β, 

in3 1.63 in3=:=

AISC Specification Section K4 and Table K4.1A - Limits of Applicability θ 75deg:= > 30 deg

OK
Db

tb
17.41= <  50

Branch Wall 
Slenderness

OK
Db

tb
17.41= < 0.05

E
Fy

 29=

OKColumn Wall 
Slenderness 

D
t

25.48= < 50

OKWidth Ratio 0.2 <
Db

D
0.53= < or = 1.0
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 Pay Station Canopy Analysis (cont'd)

 Connection Analysis- HSS Mast Arm Welded to HSS Column (Cont'd) 

AVAILABLE FLEXURAL STRENGTH - AISC TABLE K4.1 

Chord Plastification (In-plane bending moment in branch) - AISC table K4.1

Max.Chord (Column) Axial Reaction Pr 1.89 k=
M31Max. Chord Moment (In Plane) Mr 2.4 k ft=

β Db

D
0.53=:= γ D

2 t
12.74=:=

Fc 0.6 Fy 30 ksi=:=

UT 1.0:= U
Pr

A Fc

Mr

S Fc
+ 0.133=:=

Qf 1.0 0.3U 1 U+( )- 0.955=:= Ω 1.67:=

Mnip
5.39 Fy t2 γ0.5 β Db Qf

sin θ( )
9905.77 lb ft=:=

Mnip

Ω 5931.6 lb ft=

Shear Yielding (punching - in plane bending moment in branch) AISC Table K4.1

Db 3.5 in= < D 2 t-( ) 6.1 in= Ωy 1.58:=

Mnip2 0.6 Fy t Db
2

1 3 sin θ( )+

4 sin θ( )2

















8316.09 lb ft=:=

Mnip2 Ωy 5263.35 lb ft=
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 Pay Station Canopy Analysis (cont'd)

 Connection Analysis- HSS Mast Arm Welded to HSS Column (Cont'd) 

Chord Plastification (Out-of-plane bending moment in branch) - AISC table K4.1

Mnop
Fy t2 Db

sin θ( )
3

1 0.81β-






 Qf 5110.86 lb ft=:= Ω 1.67=

Mnop

Ω 3060.4 lb ft=

Shear Yielding  - punching (Out-of-plane bending moment in branch) - AISC table K4.1

Db 3.5 in= < D 2 t-( ) 6.1 in= Ωy 1.58:=

Mnop2 0.6Fy t Db
2

3 sin θ( )+

4 sin θ( )2









 8461.48 lb ft=:=

Mnop2

Ωy
5355.37 lb ft=

AVAILABLE AXIAL STRENGTH - AISC TABLE K3.1 

Shear Yielding  - punching - AISC table K3.1

Db 3.5 in= < D 2 t-( ) 6.1 in=

Pn 0.6 Fy t π Db
1 sin θ( )+

2 sin θ( )2









90357.06 lb=:= Ωy 1.58:=

Pn

Ωy
57188.01 lb=

Chord Plastification 

Pn2
Fy t2 3.1 15.6β2+( ) γ0.2 Qf

sin θ( )
41434.82 lb=:= Ω 1.67=

Pn2

Ω 24811.27 lb=
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 Pay Station Canopy Analysis (cont'd)

 Connection Analysis- HSS Mast Arm Welded to HSS Column (Cont'd) 

LCq "ENVELOPE"=CONNECTION SUMMARY RESULTS 

Allowable In-Plane Bending Main min
Mnip

Ω
Mnip2

Ωy
, 









5263.35 lb ft=:=

Allowable Out of Plane Bending Maout min
Mnop

Ω
Mnop2

Ωy
, 









3060.4 lb ft=:=

Allowable Axial Load Pa min
Pn

Ωy

Pn2

Ω, 








24811.27 lb=:=

< 1.0 OKP
Pa

Min

Main









2
+

Mout

Maout
+ 0.11=

 Weld Check

d Db 3.5 in=:= lw π d 11 in=:= Sw
π d2

4
9.62 in2=:=

V 169.36 lb= M Min 116.71 lb ft=:=

D 3in:=  1/16 in. weld Rc_cs 0.928ksiD d:= Ωcs 2.0:= Fu_cs 70ksi:=

WELD OK
Rc_cs

d
2.78

k
in

= > M
Sw

V
lw

+ 0.16
k
in

=

USE "3/16 FILLET WELD ALL AROUND"=
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 Pay Station Canopy Analysis (cont'd)

 Connection Analysis- HSS Welded to HSS  Mast Arm   LCq "ENVELOPE"=

ASTM A500 Grade B Fy fya500 50 ksi=:= Fu fua500 62 ksi=:= E Es 29000 ksi=:=

pprop4 Β, 
"HSS 3.5 x 0.216"=

A pprop0 Β, 
in2 2.07 in2=:= Ab pprop0 Β, 

in2 2.07 in2=:=
P 2.22 k=t pprop1 Β, 

in 0.2 in=:= tb pprop1 Β, 
in 0.2 in=:=

Min 0.75 k ft= M27D pprop2 Β, 
in 3.5 in=:= Db pprop2 Β, 

in 3.5 in=:=
Mout 0.01 k ft=

S pprop3 Β, 
in3 1.63 in3=:= Sb pprop3 Β, 

in3 1.63 in3=:=

AISC Specification Section K4 and Table K4.1A - Limits of
Applicability 

θ 45deg:= > 30 deg

OKDb

tb
17.41= <  50

Branch Wall 
Slenderness

OK
Db

tb
17.41= < 0.05

E
Fy

 29=

OKColumn Wall 
Slenderness 

D
t

17.41= < 50

OKWidth Ratio 0.2 <
Db

D
1= < or = 1.0
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 Pay Station Canopy Analysis (cont'd)

 Connection Analysis-   HSS Welded to HSS  Mast Arm  (Cont'd) 

AVAILABLE FLEXURAL STRENGTH - AISC TABLE K4.1 

Chord Plastification (In-plane bending moment in branch) - AISC table K4.1

Max.Chord Axial Reaction Pr 0.0144 k= M8 
Mr 0.82 k ft=Max. Chord Moment (In Plane) 

β Db

D
1=:= γ D

2 t
8.71=:=

Fc 0.6 Fy 30 ksi=:=

Qf 1.0:= TABLE K4.1 
K2 -3 Ω 1.67:=

Mnip
5.39 Fy t2 γ0.5 β Db Qf

sin θ( )
13251.76 lb ft=:=

Shear Yielding (punching - in plane bending moment in branch) AISC Table K4.1

Db 3.5 in= < D 2 t-( ) 3.1 in= Ωy 1.58:=

If D.b is greater > than (D-2t) Limit State does not need to be checked. 
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 Pay Station Canopy Analysis (cont'd)

 Connection Analysis-   HSS Welded to HSS  Mast Arm  (Cont'd) 

Chord Plastification (Out-of-plane bending moment in branch) - AISC table K4.1

Mnop
Fy t2 Db

sin θ( )
3

1 0.81β-






 Qf








13156.23 lb ft=:= Ω 1.67=

Mnop Ω 7877.98 lb ft=

Shear Yielding  - punching (Out-of-plane bending moment in branch) - AISC table K4.1

Db 3.5 in= < D 2 t-( ) 3.1 in= Ωy 1.58:=

If D.b is greater > than (D-2t) Limit State does not need to be checked. 

 AVAILABLE AXIAL STRENGTH - AISC TABLE K3.1 

Shear Yielding  - punching - AISC table K3.1

Db 3.5 in= < D 2 t-( ) 3.1 in= Ωy 1.58:=

If D.b is greater > than (D-2t) Limit State does not need to be checked. 

Chord Plastification 

Pn2
Fy t2 3.1 15.6β2+( ) γ0.2 Qf

sin θ( )
82354.46 lb=:= Ω 1.67=

Pn2 Ω 49314.05 lb=
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 Pay Station Canopy Analysis (cont'd)

 Connection Analysis-   HSS Welded to HSS  Mast Arm  (Cont'd) 

CONNECTION SUMMARY RESULTS 

Allowable In-Plane
Bending 

Main min
Mnip

Ω








7935.19 lb ft=:=

Allowable Out of Plane Bending Maout min
Mnop

Ω








7877.98 lb ft=:=

Allowable Axial Load Pa min
Pn2

Ω








49314.05 lb=:=

< 1.0 OKP
Pa

Min

Main









2
+

Mout

Maout
+ 0.05=cos θ( ) 0.71=

 Weld Check

d 2 Db cos θ( ) 4.9 in=:= lw π d 15.55 in=:=
Sw

π d2
4

19.24 in2=:=

V 672.82 lb= M Min 748.99 lb ft=:=

D 4in:=  1/16 in. weld Rc_cs 0.928ksiD d:= Ωcs 2.0:= Fu_cs 70ksi:=

WELD OK
Rc_cs

d
3.71

k
in

= > M
Sw

V
lw

+ 0.51
k
in

=

USE "1/4 FILLET WELD ALL AROUND"=
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 Pay Station  Canopy Analysis (cont'd)

 Opening in Pole at Base Analysis

 Risa-3D Reactions LCq "ENVELOPE"=

Vz 0.052 k= Vy 0.09 k= P 1.89 k= Mz 0.47 k ft=

My 2.4 k ft=V Vz
2 Vy

2+ 107 lb=:= T 0 k ft=

 Steel Properties fy fya500 50 ksi=:= A500B Gr 50 

E 29000ksi:= K 2.1:= L 10.647ft:=

Safety Factors Ωc 1.67:= Ωb 1.67:= ΩT 1.67:= Ωv 1.67:=

prop4 Α, 
"HSS 6.625 x 0.280"= Section Properties - HSS Post with Opening

A oprop0 Α, 
in2 4.15 in2=:= Sz oprop1 Α, 

in3 4.24 in3=:= Sy oprop2 Α, 
in3 7.56 in3=:=

rz oprop3 Α, 
in 1.89 in=:= ry oprop4 Α, 

in 2.46 in=:= tdes prop5 Α, 
in 0.26 in=:=

 Axial Compression
K L
ry

109.29= > 4.71
E
fy

 113.43=
K L
rz

142.34= > 4.71
E
fy

 113.43=

Fe
π2 E

K L
min ry rz, ( )









2
14.13 ksi=:= Fcr 0.877 Fe 12.39 ksi=:=

Pall
Fcr A

Ωc
30.8 k=:= rm 6.365in:=

 Shear Cv 1:=

Vall
0.6 fy A Cv

Ωv
75 k=:= τapp

T 6 π rm 1.8tdes+( )

4π2rm
2 tdes( )2

0.02 ksi=:=

τmax
0.6 fy

Ωv
17.96 ksi=:= τapp

τmax
0=

 Flexural

Mzall
fy Sz

Ωb
10.579 k ft=:= Myall

fy Sy

Ωb
18.862 k ft=:=

< 1.0 OK, NO STIFFENERS REQUIREDEQ "H2-1"= UNITY 0.233=
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 Cross Bar Analysis

 Cross Bar Geometry

b Dcb 2 in=:= t tcb 0.125 in=:= Ag Acb 0.94 in2=:=

Max Length of Bar B B 2 17 ft=:=

Spacing of Bars sp 15.31 in=

 Dead and Live Loads

Dead Load WD wsw 1.1 plf=:=

Roof Live Load wLL 5 psf= WLro wLL sp 6.38 plf=:=

Snow Load WS 1.37Dcbi
2 2( ) γs  Dcbi

0.73pf

γs
if

Dcbi Dcbi 2 xs-( )+

2
pf otherwise

1.36 plf=:=

Atmospheric Ice Loads WDi Acbi ρi 4.04 plf=:=

 Wind Load Analysis - Open Bldg, per Fig 27.3-4 & 27.3-5

pWcbA 20.01 psf= WWLA pWcbA Dcb 3.34 plf=:=Full Wind
pWcbB 18.35- psf= WWLB pWcbB Dcb 3.06- plf=:=

Ice Wind wwice PWvai αi B( ) Dcbi 0.5 plf=:=

 ASD Factored Loads

1.) DL + RLL ASD1 WD WLro+ 7.51 plf=:=

2.) DL + SL ASD2 WD WS+ 2.49 plf=:=

3.) DL + 0.6WLA ASD3 WD 0.6 WWLA+ 3.13 plf=:=

4.) DL + 0.75(0.6WLA + RLL) ASD4 WD 0.75 0.6 WWLA WLro+( )+ 7.41 plf=:=

5.) DL + 0.75(0.6WLA + SL) ASD5 WD 0.75 0.6 WWLA WS+( )+ 3.65 plf=:=

6.) 0.6DL + 0.6WLB ASD6 0.6 WD 0.6 WWLB+ 1.16- plf=:=

7.) DL + 0.7Di + 0.7WLi + S ASD7 0 tice 0=if

WD 0.7 WDi wwice+( )+ WS+ otherwise

5.68 plf=:=

ASDmax max ASD1 ASD2, ASD3, ASD4, ASD5, ASD6, ASD7, ( ) 7.51 plf=:=

Max Applied 
Moment and Shear Ma

ASDmax B2

8
0.27 ft k=:= Va

ASDmax B

2
0.064 k=:=
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 2" Sq. x 1/8" Thick Aluminum Tube Trellis Bar (6061-T6) per IBC 1607.7

Maximum Span: Lb B 17 ft=:=

 Section Properties:

h Dcb:= b Dcb:= tw tcb:= E Eal 10100 ksi=:= G Gal 3800 ksi=:=

A b h b 2 tw-( ) h 2 tw-( )( )- 0.938 in2=:=

Iy
h b3 h 2 tw-( ) b 2 tw-( )3-

12
0.552 in4=:=Ix

b h3 b 2 tw-( ) h 2 tw-( )3-

12
0.552 in4=:=

Sy
h b3( ) h 2 tw-( ) b 2 tw-( )3-

6b
0.552 in=:=Sx

b h3( ) b 2 tw-( ) h 2 tw-( )3-

6h
0.552 in3=:=

Zy
b2 h b 2 tw-( )2 h 2 tw-( )-

4
0.66 in3=:=Zx

b h2 b 2 tw-( ) h 2 tw-( )2-

4
0.66 in3=:=

J
2 tw tw h tw-( )2 b tw-( )2

h tw b tw+ tw
2- tw

2-
0.824 in4=:=rx

Ix
A

0.767 in=:=

 Allowable Welded Stress: (6061-T6 Al.) Ωbr 1.95:= Ωbo 1.65:=

 ADM 2015 F.2 Gross Yielding

M1cb Zx Fcy Ωbr 987.41 lb ft=:=

M2cb 1.5 Sx Fty Ωbo 1462.99 lb ft=:=

M3cb 1.5Sx Fcy Ωbo 1462.99 lb ft=:=

Mnp min M1cb M2cb, M3cb, ( ) 987.41 lb ft=:= Fnp Mnp Sx 21.47 ksi=:=
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 2" Sq. x 1/8" Thick Aluminum Tube Trellis Bar (6061-T6) per IBC 1607.7 (cont'd.)

 Allowable Welded Stress: (6061-T6 Al.)

 ADM 2015 F.4 Lateral-Torsional Buckling

F.4.1 Bending Coefficient Cb

Mmax Ma 271.18 lb ft=:=

MA
ASDmax 0.25B( )

2
B 0.25B-( ) 203.39 lb ft=:= MB Mmax:= MC MA:=

Cb
12.5Mmax

2.5Mmax 3 MA+ 4 MB+ 3 MC+
1.14=:= λ 2.3

Lb Sx

Cb Iy J
 27.88=:=

 Table B.4.2 Buckling Constants

Bc Fcy 1
Fcy ksi 1-

2250
+







 35.09 ksi=:= Dc
Bc

10

Bc

E
 0.21 ksi=:= Cc 0.41

Bc

Dc
 69.56=:=

 F.4 LTB Equation

Mnmb Mnp 1
λ

Cc
-









π2 E λ Sx

Cc
3

+










λ Cc<if

π2 E Sx

λ2
λ Ccif

971.35 lb ft=:=

Fnmb Mnmb Sx 21.13 ksi=:=

 ADM 2015 Table 2-18 Axial Compression - B.5.4.2 (16) λB542
b 2 t-

t
14=:=

FB542 21.2ksi λB542 20.8<if

27.3 0.291 λB542-( )ksi  20.8 λB542 33<if

580 λB542( )ksi λB542 33if

21.2 ksi=:=

 ADM 2015 Table 2-18 Flexural Compression - B.5.5.1 (18) λB551
b 2t-

t
14=:=

FB551 31.8ksi( ) λB551 33.1<if

40.5 0.262 λB551-( )ksi  33.1 λB551 77<if

1563 λB551( )ksi λB551 77if

31.8 ksi=:=

Fbx min Fnp Fnmb, FB542, FB551, ( ) 21.13 ksi=:=

 Applied Compressive Stress in Extreme Fiber fb Ma Sx( ) 5.9 ksi=:=

< 1.0 OK Use 2" Square x 1/8" Thick
6061-T6 B211 Cross Bar

fb
Fbx

0.28=
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  Trellis Bar Connection

Trellis Bar Dimensions
(Angle Shape) 

t 0.1345in:= b 2.125in:= d 2.125in:=

a b t- 1.99 in=:= c d t- 1.99 in=:=

y
d2 a t+

2 b c+( )
0.58 in=:= Ωb 1.67:=

Moment of Inertia Ix
1
3

t d y-( )3 b y3+ a y t-( )3-  0.24 in4=:=

Section Modulus Sx
Ix

d y-( )
0.16 in3=:= fya1008 41.3 ksi=

Allowable Moment Mall
fya1008 Sx( )

Ωb
326.89 lb ft=:=

Max Trellis Reaction P Va 63.81 lb=:=

Moment Arm and Moment Marm 6in:= M 1.5P Marm 47.86 lb ft=:=

< 1.0 OKM
Mall

0.15=

Use a 2-1/8"x2-1/8"x0.1345" thick, ASTM A1008 Steel angle

 1/2" ϕ SAE Grade 5 Trellis Connector Bolt to 3/4" ϕ Bung Tn 6811lb:=

Tension Due to 
Force Couple

Ta M 0.375in 1531.37 lb=:=
< 1.0 OK

Ta

Tn
0.225=

Use (1) 1/2" ϕ Grade 5 Bolt at Trellis Connector
By inspection, 1/4" weld all around is OK
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