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 16x20 Mobile Roof Design Loads and Global Stability

 Location: Various

 Codes and Referenced Standards

2012 International Building Code•
Aluminum Design Manual, 2010 ed.•
American Institute of Steel Construction, Steel Construction Manual 14th Edition•
American Society of Civil Engineers 7-10 (ASCE 7-10) "Minimum Design Loads for Buildings and Other Structures"•
American Society of Civil Engineers 37-02 (ASC 37-02) "Design Loads on Structures During Construction"•
ANSI E 1.21-2006 "Temporary Ground-Supported Overhead Structures Used To Cover Stage Areas and Support•
Equipment in the Production of Outdoor Entertainment Events"

 Project Description

The 16x20 mobile roof is a trailer that converts into a stage deck and roof.  The trailer is constructed out of Steel wide flange
members and the deck is constructed out of steel tube with plywood overlay.  The sunshade is constructed out of aluminum
extruded beams and tubes.  The roof acts as a sunshade only except for Beam #1, Beam #3, and speaker wing beam which
have a rated capacity.   

The lateral stability of the system is created using flexible moment frames.  

 Analysis Assumptions/Design Criteria

The roof system will have backwall scrim skirting around the base of the stage and an optional banner package.•
The sidewall scrim & rigging equipment will be required to be lowered when wind speeds are expected to exceed 30•
mph.
The roof system will be lowered when not in use.•
Structural members will be checked in Mathcad.•
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 Design Loads

 Dead Load: The self weight of the structure will be included.

 Live Load: See Mathcad Calculations.

 Wind Load:

The wind loads for the structure will be considered for two separate cases.  A high wind action plan will be in place whenever

the backwall scrim is in place. 
 
 Case #1:  The roof is fully covered and backwall scrim is installed using a 30 mph wind.  The roof uplift will be considered

using the force coefficients for roofs over open buildings.  The lateral wind loads will be determined using force coefficients

for solid signs. Use ASCE 7-10 wind load criteria.

 
 Case #2:  30 mph wind load with roof and fiberglass handrail only.  The structure will be considered open otherwise.  The

roof uplift will be considered using the force coefficients for roofs over open buildings.  Use ASCE 7-10 wind load criteria.

 Case #3:  The banner package will be designed for 20 mph.  It will include the fully covered roof and the backwall scrim

from Case #1.  There will be (3) banners:  one on each side of the stage: 16' high and 4' wide (2); and (1) on top, measuring

22' across and 42" high.

Wind speed (Risk Category II) V 30:= mph Vhwap 30:= mph Vban 20:= mph

Exposure category = C (assume worst case)

Mean roof height = 16' hmean 16 ft⋅:= maximum trim height approximately 16ft

Gust effect factor, G: G 0.85:=

Velocity pressure exposure coefficient: Kz 0.86:=

Topographic factor: Kzt 1.0:=

Wind directionality factor: Kd 0.85:=

Velocity pressure:
qz 0.00256 Kz⋅ Kzt⋅ Kd⋅ V( )

2⋅ psf⋅:= qz 1.684 psf⋅=

qz_hwap 0.00256 Kz⋅ Kzt⋅ Kd⋅ Vhwap( )2⋅ psf⋅:= qz_hwap 1.684 psf⋅=

qz_ban 0.00256 Kz⋅ Kzt⋅ Kd⋅ Vban( )2⋅ psf⋅:= qz_ban 0.749 psf⋅=
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 Case #1 30 MPH Wind (w/ Scrim & Rigging)

 Wind Pressures on Backwall Scrim

According to ASCE 7-10 Figure 29.4-1.  Since 30 mph is service wind speed, the wind forces for the HWAP wind speed of 30mph

will not be reduced by 0.6

Width: B 22ft:=

Sign height: s 16ft:=

Total height: h 16ft:= B/S ratio:
B

s
1.375= s/h ratio:

s

h
1=

 Case A & B

Force Coefficient for case A & B Cf_AB 1.4375:=

Ultimate sign wind pressure: pu_scrim_hwap_AB qz_hwap Cf_AB⋅ G⋅ 2.058 psf⋅=:=

Service sign wind pressure: ps_scrim_hwap_AB pu_scrim_hwap_AB 2.058 psf⋅=:=

Total service wind load for Case A & B: Ps_scrim_hwap_AB ps_scrim_hwap_AB B⋅ s⋅ 724.385 lbf⋅=:=

top
Ps_scrim_hwap_AB 0.55s( )⋅

s
398.412 lbf⋅=:= bot

Ps_scrim_hwap_AB 0.45s( )⋅

s
325.973 lbf⋅=:=

Distributed service wind load to top & bot Case A: ws_scrim_hwap_A

Ps_scrim_hwap_AB

B
32.927 plf⋅=:=

wtop

ws_scrim_hwap_A 0.55s( )⋅

s
18.11 plf⋅=:= wbot

ws_scrim_hwap_A 0.45s( )⋅

s
14.817 plf⋅=:=

Eccentricity for case B: escrim_hwap_B 0.2 B⋅ 4.4 ft⋅=:=
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 Roof uplift pressure

Roof uplift pressures will be determined based on ASCE 7-10 Figure 27.4-4 or 27.4-7 for Open Buildings.  The roof slope is 2.5

degs up from the horizontal.

 Roof uplift pressure for wind in upstage/downstage direction:

Use open structure with monoslope free roofs - use Figure 27.4-4.  Plus sign signifies pressure towards roof, minus sign signifies

pressure acting away from roof. Since 30mph is service wind speed, the wind forces for the HWAP wind speed of 30 mph will not

be reduced by 0.6

Height of structure: h 16 ft=

Perpendicular to wind surface: L 22 ft⋅:=

Ratio:
h

L
0.727= θ 2.5 deg⋅:=

Force coefficients: CNW_A 1.2:= CNL_A 0.3:=

CNW_B 1.1−:= CNL_B 0.1−:=

Ultimate pressure on roof:

pu_uplift_A_hwap_wind qz_hwap CNW_A⋅ G⋅:= pu_uplift_A_hwap_wind 1.718 psf⋅=

pu_uplift_A_hwap_lee qz_hwap CNL_A⋅ G⋅:= pu_uplift_A_hwap_lee 0.429 psf⋅=

pu_uplift_B_hwap_wind qz_hwap CNW_B⋅ G⋅:= pu_uplift_B_hwap_wind 1.575− psf⋅=

pu_uplift_B_hwap_lee qz_hwap CNL_B⋅ G⋅:= pu_uplift_B_hwap_lee 0.143− psf⋅=

Service pressure on roof:

ps_uplift_A_hwap_wind pu_uplift_A_hwap_wind:= ps_uplift_A_hwap_wind 1.718 psf⋅=

ps_uplift_A_hwap_lee pu_uplift_A_hwap_lee:= ps_uplift_A_hwap_lee 0.429 psf⋅=

ps_uplift_B_hwap_wind pu_uplift_B_hwap_wind:= ps_uplift_B_hwap_wind 1.575− psf⋅=

ps_uplift_B_hwap_lee pu_uplift_B_hwap_lee:= ps_uplift_B_hwap_lee 0.143− psf⋅=
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 Roof uplift pressure for wind in cross stage direction

Use Figure 27.4-7 for open buildings with troughed free roofs. plus signifies pressure towards the roof, minus signifies pressure

acting away from the roof. Conservatively use 0 to h values for entire roof.  Since 30mph is service wind speed, the wind forces

for the HWAP wind speed of 30mph will not be reduced by 0.6

Force coefficients: CN_Ah 0.8−:= CN_Bh 0.8:= <h away from windward edge

Ultimate pressure on roof: pu_uplift_A_hwap qz_hwap CN_Ah⋅ G⋅:= pu_uplift_A_hwap 1.145− psf⋅=

pu_uplift_B_hwap qz_hwap CN_Bh⋅ G⋅:= pu_uplift_B_hwap 1.145 psf⋅=

Service pressure on roof: ps_uplift_A_hwap pu_uplift_A_hwap:= ps_uplift_A_hwap 1.145− psf⋅=

ps_uplift_B_hwap pu_uplift_B_hwap:= ps_uplift_B_hwap 1.145 psf⋅=

 Wind Pressures on crosstage fiberglass

According to ASCE 7-10 Figure 29.4-1.Since 30mph is service wind speed, the wind forces for the HWAP wind speed of

30mph will not be reduced by 0.6

Width: B 7 ft⋅ 6 in⋅+:=

Sign height: s 8 ft⋅ 6 in⋅+:=

Total height: h 16ft:= B/S ratio:
B

s
0.882= s/h ratio:

s

h
0.531=

 Case A & B

Force Coefficient for case A & B Cf_AB 1.75:=

Ultimate sign wind pressure: pu_fg_hwap_AB qz_hwap Cf_AB⋅ G⋅:= pu_fg_hwap_AB 2.505 psf⋅=

Service sign wind pressure: ps_fg_hwap_AB pu_fg_hwap_AB:= ps_fg_hwap_AB 2.505 psf⋅=
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 Lateral pressure on beams and mast

Use open signs and lattice frameworks to determine the wind loads on the exposed beams and masts. 

See Figure 29.5-2, ASCE 7-10.  Since 50 mph is service wind speed, the wind forces for the HWAP wind speed of 30mph

will not be reduced by 0.6

Truss members:
Ag 22ft 12.667⋅ ft:= Ag 278.674 ft

2=

Asolid 22ft 1⋅ ft 2 12.667⋅ ft 0.5⋅ ft+:= Asolid 34.667 ft
2=

ε
Asolid

Ag

:= ε 0.124=

Determine Cf: Cf 2.0:= ε < 0.1

Ultimate lateral pressure on beam: wu_wind_beam qz_hwap Cf⋅ G⋅ 1⋅ ft:= wu_wind_beam 2.863 plf⋅=

Service lateral pressure on beam: ws_wind_beam wu_wind_beam:= ws_wind_beam 2.863 plf⋅=

Ultimate lateral load on mast: wu_wind_mast qz_hwap Cf⋅ G⋅ 0.5⋅ ft:= wu_wind_mast 1.432 plf⋅=

Service lateral pressure on mast: ws_wind_mast wu_wind_mast:= ws_wind_mast 1.432 plf⋅=
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 Wind Pressure on handrail fiberglass

 Sign Dimensions

Sign Width: Bsign 22 ft⋅:=

Top of sign height: hsign 43 in⋅:=

Vertical dimension of sign: ssign 42in:=

Aspect ratio, B/s: B_over_s
Bsign

ssign

6.286=:=

Clearance ratio, s/h: s_over_h
ssign

hsign

0.977=:=

 Case A & B

Force coefficient: Cf_AB 1.34:=

Case A & B sign ultimate wind pressures pu_sign_AB qz_hwap Cf_AB⋅ G⋅:= pu_sign_AB 1.918 psf⋅=

Case A & B sign service wind pressures ps_sign_AB 0.6 pu_sign_AB⋅:= ps_sign_AB 1.151 psf⋅=

Case A & B ultimate total sign wind load: Pu_sign_AB pu_sign_AB Bsign⋅ ssign⋅:= Pu_sign_AB 0.148 kip⋅=

Case A & B service total sign wind load: Ps_sign_AB 0.6 Pu_sign_AB⋅:= Ps_sign_AB 0.089 kip⋅=
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 Case C

For B/s ratios > 2.0, Case C must also be considered.

Aspect ratio, B/s: B_over_s 6.286=

 Force Coefficients

Region from 0 to s from windward edge: Cf_C_0s 3.325:=

Region from s to 2s from windward edge: Cf_C_s2s 2.175:=

Region from 2s to 3s from windward edge: Cf_C_2s3s 1.575:=

Region from 3s to 10s from windward edge: Cf_C_3s10s 1.05:=

 Basic Wind Speed

 Case C Regions's Ultimate Sign Wind Pressures

pu_sign_C_0s qz_hwap Cf_C_0s⋅ G⋅:=
pu_sign_C_0s 4.76 psf⋅=

pu_sign_C_s2s qz_hwap Cf_C_s2s⋅ G⋅:=
pu_sign_C_s2s 3.114 psf⋅=

pu_sign_C_2s3s qz_hwap Cf_C_2s3s⋅ G⋅:=
pu_sign_C_2s3s 2.255 psf⋅=

pu_sign_C_3s10s qz_hwap Cf_C_3s10s⋅ G⋅:=
pu_sign_C_3s10s 1.503 psf⋅=

 Case C Regions's Service Sign Wind Pressures

ps_sign_C_0s 0.6pu_sign_C_0s:=
ps_sign_C_0s 2.856 psf⋅=

ps_sign_C_s2s 0.6 pu_sign_C_s2s⋅:=
ps_sign_C_s2s 1.868 psf⋅=

ps_sign_C_2s3s 0.6 pu_sign_C_2s3s⋅:=
pu_sign_C_2s3s 2.255 psf⋅=

ps_sign_C_3s10s 0.6 pu_sign_C_3s10s⋅:=
ps_sign_C_3s10s 0.902 psf⋅=

 Case C Region's Ultimate Sign Wind Load

Pu_sign_C_0s pu_sign_C_0s ssign⋅ ssign⋅:= Pu_sign_C_0s 0.058 kip⋅=

Pu_sign_C_s2s pu_sign_C_s2s ssign⋅ ssign⋅:= Pu_sign_C_s2s 0.038 kip⋅=

Pu_sign_C_2s3s pu_sign_C_2s3s ssign⋅ ssign⋅:= Pu_sign_C_2s3s 0.028 kip⋅=

Pu_sign_C_3s10s pu_sign_C_3s10s B_over_s 3−( )⋅ ssign⋅ ssign⋅:= Pu_sign_C_3s10s 0.061 kip⋅=
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 Case C Region's Service Sign Wind Load

Ps_sign_C_0s 0.6Pu_sign_C_0s:= Ps_sign_C_0s 0.035 kip⋅=

Ps_sign_C_s2s 0.6 Pu_sign_C_s2s⋅:= Ps_sign_C_s2s 0.023 kip⋅=

Ps_sign_C_2s3s 0.6 Pu_sign_C_2s3s⋅:= Ps_sign_C_2s3s 0.017 kip⋅=

Ps_sign_C_3s10s 0.6 Pu_sign_C_3s10s⋅:= Ps_sign_C_3s10s 0.036 kip⋅=
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 Case #2 30 MPH Wind (No Scrim or Rigging)

 Roof uplift pressure

Roof uplift pressures will be determined based on ASCE 7-10 Figure 27.4-4 or 27.4-7 for Open Buildings.  The roof slope is 2

degs up from the horizontal.

 Roof uplift pressure for wind in upstage/downstage direction:

Use open structure with monoslope free roofs - use Figure 27.4-4.  Plus sign signifies pressure towards roof, minus sign signifies

pressure acting away from roof.  Since 30 mph is service wind speed, the wind forces for the HWAP wind speed of 30mph will not

be reduced by 0.6

Height of structure: h 16 ft=

Perpendicular to wind surface: L 22 ft=

Ratio:
h

L
0.727= θ 2.5 deg⋅=

Force coefficients: CNW_A 1.2= CNL_A 0.3=

CNW_B 1.1−= CNL_B 0.1−=

Ultimate pressure on roof: pu_uplift_A_wind qz CNW_A⋅ G⋅:= pu_uplift_A_wind 1.718 psf⋅=

pu_uplift_A_lee qz CNL_A⋅ G⋅:= pu_uplift_A_lee 0.429 psf⋅=

pu_uplift_B_wind qz CNW_B⋅ G⋅:= pu_uplift_B_wind 1.575− psf⋅=

pu_uplift_B_lee qz CNL_B⋅ G⋅:= pu_uplift_B_lee 0.143− psf⋅=

ps_uplift_A_wind pu_uplift_A_wind:= ps_uplift_A_wind 1.718 psf⋅=
Service pressure on roof:

ps_uplift_A_lee pu_uplift_A_lee:= ps_uplift_A_lee 0.429 psf⋅=

ps_uplift_B_wind pu_uplift_B_wind:= ps_uplift_B_wind 1.575− psf⋅=

ps_uplift_B_lee pu_uplift_B_lee:= ps_uplift_B_lee 0.143− psf⋅=
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 Roof uplift pressure for wind in cross stage direction

Use Figure 27.4-7 for open buildings with troughed free roofs. plus signifies pressure towards the roof, minus signifies pressure

acting away from the roof. Conservatively use 0 to h values for entire roof. Since 30 mph is service wind speed, the wind forces

for the HWAP wind speed of 30mph will not be reduced by 0.6

Force coefficients: CN_Ah 0.8−= CN_Bh 0.8= <h away from windward edge

Ultimate pressure on roof: pu_uplift_A qz CN_Ah⋅ G⋅:= pu_uplift_A 1.145− psf⋅=

pu_uplift_B qz CN_Bh⋅ G⋅:= pu_uplift_B 1.145 psf⋅=

Service pressure on roof: ps_uplift_A pu_uplift_A:= ps_uplift_A 1.145− psf⋅=

ps_uplift_B pu_uplift_B:= ps_uplift_B 1.145 psf⋅=
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 Lateral pressure on beams and mast

Use open signs and lattice frameworks to determine the wind loads on the exposed beams and masts. 

See Figure 29.5-2, ASCE 7-10.  Since 30 mph is service wind speed, the wind forces for the HWAP wind speed of 30mph will not

be reduced by 0.6

Truss members:
Ag 22ft 12.667⋅ ft:= Ag 278.674 ft

2=

Asolid 22ft 1⋅ ft 2 12.667⋅ ft 0.5⋅ ft+:= Asolid 34.667 ft
2=

ε
Asolid

Ag

:= ε 0.124=

Determine Cf: Cf 2.0:= ε < 0.1

Ultimate lateral pressure on beam: wu_wind_beam qz Cf⋅ G⋅ 1⋅ ft:= wu_wind_beam 2.863 plf⋅=

Service lateral pressure on beam: ws_wind_beam wu_wind_beam:= ws_wind_beam 2.863 plf⋅=

Ultimate lateral load on mast: wu_wind_mast qz Cf⋅ G⋅ 0.5⋅ ft:= wu_wind_mast 1.432 plf⋅=

Service lateral pressure on mast: ws_wind_mast wu_wind_mast:= ws_wind_mast 1.432 plf⋅=

 Wind Pressures on crosstage fiberglass

According to ASCE 7-10 Figure 29.4-1.  Since 30 mph is service wind speed, the wind forces for the HWAP wind speed of

30mph will not be reduced by 0.6

Width: B 7 ft⋅ 6 in⋅+:=

Sign height: s 8 ft⋅ 6 in⋅+:=

Total height: h 16ft:= B/S ratio:
B

s
0.882= s/h ratio:

s

h
0.531=

 Case A & B

Force Coefficient for case A & B Cf_AB 1.75:=

Ultimate sign wind pressure: pu_fg_AB qz Cf_AB⋅ G⋅:= pu_fg_AB 2.505 psf⋅=

Service sign wind pressure: ps_fg_AB pu_fg_AB:= ps_fg_AB 2.505 psf⋅=
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 Wind Pressure on handrail fiberglass

 Sign Dimensions

Sign Width: Bsign 22 ft⋅:=

Top of sign height: hsign 43 in⋅:=

Vertical dimension of sign: ssign 42in:=

Aspect ratio, B/s: B_over_s
Bsign

ssign

6.286=:=

Clearance ratio, s/h: s_over_h
ssign

hsign

0.977=:=

 Case A & B

Force coefficient: Cf_AB 1.34:=

Case A & B sign ultimate wind pressures pu_sign_AB qz Cf_AB⋅ G⋅:= pu_sign_AB 1.918 psf⋅=

Case A & B sign service wind pressures ps_sign_AB 0.6 pu_sign_AB⋅:= ps_sign_AB 1.151 psf⋅=

Case A & B ultimate total sign wind load: Pu_sign_AB pu_sign_AB Bsign⋅ ssign⋅:= Pu_sign_AB 0.148 kip⋅=

Case A & B service total sign wind load: Ps_sign_AB 0.6 Pu_sign_AB⋅:= Ps_sign_AB 0.089 kip⋅=

Project: 16x20 Mobile Stage
CRE Project #: 13.533.01

13 of 21 Engineer: SSH/AJG
2/12/2014

CRE 13 of 150
02/12/14



Clark-Reder Engineering, Inc
4828 Business Center Way
Cincinnati, OH 45246

Phone (513) 851-1223
Fax (513) 297-0934
www.clarkreder.com

 Case C

For B/s ratios > 2.0, Case C must also be considered.

Aspect ratio, B/s: B_over_s 6.286=

 Force Coefficients

Region from 0 to s from windward edge: Cf_C_0s 3.325:=

Region from s to 2s from windward edge: Cf_C_s2s 2.175:=

Region from 2s to 3s from windward edge: Cf_C_2s3s 1.575:=

Region from 3s to 10s from windward edge: Cf_C_3s10s 1.05:=

 Basic Wind Speed

 Case C Regions's Ultimate Sign Wind Pressures

pu_sign_C_0s qz Cf_C_0s⋅ G⋅:=
pu_sign_C_0s 4.76 psf⋅=

pu_sign_C_s2s qz Cf_C_s2s⋅ G⋅:=
pu_sign_C_s2s 3.114 psf⋅=

pu_sign_C_2s3s qz Cf_C_2s3s⋅ G⋅:=
pu_sign_C_2s3s 2.255 psf⋅=

pu_sign_C_3s10s qz Cf_C_3s10s⋅ G⋅:=
pu_sign_C_3s10s 1.503 psf⋅=

 Case C Regions's Service Sign Wind Pressures

ps_sign_C_0s 0.6pu_sign_C_0s:=
ps_sign_C_0s 2.856 psf⋅=

ps_sign_C_s2s 0.6 pu_sign_C_s2s⋅:=
ps_sign_C_s2s 1.868 psf⋅=

ps_sign_C_2s3s 0.6 pu_sign_C_2s3s⋅:=
pu_sign_C_2s3s 2.255 psf⋅=

ps_sign_C_3s10s 0.6 pu_sign_C_3s10s⋅:=
ps_sign_C_3s10s 0.902 psf⋅=

 Case C Region's Ultimate Sign Wind Load

Pu_sign_C_0s pu_sign_C_0s ssign⋅ ssign⋅:= Pu_sign_C_0s 0.058 kip⋅=

Pu_sign_C_s2s pu_sign_C_s2s ssign⋅ ssign⋅:= Pu_sign_C_s2s 0.038 kip⋅=

Pu_sign_C_2s3s pu_sign_C_2s3s ssign⋅ ssign⋅:= Pu_sign_C_2s3s 0.028 kip⋅=

Pu_sign_C_3s10s pu_sign_C_3s10s B_over_s 3−( )⋅ ssign⋅ ssign⋅:= Pu_sign_C_3s10s 0.061 kip⋅=
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 Case C Region's Service Sign Wind Load

Ps_sign_C_0s 0.6Pu_sign_C_0s:= Ps_sign_C_0s 0.035 kip⋅=

Ps_sign_C_s2s 0.6 Pu_sign_C_s2s⋅:= Ps_sign_C_s2s 0.023 kip⋅=

Ps_sign_C_2s3s 0.6 Pu_sign_C_2s3s⋅:= Ps_sign_C_2s3s 0.017 kip⋅=

Ps_sign_C_3s10s 0.6 Pu_sign_C_3s10s⋅:= Ps_sign_C_3s10s 0.036 kip⋅=
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 Case #3 20 MPH Wind (w/Scrim, Rigging, & Banners)

 Roof uplift pressure

Roof uplift pressures will be determined based on ASCE 7-10 Figure 27.4-4 or 27.4-7 for Open Buildings.  The roof slope is 2

degs up from the horizontal.

 Roof uplift pressure for wind in upstage/downstage direction:

Use open structure with monoslope free roofs - use Figure 27.4-4.  Plus sign signifies pressure towards roof, minus sign signifies

pressure acting away from roof.  Since 20 mph is service wind speed, the wind forces for the HWAP wind speed of 20 mph will not

be reduced by 0.6

Height of structure: h 16 ft=

Perpendicular to wind surface: L 22 ft=

Ratio:
h

L
0.727= θ 2.5 deg⋅=

Force coefficients: CNW_A 1.2= CNL_A 0.3=

CNW_B 1.1−= CNL_B 0.1−=

Ultimate pressure on roof: pu_uplift_ban_A_wind qz_ban CNW_A⋅ G⋅:= pu_uplift_A_wind 1.718 psf⋅=

pu_uplif_bant_A_lee qz_ban CNL_A⋅ G⋅:= pu_uplift_A_lee 0.429 psf⋅=

pu_uplift_ban_B_wind qz_ban CNW_B⋅ G⋅:= pu_uplift_B_wind 1.575− psf⋅=

pu_uplif_bant_B_lee qz_ban CNL_B⋅ G⋅:= pu_uplift_B_lee 0.143− psf⋅=

ps_uplift_ban_A_wind pu_uplift_A_wind:= ps_uplift_A_wind 1.718 psf⋅=
Service pressure on roof:

ps_uplif_bant_A_lee pu_uplift_A_lee:= ps_uplift_A_lee 0.429 psf⋅=

ps_uplift_ban_B_wind pu_uplift_B_wind:= ps_uplift_B_wind 1.575− psf⋅=

ps_uplif_bant_B_lee pu_uplift_B_lee:= ps_uplift_B_lee 0.143− psf⋅=
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 Roof uplift pressure for wind in cross stage direction

Use Figure 27.4-7 for open buildings with troughed free roofs. plus signifies pressure towards the roof, minus signifies pressure

acting away from the roof. Conservatively use 0 to h values for entire roof.  Since 30mph is service wind speed, the wind forces

for the HWAP wind speed of 30mph will not be reduced by 0.6

Force coefficients: CN_Ah 0.8−:= CN_Bh 0.8:= <h away from windward edge

Ultimate pressure on roof: pu_uplift_ban_A qz_ban CN_Ah⋅ G⋅:= pu_uplift_ban_A 0.509− psf⋅=

pu_uplift_ban_B qz_ban CN_Bh⋅ G⋅:= pu_uplift_ban_B 0.509 psf⋅=

Service pressure on roof: ps_uplift_ban_A_hwap pu_uplift_ban_A:= ps_uplift_ban_A_hwap 0.509− psf⋅=

ps_uplift_ban_B_hwap pu_uplift_ban_B:= ps_uplift_ban_B_hwap 0.509 psf⋅=

 Wind Pressures on crosstage fiberglass

According to ASCE 7-10 Figure 29.4-1.Since 30mph is service wind speed, the wind forces for the HWAP wind speed of

30mph will not be reduced by 0.6

B 7 ft⋅ 6 in⋅+:=

Sign height: s 8 ft⋅ 6 in⋅+:=

Total height: h 16ft:= B/S ratio:
B

s
0.882= s/h ratio:

s

h
0.531=

 Case A & B

Force Coefficient for case A & B Cf_AB 1.75:=

Ultimate sign wind pressure: pu_fg_ban_AB qz_ban Cf_AB⋅ G⋅:= pu_fg_ban_AB 1.113 psf⋅=

Service sign wind pressure: ps_fg_ban_AB pu_fg_ban_AB:= ps_fg_ban_AB 1.113 psf⋅=
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 Wind Pressures on Backwall Scrim

According to ASCE 7-10 Figure 29.4-1.  Since 30 mph is service wind speed, the wind forces for the HWAP wind speed of 30mph

will not be reduced by 0.6

Width: B 22ft 2 4 ft⋅( )⋅+ 30 ft=:=

Sign height: s 16ft 42 in⋅+ 19.5 ft=:=

Total height: h 16ft 42 in⋅+ 19.5 ft=:= B/S ratio:
B

s
1.538= s/h ratio:

s

h
1=

 Case A & B

Force Coefficient for case A & B Cf_AB 1.425:=

Ultimate sign wind pressure: pu_scrim_ban_AB qz_ban Cf_AB⋅ G⋅ 0.907 psf⋅=:=

Service sign wind pressure: ps_scrim_ban_AB pu_scrim_ban_AB 0.907 psf⋅=:=

Total service wind load for Case A & B: Ps_scrim_ban_AB ps_scrim_ban_AB B⋅ s⋅ 530.404 lbf⋅=:=

top
Ps_scrim_ban_AB 0.55s( )⋅

s
291.722 lbf⋅=:= bot

Ps_scrim_ban_AB 0.45s( )⋅

s
238.682 lbf⋅=:=

Distributed service wind load to top & bot Case A: ws_scrim_ban_A

Ps_scrim_ban_AB

B
17.68 plf⋅=:=

wtop_ban

ws_scrim_ban_A 0.55s( )⋅

s
9.724 plf⋅=:= wbot_ban

ws_scrim_ban_A 0.45s( )⋅

s
7.956 plf⋅=:=

Eccentricity for case B: escrim_ban_B 0.2 B⋅ 6 ft⋅=:=
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 Seismic Loads for Analysis

The seismic loads will determined for the current building code.  However, ASCE 37-02 will be used to determine if the

seismic load should be considered for analysis.  Per ASCE 37-02, earthquake loads need not be considered unless the

acceleration coefficient, Aa, read from Map 9-1 of ASCE 7-95, exceeds 0.15.  If Aa exceeds 0.15, earthquake loads need

not be considered if the horizontal design loads from wind or other causes exceed 0.2Aa times the weight to be braced.

The worst case value of Aa per the map is 0.4. Aa 0.4:=

coeff37_02 0.2 Aa⋅:= coeff37_02 0.08=

Service seismic load: Vseismic 0.7 8⋅ kip coeff37_02⋅:= Vseismic 0.448 kip⋅=

Vwind 22ft 16⋅ ft ps_scrim_hwap_AB⋅ 0.724 kip⋅=:=

By inspection, wind load will control
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 Global Stability

  The ballast required will be determined for 30 mph with scrim wind case.

Resisting moment on one half analyzed to use against worst-case overturning moment caused by the Case B wind load.

Mresist
1800 lbf⋅ 3135 lbf⋅+( )

2

6 ft⋅ 5 in⋅+( )

2
⋅:= roof and floor dead load on center

supports x moment arm

Mresist 7.917 kip ft⋅⋅=

 30 MPH (D+W) - Backwall scrim

 Main trailer frame/Floor 0

Overturning moment on one half:

Mot_30 0.7ps_scrim_hwap_AB 22 ft⋅ 12.67⋅ ft⋅( ) 9.67⋅ ft 3.33 ft⋅ 22⋅ ft⋅ 3.33⋅ ft⋅+[ ]⋅ 0.5 1.575 psf⋅ 22⋅ ft⋅ 8.167⋅ ft⋅( )⋅
6 ft⋅ 5 in⋅+( )

2
⋅+:=

Mot_30 4.688 kip ft⋅⋅=

Overturning FOS: FOSot_30

Mresist

Mot_30

1.689=:= check "OK" FOSot_30 1.67≥if

"NO GOOD" otherwise

"OK"=:=

Sliding force: Pslide 0.7Ps_scrim_hwap_AB:= Pslide 507.069 lbf=

Sliding resistance: Rslide 0.3
1800 lbf⋅ 3135 lbf⋅+( )

2
⋅ 740.25 lbf=:=

Overturning FOS: FOSsl_30

Rslide

Pslide

1.46=:=
Say OK
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 20 MPH (D+W) - Backwall scrim & Banner

 Main trailer frame/Floor 0

Overturning moment on one half:

Mot_20 0.77ps_scrim_ban_AB 30 ft⋅ 16.17⋅ ft⋅( ) 11.42⋅ ft 3.33 ft⋅ 22⋅ ft⋅ 3.33⋅ ft⋅+[ ]⋅ 0.5 1.575 psf⋅ 22⋅ ft⋅ 8.167⋅ ft⋅( )⋅
6 ft⋅ 5 in⋅+( )

2
⋅+:=

Mot_20 4.492 kip ft⋅⋅=

Overturning FOS: FOSot_20

Mresist

Mot_20

1.762=:= check "OK" FOSot_20 1.67≥if

"NO GOOD" otherwise

"OK"=:=

Sliding force: Pslide 0.77Ps_scrim_ban_AB:= Pslide 408.411 lbf=

Sliding resistance: Rslide 0.3
1800 lbf⋅ 3135 lbf⋅+( )

2
⋅ 740.25 lbf=:=

Overturning FOS: FOSsl_30

Rslide

Pslide

1.813=:=
Say OK
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 16x20 Mobile Stage - Deck Analysis

 Location: Various

 Codes and Referenced Standards

2012 International Building Code•
Aluminum Design Manual, 2010 ed.•
American Institute of Steel Construction, Steel Construction Manual 14th Edition•
American Society of Civil Engineers 7-10 (ASCE 7-10) "Minimum Design Loads for Buildings and Other Structures"•
American Society of Civil Engineers 37-02 (ASC 37-02) "Design Loads on Structures During Construction"•
ANSI E 1.21-2006 "Temporary Ground-Supported Overhead Structures Used To Cover Stage Areas and Support•
Equipment in the Production of Outdoor Entertainment Events"

 Project Description

The 16x20 mobile roof is a trailer that converts into a stage deck and roof.  The trailer is constructed out of Steel wide flange
members and the deck is constructed out of steel tube with plywood overlay.  The sunshade is constructed out of aluminum
extruded beams and tubes.  The roof acts as a sunshade only except for Beam #1, Beam #3, and speaker wing beam which
have a rated capacity.   The side floor deck is composed of aluminum.

The lateral stability of the system is created using flexible moment frames.  

 Analysis Assumptions/Design Criteria

The roof system will have backwall scrim only with skirting around the base of the stage.•
The sidewall scrim & rigging equipment will be required to be lowered when wind speeds are expected to exceed 30•
mph.
The roof system will be lowered when not in use.•
Structural members will be checked in Mathcad or Excel.•
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 Floor Weights

Weight of the steel DLfl_steel 19 psf⋅:=

Weight of the aluminum DLfl_alum 7 psf⋅:=

Average weight of the floor over the entire area DLfloor

DLfl_steel DLfl_alum+

2
:= DLfloor 13 psf⋅=

 Roof Weight DLroof 10 psf⋅:=

 Axle Weight DLaxle 600 lbf⋅:=
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 16x20 Mobile Roof Stage Deck

The 16x20 Mobile Roof will be analyzed in this MathCAD sheet.

Total dead load on stage deck: DLdeck 7.5 psf⋅:=

Controlling live load capacity: LLdeck 50 psf⋅:=

 Plywood Decking 1-Way

Analysis will be based on the Structural Use Panels supplement to the 2008 APA Panel Design Specification.

Deck live load: deckLL 100psf:=

Deck dead load: deckDL 2.3psf:= 3/4" plywood

Load duration factor: CD 1.0:= Normal

The 3/4 plywood spans across the HSS 2x2 flooring beams which are spaced at 2'-0" oc.  Treat the plywood like a two span

continuous beam with the strength axis perpendicular to the supports.  Plywood is marine grade per Apex Stages.

Moment on plywood: Mplywood_deck

deckLL deckDL+( ) 2 ft⋅( )
2⋅

8
:= assuming only 2-span is conservative.

Mplywood_deck 613.8
lbf in⋅

ft
⋅=

Allowable Moment: M34in_plywood_allow 750
lbf in⋅

ft
CD⋅ 750

lbf in⋅
ft

⋅=:=

check "OK" M34in_plywood_allow Mplywood_deck≥if

"NG" otherwise

"OK"=:=

3/4 plywood deck is OK for at least a 100 psf live load,

WILL NOT CONTROL DESIGN
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 Stage Deck - alternating HSS 2x2x1/8 & HSS 2x3x1/8 - Check smaller HSS - Center joist members

 Section Properties for HSS 2x2x1/8

Enter section properties here for the tube 

Area: A 0.84 in
2⋅:=

Depth: h 2 in⋅:=

Width: b 2in:=

Flange thickness: t 0.116 in⋅:=

Moment of inertia: Ix 0.486 in
4⋅:= Iy 0.486 in

4⋅:=

Section modulus: Sx 0.486 in
3⋅:= Sy 0.486 in

3⋅:=

Radius of gyration: rx 0.761 in⋅:= ry 0.761 in⋅:=

Plastic Section modulus: Zx 0.584 in
3⋅:= Zy 0.584 in

3⋅:=

Torsional constant: J 0.796 in
4⋅:=

 Material Properties

Modulus of elasticity: Es 29000 ksi⋅= Factor of Safety: Ω 1.67:=

Yield Strength (HSS): Fy 46ksi:=

b/t ratio: b_t
b 3 t⋅−

t
14.241=:=

h/t ratio: h_t
h 3 t⋅−

t
14.241=:=
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 Compactness checks

Check ratios for compression elements using Table B4.1.  This sheet only analyzes compact tube shapes.  If the

shape is not compact, further analysis may be required.    

b over t: compcheck "Compact" max b_t h_t, ( ) 1.12
Es

Fy

⋅≤if

"Noncompact" 1.12
Es

Fy

⋅ max b_t h_t, ( )< 1.4
Es

Fy

⋅≤if

"Slender" max b_t h_t, ( ) 1.4
Es

Fy

⋅>if

:=

compcheck "Compact"=

h over t: flexcheck "Compact" max b_t h_t, ( ) 2.42
Es

Fy

⋅≤if

"Noncompact" 2.42
Es

Fy

⋅ max b_t h_t, ( )< 5.7
Es

Fy

⋅≤if

"Slender" max b_t h_t, ( ) 5.7
Es

Fy

⋅>if

:=

flexcheck "Compact"=

 Member Allowable Forces

 Strong (X) Axis - Allowable Flexural Capacity  AISC 360-10 Section F7

Section is compact, only yielding applies

 Nominal & Allowable Moment

Mnx Fy Zx⋅ 26.864 kip in⋅⋅=:= (F7-1) 

Allowable Moment about X axis: Mx_allow_2218

Mnx

Ω
1.341 kip ft⋅⋅=:=
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 Weak (Y) Axis - Allowable Flexural Capacity  AISC 360-10 Section F7

Section is compact, only yielding applies

 Nominal & Allowable Moment

Mny Fy Zy⋅ 26.864 kip in⋅⋅=:= (F7-1) 

Allowable Moment about Y axis: My_allow_2218

Mny

Ω
1.341 kip ft⋅⋅=:=

 Strong (Y) Axis - Allowable Shear Capacity  AISC 360-10 Section G5

Distance between corner: hv h 3 t⋅− 1.652 in⋅=:=

Web buckling coefficient: kv 5:= per G5

Web Shear Coefficient: Cv 1.0
hv

t
1.10

kv Es⋅

Fy

≤if

1.10
kv Es⋅

Fy

⋅

hv

t

1.10
kv Es⋅

Fy

hv

t
< 1.37

kv Es⋅

Fy

≤if

1.51 Es⋅ kv⋅

hv

t









2

Fy⋅

otherwise

:=
(G2-3) 

(G2-4) 

(G2-5)

Cv 1.0=

Shear Area: Aw 2 hv⋅ t⋅ 0.383 in
2⋅=:= per G5

 Nominal & Allowable Shear

Vny 0.6 Fy⋅ Aw⋅ Cv⋅ 10.578 kip⋅=:= (G2-1) 

Allowable Y axis Shear: Vy_allow_2218

Vny

Ω
6.334 kip⋅=:=
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 Weak (X) Axis - Allowable Shear Capacity  AISC 360-10 Section G5

Distance between flanges: bv b 3 t⋅− 1.652 in⋅=:=

Web buckling coefficient: kv 5:= per G5

Web Shear Coefficient: Cv 1.0
bv

t
1.10

kv Es⋅

Fy

≤if

1.10
kv Es⋅

Fy

⋅

bv

t

1.10
kv Es⋅

Fy

bv

t
< 1.37

kv Es⋅

Fy

≤if

1.51 Es⋅ kv⋅

bv

t









2

Fy⋅

otherwise

:=
(G2-3) 

(G2-4) 

(G2-5)

Cv 1.0=

Shear Area: Aw 2 bv⋅ t⋅ 0.383 in
2⋅=:= per G5

 Nominal & Allowable Shear

Vnx 0.6 Fy⋅ Aw⋅ Cv⋅ 10.578 kip⋅=:= (G2-1) 

Allowable X axis Shear: Vx_allow_2218

Vnx

Ω
6.334 kip⋅=:=

 Allowable Compression Capacity  AISC 360-10 Section E3

Unbraced length for X,Y axis: Lx 2 ft⋅:= Ly 2 ft⋅:=

Column Slenderness ratio: klrx

1.0 Lx⋅

rx

31.537=:= klry

1.0 Ly⋅

ry

31.537=:= klr max klrx klry, ( ) 31.537=:=

Euler Buckling Stress: Fe

π
2

Es⋅

klr
2

287.769 ksi⋅=:= (E3-4) 
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Critical Compression Stress: Fcr 0.658

Fy

Fe
Fy⋅ klr 4.71

Es

Fy

≤if

0.877 Fe⋅ otherwise

:= (E3-2) Fcr 43.023 ksi⋅=

(E3-3) 

Allowable Compression: Pc_allow_2218

Fcr A⋅

Ω
21.64 kip⋅=:=

 Allowable Torsion Capacity  AISC 360-10 Section H3.1

HSS Torsional constant: C 2 b t−( )⋅ h t−( ) t⋅ 4.5 4 π−( ) t
3⋅−:= C 0.817 in

3⋅=

Critical stress:

Fcr 0.6 Fy⋅
hv

t
2.45

Es

Fy

≤if

0.6 Fy⋅ 2.45
Es

Fy









⋅

hv

t

2.45
Es

Fy

hv

t
< 3.07

Es

Fy

≤if

0.458 π
2⋅ Es⋅

hv

t









2
3.07

Es

Fy

hv

t
< 260≤if

:=
(H3-3) 

(H3-4) 

(H3-5)

Fcr 27.6 ksi⋅=

Tn Fcr C⋅ 22.561 kip in⋅⋅=:= (H3-1)
Nominal torsion:

Allowable Torsion: Tallow_2218

Tn

Ω
1.126 kip ft⋅⋅=:=
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 Allowable Capacity Summary for HSS 2x2x1/8

Strong axis bending: Mx_allow_2218 1.341 kip ft⋅⋅=

Mallow_2218 min My_allow_2218 Mx_allow_2218, ( ):=
Weak axis bending My_allow_2218 1.341 kip ft⋅⋅=

Weak axis shear: Vx_allow_2218 6.334 kip⋅=

Vallow_2218 min Vy_allow_2218 Vx_allow_2218, ( ):=
Strong axis shear: Vy_allow_2218 6.334 kip⋅=

Long strut compression: Pc_allow_2218 21.64 kip⋅=

Torsion: Tallow_2218 1.126 kip ft⋅⋅=

 Member Check

Member spacing: space 2 ft⋅:=

Dead load of stage deck: DLdeck 7.5 psf⋅= DL DLdeck space⋅:=

Live load on stage deck: LLdeck 50 psf⋅= LL LLdeck space⋅:=

Total load on stage deck: w DL LL+ 115 plf⋅=:=

Length between supports: L 5.42 ft⋅:=

Overhang each side: a 20.1 in⋅:=

Center of beam: x
L

2
2.71 ft=:=

End reaction from 2218: P
DL LL+( ) 8⋅ ft⋅

2
460 lbf⋅=:=

Bending in tube (refer to RISA model and output below): Mtube 1 kip⋅ ft⋅:=

Shear in tube: Vtube
w L⋅

2
311.65 lbf=:=

Compression in tube: Ctube 265 lbf⋅:= Based on Case #1 in design loads and global stability calc. 265# is the total

load applied to the stage deck, conservative to place entirely on (1) tube.
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 Shear check

Shear utilization: Vratio

Vtube

Vallow_2218

0.049=:=

checkshear "OK" Vratio 1.0≤if

"NG" otherwise

"OK"=:=

 Flexure check

Bending utilization:
Mratio

Mtube

Mallow_2218

0.746=:=

checkbend "OK" Mratio 1.0≤if

"NG" otherwise

"OK"=:=

 Axial check

Axial utilization: A_ratio
Ctube

Pc_allow_2218

0.012=:=

checkaxial "OK" A_ratio 1.0≤if

"NG" otherwise

"OK"=:=

 Combined Axial and Flexure check:

combined
Ctube

Pc_allow_2218

8

9

Mtube

Mallow_2218

+ A_ratio 0.2≥if

Ctube

2 Pc_allow_2218⋅

Mtube

Mallow_2218

+








otherwise

0.752=:=

checkcombined "OK" combined 1.0≤if

"NG" otherwise

"OK"=:=

By inspection, the larger HSS section, HSS2x3x1/8, is OK as well.
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 Trailer frame wide flange check

 Section Properties for W12x14  

Area: A 4.16 in
2⋅:=

Depth: d 11.9 in⋅:=

Web thickness: tw 0.2 in⋅:=

Flange width: bf 3.97 in⋅:=

Flange thickness: tf 0.225 in⋅:=

Fillet: k 0.525 in⋅:=

Distance between fillet: T 10.375 in⋅:=

Effective radius of gyration: rts 0.961 in⋅:=

Distance between flg centroids: ho 11.7 in⋅:=

Moment of inertia: Ix 88.6 in
4⋅:= Iy 2.36 in

4⋅:=

Section modulus: Sx 14.9 in
3⋅:= Sy 1.19 in

3⋅:=

Radius of gyration: rx 4.62 in⋅:= ry 0.753 in⋅:=

Plastic Section modulus: Zx 17.4 in
3⋅:= Zy 1.90 in

3⋅:=

Torsional constant: J 0.0704 in
4⋅:=

Warping constant: Cw 80.4 in
6⋅:=

 Material Properties

Yield Strength (channel): Fy 50ksi:= Factor of Safety: Ω 1.67:=
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 Strong (x) Axis - Allowable Flexural Capacity  AISC 360-10 Section F2

Unbraced length: Lbx 2 ft⋅:=

Limiting unbraced length for limit state of yielding: Lp 1.76 ry⋅
Es

Fy

⋅ 2.66 ft=:= (F2-5) c 1:= (F2-8b) 

Limiting unbraced length for limit state of 
inelastic lateral-torsional buckling: Lr 1.95 rts⋅

Es

0.7 Fy⋅
⋅

J c⋅
Sx ho⋅

⋅ 1 1 6.76
0.7 Fy⋅

Es

Sx ho⋅

J c⋅
⋅









2

⋅++⋅ 7.7 ft=:= (F2-6) 

 Yielding

Mp Fy Zx⋅ 72.5 kip ft⋅⋅=:= (F2-1) 

 Lateral Torsional Buckling Cb 1.0:= per AISC 360-10 F1

When Lp <Lb < Lr: Mn_LTB1 Cb Mp( ) Mp 0.7 Fy⋅ Sx⋅−( )
Lbx Lp−( )
Lr Lp−( )−









⋅ 76.28 kip ft⋅⋅=:= (F2-2) 

When Lb > Lr: Fcr

Cb π
2⋅ Es⋅

Lbx

rts









2
1 0.078

J c⋅
Sx ho⋅

⋅
Lbx

rts









2

⋅+⋅ 463.39 ksi⋅=:= (F2-4) 

Mn_LTB2 Fcr Sx⋅ 575.376 kip ft⋅⋅=:= (F2-3) 

 Nominal & Allowable Moment

Mnx Mp Lbx Lp≤if

min Mn_LTB1 Mp, ( ) Lp Lbx< Lr≤if

min Mn_LTB2 Mp, ( ) otherwise

:=
Mnx 72.5 kip ft⋅⋅=

Allowable Moment about X axis: Mx_allow

Mnx

Ω
43.413 kip ft⋅⋅=:=
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 Weak (y) Axis - Allowable Flexural Capacity  AISC 360-10 Section F6

 Nominal & Allowable Moment

Yielding Mny min Fy Zy⋅ 1.6 Fy⋅ Sy⋅, ( ) 7.917 kip ft⋅⋅=:= (F6-1) 

Flange Local Buckling

b 0.5 bf⋅:=
b/t ratio: b_t

b

tf

8.822=:=

compcheck "Compact" b_t 0.38
Es

Fy

⋅≤if

"Noncompact" 0.38
Es

Fy

⋅ b_t< 1.0
Es

Fy

⋅≤if

"Slender" b_t 1.0
Es

Fy

⋅>if

:=

compcheck "Compact"=

Flange local buckling does not apply.

Allowable Moment about Y axis:
My_allow

Mny

Ω
4.741 kip ft⋅⋅=:=
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 Strong (y) Axis - Allowable Shear Capacity  AISC 360-10 Section G2

Distance between flanges: h T 10.375 in⋅=:=

per G.2.1.b.i
Verify h/tw < 260 for 
unstiffened webs

Web buckling coefficient: kv 5:= if 
h

tw

51.9= < 260

Web Shear Coefficient: Cv 1.0
h

tw

1.10
kv Es⋅

Fy

≤if

1.10
kv Es⋅

Fy

⋅

h

tw

1.10
kv Es⋅

Fy

h

tw

< 1.37
kv Es⋅

Fy

≤if

1.51 Es⋅ kv⋅

h

tw









2

Fy⋅

otherwise

:=
(G2-3) 

(G2-4) 

(G2-5)

Cv 1.0=

Shear Area: Aw d tw⋅ 2.38 in
2⋅=:=

 Nominal & Allowable Shear

Vny 0.6 Fy⋅ Aw⋅ Cv⋅ 71.4 kip⋅=:= (G2-1) 

Allowable Y axis Shear: Vy_allow

Vny

Ω
42.754 kip⋅=:=
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 Weak (x) Axis - Allowable Shear Capacity  AISC 360-10 Section G7

Web buckling coefficient: kv 1.2:= per section G7

Web Shear Coefficient:

Cv 1.0
bf

tw

1.10
kv Es⋅

Fy

≤if

1.10
kv Es⋅

Fy

⋅

bf

tw

1.10
kv Es⋅

Fy

bf

tw

< 1.37
kv Es⋅

Fy

≤if

1.51 Es⋅ kv⋅

bf

tw









2

Fy⋅

otherwise

:= (G2-3) 

(G2-4) 

(G2-5)

Cv 1.0=

Shear Area: Aw 2bf tf⋅ 1.787 in
2⋅=:=

 Nominal & Allowable Shear

Vnx 0.6 Fy⋅ Aw⋅ Cv⋅ 53.595 kip⋅=:= (G2-1) 

Allowable X axis Shear: Vx_allow

Vnx

Ω
32.093 kip⋅=:=

 Allowable Compression Capacity & Compression Stress  AISC 360-10 Section E3

Unbraced length for X,Y axis: Lx 2ft:= Ly 2ft:=

Column Slenderness ratio: klrx

1.0 Lx⋅

rx

5.195=:= klry

1.0 Ly⋅

ry

31.873=:= klr max klrx klry, ( ) 31.873=:=

Euler Buckling Stress: Fe

π
2

Es⋅

klr
2

281.751 ksi⋅=:= (E3-4) Q 1.0:=

Critical Compression Stress: Fcr Q 0.658( )

Q Fy⋅

Fe⋅ Fy⋅ klr 4.71
Es

Fy

≤if

0.877 Fe⋅ otherwise

:= (E3-2) Fcr 46.421 ksi⋅=

(E3-3) 

Fc_allow

Fcr A⋅

Ω
115.635 kip⋅=:=

Allowable Compression:
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 Allowable Capacity Summary for W12x14

Strong axis bending: Mx_allow 43.413 kip ft⋅⋅=

Weak axis bending My_allow 4.741 kip ft⋅⋅=

Weak axis shear: Vx_allow 32.093 kip⋅=

Strong axis shear: Vy_allow 42.754 kip⋅=

Compression: Fc_allow 115.635 kip⋅=

 Member Check

Member spacing: space 5.42 ft⋅:= equivalent spacing based off of one floor 1 loaded

Dead load of stage deck: DLfl_steel 19 psf⋅= DLfl_alum 7 psf⋅=

DLst DLfl_steel
7.67 ft⋅

2
⋅ 72.865 plf⋅=:= DLal DLfl_alum

8.08333 ft⋅
2

⋅
6.42

5.42









⋅ 33.512 plf⋅=:=

DLtot DLst DLal+ 106.377 plf⋅=:=

Live load on stage deck: LLdeck 50 psf⋅=

LLst LLdeck
7.67 ft⋅

2
⋅ 191.75 plf⋅=:= LLal LLdeck

8.08333 ft⋅
2

6.42

5.42









⋅







⋅ 239.368 plf⋅=:=

LLtot LLst LLal+ 431.118 plf⋅=:=

Total load on stage deck: w DLtot LLtot+ 537.495 plf⋅=:=

Length between supports: L 20.42 ft⋅:=

Bending in beam: MW12
w L

2⋅
8

28.015 kip ft⋅⋅=:=

Shear in beam: VW12
w L⋅

2
5487.819 lbf=:=

Based on Case #1 in design loads and global stability

calc. 265# is the total load applied to the stage deck,

conservative to place entirely on (1) beam.
Compression in beam: CW12 265 lbf⋅:=
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 Shear check

Shear utilization: Vratio

VW12

Vy_allow

0.128=:=

checkshear "OK" Vratio 1.0≤if

"NG" otherwise

"OK"=:=

 Flexure check

Bending utilization:
Mratio

MW12

Mx_allow

0.645=:=

checkbend "OK" Mratio 1.0≤if

"NG" otherwise

"OK"=:=

 Axial check

Axial utilization: A_ratio
CW12

Fc_allow

0.002=:=

checkaxial "OK" A_ratio 1.0≤if

"NG" otherwise

"OK"=:=

 Combined Axial and Flexure check:

combined
CW12

Fc_allow

8

9

MW12

Mx_allow

+ A_ratio 0.2≥if

CW12

2 Fc_allow⋅

MW12

Mx_allow

+








otherwise

0.646=:=

checkcombined "OK" combined 1.0≤if

"NG" otherwise

"OK"=:=
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 Perimeter Jacks

The jacks have a rated capacity of 8 kip per the manufacturer.  The extension of the jacks will be checked below.  The jack

extension is HSS21/2x21/2x1/8.  To be conservative, the extension will be assumed to cantilever the full height.

Jack Reaction: Pjack 1.336 kip⋅:=

 Allowable Compression Capacity  AISC 360-10 Section E3

Yield strength of tube: Fy 46 ksi⋅:=

Unbraced length for X,Y axis: L 3 ft⋅:=

Column Slenderness ratio: klr
2.1 L⋅

0.965 in⋅
78.342=:=

Cross sectional area of jack: Ajack 1.07 in
2⋅:=

Euler Buckling Stress: Fe

π
2

Es⋅

klr
2

46.635 ksi⋅=:= (E3-4) 

Critical Compression Stress: Fcr 0.658

Fy

Fe
Fy⋅ klr 4.71

Es

Fy

≤if

0.877 Fe⋅ otherwise

:= (E3-2) Fcr 30.441 ksi⋅=

(E3-3) 

Allowable Compression: Pc_allow

Fcr Ajack⋅

Ω
19.504 kip⋅=:=

Check: check "OK" Pc_allow Pjack≥if

"NG" otherwise

:= check "OK"=
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 Hinge Bolts

Bolted 3/8" Grade 8 Bolt

 Bolt check

Bolt diameter: dbolt
3

8
in⋅:=

Bolt area:
Abolt

π

4
dbolt

2⋅ 0.11 in
2⋅=:=

Tension in (1) bolt: Tbolt 0 0 kip⋅=:= No tension on bolt.

Shear in (1) bolt:
Vbolt

920 lbf⋅
2

460 lbf=:=

Bolt tension capacity: T1_bolt 0.75 150⋅ ksi⋅ Abolt⋅ 12.425 kip⋅=:= T1_bolt_allow

T1_bolt

2.0
6.213 kip⋅=:=

Bolt shear capacity: V1_bolt 0.4 150⋅ ksi⋅ Abolt⋅ 6.627 kip⋅=:= V1_bolt_allow

V1_bolt

2.0
3.313 kip⋅=:=

Bolt check: check "OK" V1_bolt_allow Vbolt≥if

"NO GOOD" otherwise

"OK"=:=

Actual factor of safety: FOS
V1_bolt

Vbolt

14.4=:=
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 Folding Stage Deck RT2x2x1/8

Material is 6061-T6.  Both welded and unwelded properties will be calculated below.

 Section Properties

b 2in:= d 2in:= t 0.125in:= A 0.938in
2:= J 0.824in

4:= wt 1.10plf:=

Ix 0.552in
4:= Iy 0.552in

4:= Sx 0.552in
3:= Sy 0.552in

3:= rx 0.767in:= ry 0.767in:=

 Allowable Bending Capacity

 Bending tension (element in uniform stress), F.8.1.1

Allowable stress: Ft_F.8.1.1 19.5ksi:=

 Bending tension (element in uniform stress), F.8.1.1-WELDED

Allowable stress: Ft_F.8.1.1_w 9.1ksi:= t<3/8" 

 Bending tension (element in flexure), F.8.1.2

Allowable stress: Ft_F.8.1.2 27.6ksi:=

 Bending tension (element in flexure), F.8.1.2-WELDED

Allowable stress: Ft_F.8.1.2_w 11.8ksi:= t<3/8" 

 Bending compression (closed shapes LTB), F.3.1

Unbraced length: Lb 7 ft⋅ 9 in⋅+( ):= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sx⋅

Cb Iy J⋅( )0.5
:= SF.3.1 152.237=

Allowable stress: Fc_F.3.1 23.9 0.238 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 1685≤if

23599

SF.3.1

ksi⋅ 1685 SF.3.1<if

:= Fc_F.3.1 21 ksi⋅=
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 Bending compression (closed shapes LTB), F.3.1-WELDED t<3/8" 

Unbraced length: Lb 93 in⋅= Cb 1=

Slenderness: SF.3.1

2 Lb⋅ Sx⋅

Cb Iy J⋅( )0.5
:= SF.3.1 152.237=

Allowable stress: Fc_F.3.1_w 10.2 0.082 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 6943≤if

23599

SF.3.1

ksi⋅ 6943 SF.3.1<if

:= Fc_F.3.1_w 9.2 ksi⋅=

 Bending uniform compression (flat elements supported on both edges), B.5.4.2

Slenderness: SB.5.4.2
b

t
:= SB.5.4.2 16=

Allowable stress: Fc_B.5.4.2 21.2ksi SB.5.4.2 20.8≤if

27.3 0.291 SB.5.4.2⋅−( ) ksi⋅ 20.8 SB.5.4.2< 33≤if

580

SB.5.4.2

ksi⋅ 33 SB.5.4.2<if

:= Fc_B.5.4.2 21.2 ksi⋅=

 Bending uniform compression (flat elements supported on both edges), B.5.4.2-WELDED t<3/8" 

Slenderness: SB.5.4.2
b

t
:= SB.5.4.2 16=

Allowable stress: Fc_B.5.4.2_w 9.1ksi SB.5.4.2 28.2≤if

12.0 0.105 SB.5.4.2⋅−( ) ksi⋅ 28.2 SB.5.4.2< 56≤if

346

SB.5.4.2

ksi⋅ 56 SB.5.4.2<if

:= Fc_B.5.4.2_w 9.1 ksi⋅=
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 Bending flexural compression (flat elements supported on both edges), B.5.5.1

Slenderness: SB.5.5.1
d

t
:= SB.5.5.1 16=

Allowable stress: Fc_B.5.5.1 27.6ksi SB.5.5.1 49.3≤if

40.5 0.262 SB.5.5.1⋅−( ) ksi⋅ 49.3 SB.5.5.1< 77≤if

1563

SB.5.5.1

ksi⋅ 77 SB.5.5.1<if

:= Fc_B.5.5.1 27.6 ksi⋅=

 Bending flexural compression (flat elements supported on both edges), B.5.5.1-WELDED t<3/8" 

Slenderness: SB.5.5.1
d

t
:= SB.5.5.1 16=

Allowable stress: Fc_B.5.5.1_w 11.8ksi SB.5.5.1 64.2≤if

16.0 0.065 SB.5.5.1⋅−( ) ksi⋅ 64.2 SB.5.5.1< 123≤if

982

SB.5.5.1

ksi⋅ 123 SB.5.5.1<if

:= Fc_B.5.5.1_w 11.8 ksi⋅=

Allowable strong axis bending stress - UNWELDED:

Fbx min Ft_F.8.1.1 Ft_F.8.1.2, Fc_F.3.1, Fc_B.5.4.2, Fc_B.5.5.1, ( ) 19.5 ksi⋅=:=

Allowable strong axis moment -UNWELDED:Max_3218 Sx Fbx⋅:= Max_3218 10.764 kip in⋅⋅=

Allowable strong axis bending stress - WELDED:

Fbx_w min Ft_F.8.1.1_w Ft_F.8.1.2_w, Fc_F.3.1_w, Fc_B.5.4.2_w, Fc_B.5.5.1_w, ( ) 9.1 ksi⋅=:=

Allowable strong axis bending - WELDED: Max_3218_w Sx Fbx_w⋅:= Max_3218_w 5.023 kip in⋅⋅=
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 Vertical shear,  G.2-WELDED t<3/8" 

h over t ratio: SG.2
d

t
:= SG.2 16=

Allowable stress: Fv_G.2_w 5.5 ksi⋅( ) SG.2 47.5≤if

7.3 0.038 SG.2⋅−( ) ksi⋅ 47.5 SG.2< 126≤if

38665

SG.2









ksi⋅ 126 SG.2<if

:= Fv_G.2_w 5.5 ksi⋅=

Allowable shear: Vay_3218_w 2 b 2t−( )⋅ t⋅ Fv_G.2_w⋅:= Vay_3218_w 2.406 kip⋅=

 Member Check

Member spacing: trib 2 ft⋅:=

Dead load of stage deck: DLdeck 7 psf⋅:= DL DLdeck trib⋅:=

Live load on stage deck: LLdeck 50 psf⋅= LL LLdeck trib⋅:=

Total load on stage deck: w DL LL+ 114 plf⋅=:=

Length of tube: L 8 ft⋅ 1 in⋅+( ) b− 7.917 ft=:=

Bending in beam: MRT2
w L

2⋅
8

0.893 kip ft⋅⋅=:=

Shear in beam: VRT2
w L⋅

2
451.25 lbf=:=

Torsion due to mounted bracket assembly

Prea 1.336 kip⋅:= reaction from RISA of total platform load (DL+LL) when platform is opened

ec 3 in⋅:= eccentricity of bracket location attached to tube

Trea Prea ec⋅ 4.008 kip in⋅⋅=:= Torsion on tube from bracket
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 Member Checks 

Moment: Mx_3218 MRT2:= Mx_3218_w 0kip in⋅:= Mx_3218_wT 0kip in⋅:=

Shear: Vy_3218 VRT2:=

Torsion: T Trea:=

Flexure utilization: worst case bending utilization
utlm

Mx_3218

Max_3218









0.996=:=

Shear stresses: fv

Vy_3218

2 t⋅ d⋅
T

2 t⋅ d t−( )⋅ b t−( )⋅
+ 5.463 ksi⋅=:= worst case combined conservative 

Shear utilization: utlv

fv

Fv_G.2_w

0.993=:=

Combined:

utl

Mx_3218

Max_3218

Mx_3218_w

Max_3218_w









2
Vy_3218

2 t⋅ d⋅
0 kip⋅ in⋅

2 t⋅ d t−( )⋅ b t−( )⋅
+









Fv_G.2_w













2

+

Mx_3218_wT

Max_3218_w









2
Vy_3218

2 t⋅ d⋅
T

2 t⋅ d t−( )⋅ b t−( )⋅
+









Fv_G.2_w













2

+





























0.996

0.027

0.986











=:=

max utl( ) 0.996=

check "OK" max utl( ) 1.0≤if

"NG" otherwise

"OK"=:=
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 Stage Deck RT2x2x1/4

Material is 6061-T6.  Both welded and unwelded properties will be calculated below.

 Section Properties

b 2in:= d 2in:= t 0.25in:= A 1.75 in
2⋅:= J 1.34in

4:= wt 2.06plf:=

Ix 0.911in
4:= Iy 0.911in

4:= Sx 0.911in
3:= Sy 0.911in

3:= rx 0.722in:= ry 0.722in:=

 Allowable Bending Capacity

 Bending tension (element in uniform stress), F.8.1.1

Allowable stress: Ft_F.8.1.1 19.5ksi:=

 Bending tension (element in uniform stress), F.8.1.1-WELDED

Allowable stress: Ft_F.8.1.1_w 9.1ksi:= t<3/8" 

 Bending tension (element in flexure), F.8.1.2

Allowable stress: Ft_F.8.1.2 27.6ksi:=

 Bending tension (element in flexure), F.8.1.2-WELDED

Allowable stress: Ft_F.8.1.2_w 11.8ksi:= t<3/8" 

 Bending compression (closed shapes LTB), F.3.1

Unbraced length: Lb 99.25in 8.271 ft=:= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sx⋅

Cb Iy J⋅( )0.5
:= SF.3.1 163.669=

Allowable stress: Fc_F.3.1 23.9 0.238 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 1685≤if

23599

SF.3.1

ksi⋅ 1685 SF.3.1<if

:= Fc_F.3.1 20.9 ksi⋅=
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 Bending compression (closed shapes LTB), F.3.1-WELDED t<3/8" 

Unbraced length: Lb 99.25 in⋅= Cb 1=

Slenderness: SF.3.1

2 Lb⋅ Sx⋅

Cb Iy J⋅( )0.5
:= SF.3.1 163.669=

Allowable stress: Fc_F.3.1_w 10.2 0.082 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 6943≤if

23599

SF.3.1

ksi⋅ 6943 SF.3.1<if

:= Fc_F.3.1_w 9.2 ksi⋅=

 Bending uniform compression (flat elements supported on both edges), B.5.4.2

Slenderness: SB.5.4.2
b

t
:= SB.5.4.2 8=

Allowable stress: Fc_B.5.4.2 21.2ksi SB.5.4.2 20.8≤if

27.3 0.291 SB.5.4.2⋅−( ) ksi⋅ 20.8 SB.5.4.2< 33≤if

580

SB.5.4.2

ksi⋅ 33 SB.5.4.2<if

:= Fc_B.5.4.2 21.2 ksi⋅=

 Bending uniform compression (flat elements supported on both edges), B.5.4.2-WELDED t<3/8" 

Slenderness: SB.5.4.2
b

t
:= SB.5.4.2 8=

Allowable stress: Fc_B.5.4.2_w 9.1ksi SB.5.4.2 28.2≤if

12.0 0.105 SB.5.4.2⋅−( ) ksi⋅ 28.2 SB.5.4.2< 56≤if

346

SB.5.4.2

ksi⋅ 56 SB.5.4.2<if

:= Fc_B.5.4.2_w 9.1 ksi⋅=
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 Bending flexural compression (flat elements supported on both edges), B.5.5.1

Slenderness: SB.5.5.1
d

t
:= SB.5.5.1 8=

Allowable stress: Fc_B.5.5.1 27.6ksi SB.5.5.1 49.3≤if

40.5 0.262 SB.5.5.1⋅−( ) ksi⋅ 49.3 SB.5.5.1< 77≤if

1563

SB.5.5.1

ksi⋅ 77 SB.5.5.1<if

:= Fc_B.5.5.1 27.6 ksi⋅=

 Bending flexural compression (flat elements supported on both edges), B.5.5.1-WELDED

Slenderness: SB.5.5.1
d

t
:= SB.5.5.1 8=

Allowable stress: Fc_B.5.5.1_w 11.8ksi SB.5.5.1 64.2≤if

16.0 0.065 SB.5.5.1⋅−( ) ksi⋅ 64.2 SB.5.5.1< 123≤if

982

SB.5.5.1

ksi⋅ 123 SB.5.5.1<if

:= Fc_B.5.5.1_w 11.8 ksi⋅=

Allowable strong axis bending stress - UNWELDED:

Fbx min Ft_F.8.1.1 Ft_F.8.1.2, Fc_F.3.1, Fc_B.5.4.2, Fc_B.5.5.1, ( ) 19.5 ksi⋅=:=

Allowable strong axis moment -UNWELDED:Max_3214 Sx Fbx⋅:= Max_3214 17.765 kip in⋅⋅=

Allowable strong axis bending stress - WELDED:

Fbx_w min Ft_F.8.1.1_w Ft_F.8.1.2_w, Fc_F.3.1_w, Fc_B.5.4.2_w, Fc_B.5.5.1_w, ( ) 9.1 ksi⋅=:=

Allowable strong axis bending - WELDED: Max_3214_w Sx Fbx_w⋅:= Max_3214_w 8.29 kip in⋅⋅=
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 Vertical shear,  G.2-WELDED

h over t ratio: SG.2
d

t
:= SG.2 8=

Allowable stress: Fv_G.2_w 5.5 ksi⋅( ) SG.2 47.5≤if

7.3 0.038 SG.2⋅−( ) ksi⋅ 47.5 SG.2< 126≤if

38665

SG.2









ksi⋅ 126 SG.2<if

:= Fv_G.2_w 5.5 ksi⋅=

Allowable shear: Vay_3214_w 2 b 2t−( )⋅ t⋅ Fv_G.2_w⋅:= Vay_3214_w 4.125 kip⋅=

 Member Checks 

Moment: Mx_3214_w MRT2:=

Shear: Vy_3214 VRT2:= Vy_3214

2 t⋅ d⋅
0.451 ksi⋅=

Torsion: T Trea:=

Flexure utilization:
utlm

Mx_3214_w

2Max_3214_w

0.646=:=

Shear stresses: fv
900lbf

2 t⋅ d⋅
T

2 t⋅ d t−( )⋅ b t−( )⋅
+ 3.517 ksi⋅=:=

Shear utilization: utlv

fv

Fv_G.2_w

0.64=:=

Combined: utl utlm
2

utlv
2+ 0.827=:=

check "OK" max utl( ) 1.0≤if

"NG" otherwise

"OK"=:=
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 Custom Extrusion Beam

Perimeter frame extrusion is of the size and dimensions shown below.  Aluminum is 6063-T6.    

 Section properties

A 2.34in
2:=

Ix 2.982in
4:= Iy 1.911in

4:=

SxT 1.318in
3:= SyL 1.475in

3:=

SxB 1.716in
3:= SyR 0.867in

3:=

SxT_flat

Ix

1.512in
1.972 in

3⋅=:= at top of flat

rx 1.129in:= ry 0.904in:=

Unbraced length: Lb 8 ft⋅ 1 in⋅+:=

Lb1 6 ft⋅:=

 Allowable Bending Capacity

 Bending tension (element in uniform stress), F.8.1.1

Allowable stress: Ft_F.8.1.1 15.2ksi:=

 Bending tension (element in uniform stress), F.8.1.1-WELDED

Allowable stress: Ft_F.8.1.1_w 4.8ksi:=

 Bending tension (element in flexure), F.8.1.2

Allowable stress: Ft_F.8.1.2 19.7ksi:=

 Bending tension (element in flexure), F.8.1.2-WELDED

Allowable stress: Ft_F.8.1.2_w 6.3ksi:=
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 Bending compression (closed shapes LTB), F.3.1

Unbraced length: Lb 97 in⋅= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sx⋅

Cb Iy J⋅( )0.5
:= SF.3.1 110.443=

Allowable stress: Fc_F.3.1 16.7 0.140 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 2400≤if

23599

SF.3.1

ksi⋅ 2400 SF.3.1<if

:= Fc_F.3.1 15.23 ksi⋅=

 Bending compression (closed shapes LTB), F.3.1-WELDED

Unbraced length: Lb 97 in⋅= Cb 1=

Slenderness: SF.3.1

2 Lb⋅ Sx⋅

Cb Iy J⋅( )0.5
:= SF.3.1 110.443=

Allowable stress: Fc_F.3.1_w 5.3 0.030 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 13413≤if

23599

SF.3.1

ksi⋅ 13413 SF.3.1<if

:= Fc_F.3.1_w 5 ksi⋅=

 Bending uniform compression (flat elements supported on one edge), B.5.4.1 Right tip of flat

Slenderness: SB.5.4.1
1.0in

0.125in
:= SB.5.4.1 8=

Allowable stress: Fc_B.5.4.1 15.2ksi SB.5.4.1 7.3≤if

19.0 0.530 SB.5.4.1⋅−( ) ksi⋅ 7.3 SB.5.4.1< 12.6≤if

155

SB.5.4.1

ksi⋅ 12.6 SB.5.4.1<if

:= Fc_B.5.4.1 14.8 ksi⋅=
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 Bending uniform compression (flat elements supported on one edge), B.5.4.1-WELDED Right tip of flat

Slenderness: SB.5.4.1
1.0in

0.125in
:= SB.5.4.1 8=

Allowable stress: Fc_B.5.4.1_w 4.8ksi SB.5.4.1 10.7≤if

6.1 0.119 SB.5.4.1⋅−( ) ksi⋅ 10.7 SB.5.4.1< 34≤if

2417

SB.5.4.1
2

ksi⋅ 34 SB.5.4.1<if

:= Fc_B.5.4.1_w 4.8 ksi⋅=

 Bending uniform compression (flat elements supported on both edges), B.5.4.2 Flat between verticals

Slenderness: SB.5.4.2
0.75in

0.125in
:= SB.5.4.2 6=

Allowable stress: Fc_B.5.4.2 15.2ksi SB.5.4.2 22.8≤if

19.0 0.170 SB.5.4.2⋅−( ) ksi⋅ 22.8 SB.5.4.2< 39≤if

484

SB.5.4.2

ksi⋅ 39 SB.5.4.2<if

:= Fc_B.5.4.2 15.2 ksi⋅=

 Bending uniform compression (flat elements supported on both edges), B.5.4.2-WELDED Flat between verticals

Slenderness: SB.5.4.2
0.75in

0.125in
:= SB.5.4.2 6=

Allowable stress: Fc_B.5.4.2_w 4.8ksi SB.5.4.2 33.6≤if

6.1 0.038 SB.5.4.2⋅−( ) ksi⋅ 33.6 SB.5.4.2< 81≤if

247

SB.5.4.2

ksi⋅ 81 SB.5.4.2<if

:= Fc_B.5.4.2_w 4.8 ksi⋅=
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 Bending flexural compression (flat elements supported on both edges), B.5.5.1

Slenderness: SB.5.5.1
1.6in

0.125in
:= SB.5.5.1 12.8=

Allowable stress: Fc_B.5.5.1 19.7ksi SB.5.5.1 54.9≤if

27.9 0.150 SB.5.5.1⋅−( ) ksi⋅ 54.9 SB.5.5.1< 93≤if

1298

SB.5.5.1

ksi⋅ 93 SB.5.5.1<if

:= Fc_B.5.5.1 19.7 ksi⋅=

 Bending flexural compression (flat elements supported on both edges), B.5.5.1-WELDED

Slenderness: SB.5.5.1
d

t
:= SB.5.5.1 8=

Allowable stress: Fc_B.5.5.1_w 6.3ksi SB.5.5.1 76.9≤if

8.1 0.023 SB.5.5.1⋅−( ) ksi⋅ 76.9 SB.5.5.1< 173≤if

699

SB.5.5.1

ksi⋅ 173 SB.5.5.1<if

:= Fc_B.5.5.1_w 6.3 ksi⋅=

 Bending flexural compression (flat elements supported on tension edge, compression edge free), B.5.5.2 Top tip

Slenderness: SB.5.5.2
0.75in

0.125in
:= SB.5.5.2 6=

Allowable stress: Fc_B.5.5.2 19.7ksi SB.5.5.2 10.2≤if

27.9 0.810 SB.5.5.2⋅−( ) ksi⋅ 10.2 SB.5.5.2< 23≤if

4932

SB.5.5.2
2

ksi⋅ 23 SB.5.5.2<if

:= Fc_B.5.5.2 19.7 ksi⋅=

 Bending flexural compression (flat elements supported on tension edge, compression edge free), B.5.5.2-WELDED

Top tip
Slenderness: SB.5.5.2

0.75in

0.125in
:= SB.5.5.2 6=

Allowable stress: Fc_B.5.5.2_w 6.3ksi SB.5.5.2 14.3≤if

8.1 0.127 SB.5.5.2⋅−( ) ksi⋅ 14.3 SB.5.5.2< 43≤if

4932

SB.5.5.2
2

ksi⋅ 43 SB.5.5.2<if

:= Fc_B.5.5.2_w 6.3 ksi⋅=
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 Allowable bending stresses

Allowable stress at top: Fb_flex_top min Ft_F.8.1.2 Fc_B.5.5.2, ( ) 19.7 ksi⋅=:=

Allowable stress at flat top: Fb_flex_top_flat min Ft_F.8.1.1 Fc_B.5.4.1, Fc_B.5.4.2, Fc_F.3.1, ( ) 14.76 ksi⋅=:=

Allowable stress at bottom: Fb_flex_bot min Ft_F.8.1.2 Fc_B.5.5.1, Fc_F.3.1, ( ) 15.229 ksi⋅=:=

 Allowable bending stresses-WELDED

Allowable stress at top: Fb_flex_top_w min Ft_F.8.1.2_w Fc_B.5.5.2_w, ( ) 6.3 ksi⋅=:=

Allowable stress at flat top: Fb_flex_top_flat_w min Ft_F.8.1.1_w Fc_B.5.4.1_w, Fc_B.5.4.2_w, Fc_F.3.1_w, ( ) 4.8 ksi⋅=:=

Allowable stress at bottom: Fb_flex_bot_w min Ft_F.8.1.2_w Fc_B.5.5.1_w, Fc_F.3.1_w, ( ) 4.985 ksi⋅=:=

 Allowable Moment

Allowable moment WELDED: Ma_ext min Fb_flex_top SxT⋅ Fb_flex_top_flat SxT_flat⋅, Fb_flex_bot SxB⋅, ( ) 25.965 kip in⋅⋅=:=

Allowable moment: Ma_ext_w min Fb_flex_top_w SxT⋅ Fb_flex_top_flat_w SxT_flat⋅, Fb_flex_bot_w SxB⋅, ( ) 8.303 kip in⋅⋅=:=

Ratio of Flg Area to Weld affected Flg area: Apw_A min
0.197in

2

0.431in
2

0.25in
2

0.5312in
2

, 










0.457=:=

Allowable partially weld affected moment: Ma_ext_pw Ma_ext Apw_A Ma_ext Ma_ext_w−( )⋅− 17.892 kip in⋅⋅=:=
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 Shear Capacity

 Vertical shear,  G.2-WELDED

h over t ratio: SG.2
3in

t
:= SG.2 12=

Allowable stress: Fv_G.2_w 5.5 ksi⋅( ) SG.2 47.5≤if

7.3 0.038 SG.2⋅−( ) ksi⋅ 47.5 SG.2< 126≤if

38665

SG.2









ksi⋅ 126 SG.2<if

:= Fv_G.2_w 5.5 ksi⋅=

Allowable shear: Vay_ext_w 2 b 2t−( )⋅ t⋅ Fv_G.2_w⋅:= Vay_ext_w 4.125 kip⋅=

 Extrusion Beam Check

 Axial compression: Pc_ext 0lbf:=

 Moment: Bending in extrusion beam (Lb=8'-1")

w 114 plf⋅=

MLb

0.5w Lb
2⋅

8
0.466 kip ft⋅⋅=:=

Bending in extrusion beam (Lb1=2'-0")

VRT2 451.25 lbf=

wext_bm VRT2
1

2 ft⋅
⋅:= wext_bm 225.625 plf⋅=

MLb1

wext_bm Lb1
2⋅

8
:= MLb1 1.015 kip ft⋅⋅=

Mx_ext max MLb MLb1, ( ) 1.015 kip ft⋅⋅=:=

 Shear: VRT2 451.25 lbf=

Vy_ext VRT2 451.25 lbf=:=
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Flexure utilization:
utlm

Mx_ext

Ma_ext_pw

0.681=:=

Area enclosed for torsion: Am 0.875in 1.5⋅ in 0.875in 2.375⋅ in+ 2 0.5⋅ in 0.75⋅ in+ 4.141 in
2⋅=:=

Shear stress: fv

Vy_ext

2 t⋅ d⋅
0.451 ksi⋅=:=

Shear utilization: utlv

fv

Fv_G.2_w

0.082=:=

Combine utilization: utl utlm
2

utlv
2+ 0.47=:=

check "OK" utl 1.0≤ utlv 1.0≤∧ utlm 1.0≤∧( )if

"NG" otherwise

"OK"=:=
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 Handrail Check for Wind Loads

The handrail is composed of RT2x2x1/8, in sections that measure 52" x 42". 

 Allowable from above for RT2x2x1/8

Max_3218 10.764 kip in⋅⋅=

Max_3218_w 5.023 kip in⋅⋅=

Vay_3218_w 2.406 kip⋅=

Maximum WL on fiberglass covered handrail, one panel will see the max Case C load

WLhr 2.856 psf⋅:=

WLpanel WLhr 52⋅ in⋅ 42⋅ in⋅ 43.316 lbf=:= WLtotal WLpanel 5⋅ 216.58 lbf=:= along 22' length of handrail

Middle beam sees the highest load

whr
42 in⋅

2
WLhr⋅ 4.998 plf⋅=:=

Mm_hr

whr 52 in⋅( )
2⋅

8
0.141 kip in⋅⋅=:=

whr 52⋅ in⋅

2
10.829 lbf=

Mc_m_hr

whr 52⋅ in⋅

2
42⋅ in⋅

4
0.114 kip in⋅⋅=:=

RT2x2x1/8 frame OK for bending and shear
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 Torsional capacity of RT2x2x1/8 

 Rectangular Tubes Subject to Torsion - H.2.2 (and G.2)

Tube torsional constant: CRT 2 2 in⋅ 0.125 in⋅−( )⋅ 2 in⋅ 0.125 in⋅−( ) 0.125⋅ in⋅:= CRT 0.879 in
3⋅=

 Unwelded

Slenderness: SG.2
2in

0.125in
:= SG.2 16=

Allowable stress: FG.2 12.7ksi SG.2 35.3≤if

16.5 0.107 SG.2⋅−( ) ksi⋅ 35.3 SG.2< 63≤if

38665

SG.2
2

ksi⋅ 39 SG.2<if

:= FG.2 12.7 ksi⋅=

Unwelded

 Welded

Slenderness: SG.2_w
2in

0.125in
:= SG.2_w 16=

Allowable stress: FG.2_w 5.5ksi SG.2_w 47.5≤if

7.3 0.038 SG.2_w⋅−( ) ksi⋅ 47.5 SG.2_w< 126≤if

38665

SG.2_w
2

ksi⋅ 126 SG.2_w<if

:= FG.2_w 5.5 ksi⋅=

Torsion capacity TRT FG.2 CRT⋅ 11.162 kip in⋅⋅=:= Unwelded

TRT_w FG.2_w CRT⋅ 4.834 kip in⋅⋅=:= Welded

ecc 42 in⋅:= in RT2x2x1/8, HSS2x2x1/8, HSS2x2x1/4, 42 in. is the height of a handrail panel

Tbm WLpanel ecc⋅:= Tbm 1.819 kip in⋅⋅= Torsion due to mounted handrail

check "OK"
Tbm

min TRT TRT_w, ( ) 1.0≤if

"NG" otherwise

"OK"=:=
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Attaching beam (HSS2x2x1/8) sees torsion from the total load applied on the handrail.  It is attached to a HSS2x2x1/4. 

 Properties of HSS2x2x1/8

Fy2x2 46 ksi⋅:= Fu2x2 58 ksi⋅:=
h2x2 2 in⋅:= C2x2 0.817 in

3⋅:=

t2x2 0.125 in⋅:= J2x2 0.796 in
3⋅:=

 Allowable Torsional Strength Tallow_2218 13.51 kip in⋅⋅=

 Allowable Torsion Capacity  AISC 360-10 Section H3.1

HSS Torsional constant: C 2 2 in⋅ 0.25 in⋅−( )⋅ 2 in⋅ 0.25 in⋅−( ) 0.25⋅ in⋅ 4.5 4 π−( ) 0.25 in⋅( )
3⋅−:= C 1.471 in

3⋅=

Critical stress:

Fcr 0.6 Fy⋅
hv

t
2.45

Es

Fy

≤if

0.6 Fy⋅ 2.45
Es

Fy









⋅

hv

t

2.45
Es

Fy

hv

t
< 3.07

Es

Fy

≤if

0.458 π
2⋅ Es⋅

hv

t









2
3.07

Es

Fy

hv

t
< 260≤if

:=
(H3-3) 

(H3-4) 

(H3-5)

Fcr 27.6 ksi⋅=

Tn Fcr C⋅ 40.597 kip in⋅⋅=:= (H3-1)
Nominal torsion:

Allowable Torsion: Tallow_2214

Tn

Ω
24.309 kip in⋅⋅=:=

Tbm

min Tallow_2218 Tallow_2214, ( ) 0.135=
OK for torsion
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 Through bolting HSS

number of fasteners n 1:=

Shear strength Rn_v_b

1.8 n⋅ Fy2x2⋅ dbolt⋅ t2x2⋅

2.0
1.941 kip⋅=:=

Tension pullout Rn_t_b

0.85 dbolt⋅ t2x2⋅ Fu2x2⋅

3.0
0.77 kip⋅=:=
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 Mast Support Beam Mast support beams are C6x8.2

 Section Properties for  C6x8.2 

Area: A 2.39 in
2⋅:=

Depth: d 6 in⋅:=

Web thickness: tw 0.2 in⋅:=

Flange width: bf 1.92 in⋅:=

Flange thickness: tf 0.343 in⋅:=

Fillet: k 0.8125 in⋅:=

Distance between fillet: T 4.375 in⋅:=

Effective radius of gyration: rts 0.643 in⋅:=

Distance between flg centroids: ho 5.66 in⋅:=

Shear center: eo 0.599 in⋅:=

Moment of inertia: Ix 13.1 in
4⋅:= Iy 0.687 in

4⋅:=

Section modulus: Sx 4.35 in
3⋅:= Sy 0.488 in

3⋅:=

Radius of gyration: rx 2.34 in⋅:= ry 0.536 in⋅:=

Plastic Section modulus: Zx 5.16 in
3⋅:= Zy 0.987 in

3⋅:=

Torsional constant: J 0.1736 in
4⋅:=

Warping constant: Cw 4.7 in
6⋅:=

Polar radius of gyration:
(about shear center)

ro 2.65 in⋅:=

Distance to centroid:
(from web)

xbar 0.512 in⋅:=

Flexural Constant: H 0.824:=
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 Material Properties

Yield Strength (channel): Fy 36ksi:= Factor of Safety: Ω 1.67:=

 Strong (x) Axis - Allowable Flexural Capacity  AISC 360-10 Section F2

Unbraced length: Lbx 5 ft⋅:=

Limiting unbraced length for limit state of yielding: Lp 1.76 ry⋅
Es

Fy

⋅ 2.23 ft=:= (F2-5) c
ho

2

Iy

Cw

⋅:= (F2-8b) 

Limiting unbraced length for limit state of 
inelastic lateral-torsional buckling: Lr 1.95 rts⋅

Es

0.7 Fy⋅
⋅

J c⋅
Sx ho⋅

⋅ 1 1 6.76
0.7 Fy⋅

Es

Sx ho⋅

J c⋅
⋅









2

⋅++⋅ 15 ft=:= (F2-6) 

 Yielding

Mp Fy Zx⋅ 15.48 kip ft⋅⋅=:= (F2-1) 

 Lateral Torsional Buckling Cb 1.0:= per AISC 360-10 F1

When Lp <Lb < Lr: Mn_LTB1 Cb Mp( ) Mp 0.7 Fy⋅ Sx⋅−( )
Lbx Lp−( )
Lr Lp−( )−









⋅ 14.105 kip ft⋅⋅=:= (F2-2) 

When Lb > Lr: Fcr

Cb π
2⋅ Es⋅

Lbx

rts









2
1 0.078

J c⋅
Sx ho⋅

⋅
Lbx

rts









2

⋅+⋅ 81.725 ksi⋅=:= (F2-4) 

Mn_LTB2 Fcr Sx⋅ 29.625 kip ft⋅⋅=:= (F2-3) 

 Nominal & Allowable Moment

Mnx Mp Lbx Lp≤if

min Mn_LTB1 Mp, ( ) Lp Lbx< Lr≤if

min Mn_LTB2 Mp, ( ) otherwise

:=
Mnx 14.105 kip ft⋅⋅=

Allowable Moment about X axis: Mx_allow

Mnx

Ω
8.446 kip ft⋅⋅=:=
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 Weak (y) Axis - Allowable Flexural Capacity  AISC 360-10 Section F6

All channel sections are compact, Flange Local Buckling does not apply.

 Nominal & Allowable Moment

Mny min Fy Zy⋅ 1.6 Fy⋅ Sy⋅, ( ) 2.342 kip ft⋅⋅=:= (F6-1) 

Allowable Moment about Y axis: My_allow

Mny

Ω
1.403 kip ft⋅⋅=:=

 Strong (y) Axis - Allowable Shear Capacity  AISC 360-10 Section G2

Distance between flanges: h T 4.375 in⋅=:=

per G.2.1.b.i
Verify h/tw < 260 for 
unstiffened webs

Web buckling coefficient: kv 5:= if 
h

tw

21.9= < 260

Web Shear Coefficient: Cv 1.0
h

tw

1.10
kv Es⋅

Fy

≤if

1.10
kv Es⋅

Fy

⋅

h

tw

1.10
kv Es⋅

Fy

h

tw

< 1.37
kv Es⋅

Fy

≤if

1.51 Es⋅ kv⋅

h

tw









2

Fy⋅

otherwise

:=
(G2-3) 

(G2-4) 

(G2-5)

Cv 1.0=

Shear Area: Aw d tw⋅ 1.2 in
2⋅=:=

 Nominal & Allowable Shear

Vny 0.6 Fy⋅ Aw⋅ Cv⋅ 25.92 kip⋅=:= (G2-1) 

Allowable Y axis Shear: Vy_allow

Vny

Ω
15.521 kip⋅=:=
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 Weak (x) Axis - Allowable Shear Capacity  AISC 360-10 Section G7

Web buckling coefficient: kv 1.2:= per section G7

Web Shear Coefficient:

Cv 1.0
bf

tw

1.10
kv Es⋅

Fy

≤if

1.10
kv Es⋅

Fy

⋅

bf

tw

1.10
kv Es⋅

Fy

bf

tw

< 1.37
kv Es⋅

Fy

≤if

1.51 Es⋅ kv⋅

bf

tw









2

Fy⋅

otherwise

:= (G2-3) 

(G2-4) 

(G2-5)

Cv 1.0=

Shear Area: Aw 2bf tf⋅ 1.317 in
2⋅=:=

 Nominal & Allowable Shear

Vnx 0.6 Fy⋅ Aw⋅ Cv⋅ 28.45 kip⋅=:= (G2-1) 

Allowable X axis Shear: Vx_allow

Vnx

Ω
17.036 kip⋅=:=

 Allowable Compression Capacity & Compression Stress  AISC 360-10 Section E3

Unbraced length for X,Y axis: Lx 5ft:= Ly 5ft:=

Column Slenderness ratio: klrx

1.0 Lx⋅

rx

25.641=:= klry

1.0 Ly⋅

ry

111.94=:= klr max klrx klry, ( ) 111.94=:=

Euler Buckling Stress: Fe

π
2

Es⋅

klr
2

22.842 ksi⋅=:= (E3-4) 

Critical Compression Stress: Fcr 0.658

Fy

Fe
Fy⋅ klr 4.71

Es

Fy

≤if

0.877 Fe⋅ otherwise

:= (E3-2) Fcr 18.613 ksi⋅=

(E3-3) 
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Fc_allow

Fcr A⋅

Ω
26.638 kip⋅=:=

Allowable Compression:

 Allowable Capacity Summary for C6x8.2

Strong axis bending: Mx_allow 8.446 kip ft⋅⋅=

Weak axis bending My_allow 1.403 kip ft⋅⋅=

Weak axis shear: Vx_allow 17.036 kip⋅=

Strong axis shear: Vy_allow 15.521 kip⋅=

Compression: Fc_allow 26.638 kip⋅=

 Member Check

The loads from the mast tubes will be applied to the channel, as they both sit in the span.

Mast column loads Rmast1 1.4 kip⋅:= Rmast2 975 lbf⋅:= from RISA 

Both column loads are eccentric to the ends of the channel span

eccmast1 6 in⋅:= eccmast2 11 in⋅:=

Lch Lbx 5 ft=:=

Maximum shear Vch 7.3 kip⋅:= from RISA

Maximum moment Mch 5.6 kip⋅ ft⋅:= from RISA

Maximum axial Cch 265 lbf⋅:= Based on Case #1 in design loads and global stability

calc. 265# is the total load applied to the stage deck,

conservative to place entirely on (1) channel.
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 Shear check

Shear utilization: Vratio

Vch

Vy_allow

0.47=:=

checkshear "OK" Vratio 1.0≤if

"NG" otherwise

"OK"=:=

 Flexure check

Bending utilization:
Mratio

Mch

Mx_allow

0.663=:=

checkbend "OK" Mratio 1.0≤if

"NG" otherwise

"OK"=:=

 Axial check

Axial utilization: A_ratio
Cch

Fc_allow

0.01=:=

checkaxial "OK" A_ratio 1.0≤if

"NG" otherwise

"OK"=:=

 Combined Axial and Flexure check:

combined
Cch

Fc_allow

8

9

Mch

Mx_allow

+ A_ratio 0.2≥if

Cch

2 Fc_allow⋅

Mch

Mx_allow

+








otherwise

0.668=:=

checkcombined "OK" combined 1.0≤if

"NG" otherwise

"OK"=:=
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 Hinges

 Hinge Bolts

Bolted 1" Grade 5 Bolt

 Bolt check

Tension in (1) bolt: Tbolt 0 0 kip⋅=:= No tension on bolt.

Total platform floor load that "folds down" Flooralum DLfl_alum LLdeck+( ) 8.08333 ft⋅
2

⋅ 4⋅ ft⋅ 921.5 lbf⋅=:=

Shear load in each hinge Vhinge Flooralum 921.5 lbf=:=

Shear in (1) bolt: Vbolt Vhinge 921.5 lbf=:=

Bolt tension capacity: T1_bolt 0.75 120⋅ ksi 0.79⋅ in
2

71.1 kip⋅=:= T1_bolt_allow

T1_bolt

2.0
35.55 kip⋅=:=

Bolt shear capacity: V1_bolt 0.4 120⋅ ksi 0.79⋅ in
2

37.92 kip⋅=:= V1_bolt_allow

V1_bolt

2.0
18.96 kip⋅=:=

Bolt check: check "OK" V1_bolt_allow Vbolt≥if

"NO GOOD" otherwise

"OK"=:=

Actual factor of safety: FOS
V1_bolt

Vbolt

41.2=:=
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 Bolt bending check

The bending check will be done using the tensile capacity of the bolt according to Chapter J.  This is conservative

Moment in bolt: Mbolt Vbolt 2⋅ in 1.843 kip in⋅⋅=:=

Nominal bolt bending capacity: M1_bolt
1in( )

3

6
0.75 120⋅ ksi( )⋅ 1250 lbf ft⋅⋅=:=

Allowable bolt bending capacity: M1_bolt_allow

M1_bolt

2.0
625 lbf ft⋅⋅=:=

Bolt check: check "OK" M1_bolt_allow Mbolt≥if

"NO GOOD" otherwise

"OK"=:=

Actual factor of safety: FOS
M1_bolt

Mbolt

8.1=:=

 Hinge Plate bending check

Moment in bolt: Mhinge 1.75in Vbolt⋅ 1.613 kip in⋅⋅=:=

Allowable bending capacity: Mhinge_allow
0.375in 3in( )

2⋅
6

11.8⋅ ksi 6.637 kip in⋅⋅=:=

Nominal bending capacity: Mn_hinge Mhinge_allow 1.65⋅ 10.952 kip in⋅⋅=:=

Bolt check: check "OK" Mhinge_allow Mhinge≥if

"NO GOOD" otherwise

"OK"=:=

Actual factor of safety: FOS
Mn_hinge

Mhinge

6.8=:=
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 3/16" Fillet weld allowable capacities

Per J.2.2.2 stress on a fillet weld shall be considered to be shear for any direction of applied load. 

Filler shear ultimate (4043): Fsuf 11.5ksi:=

Base metal shear ultimate welded (6063-T5): Fsuw 11ksi:= conservative 

Base metal tensile ultimate welded (6063-T5): Ftuw 17ksi:= conservative 

Safety factor: nu 1.95:=

Size of weld: Sw
3

16
in:=

Effective throat of fillet weld: throat
Sw

2
0.133 in⋅=:=

Weld nominal shear capacity: Fsw min Fsuf throat⋅ Fsuw Sw⋅, Ftuw Sw⋅, ( ) 1.525
kip

in
⋅=:=

Allowable shear force in fillet weld: weld316

Fsw

nu

:= weld316 0.782
kip

in
⋅=

Weld section modulus: S
3in( )

2

3
3

in
3

in
⋅=:=

Demand on weld: weld
Mhinge

S

Vbolt

2 3⋅ in
+ 0.691

kip

in
⋅=:=

Weld utilization: utlweld
weld

weld316

:= utlweld 0.884=

Check: checkweld "OK" utlweld 1.0≤if

"NO GOOD" otherwise

:= checkweld "OK"=
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 16x20 Mobile Stage - Roof

 Location: Various

 Codes and Referenced Standards

2012 International Building Code•
Aluminum Design Manual, 2010 ed.•
American Institute of Steel Construction, Steel Construction Manual 14th Edition•
American Society of Civil Engineers 7-10 (ASCE 7-10) "Minimum Design Loads for Buildings and Other Structures"•
American Society of Civil Engineers 37-02 (ASC 37-02) "Design Loads on Structures During Construction"•
ANSI E 1.21-2006 "Temporary Ground-Supported Overhead Structures Used To Cover Stage Areas and Support•
Equipment in the Production of Outdoor Entertainment Events"

 Project Description

The 16x20 mobile roof is a trailer that converts into a stage deck and roof.  The trailer is constructed out of Steel wide flange
members and the deck is constructed out of steel tube with plywood overlay.  The sunshade is constructed out of aluminum
extruded beams and tubes.  The roof acts as a sunshade only except for Beam #1, Beam #3, and Speaker wing beam will
have a rated capacity.   

The lateral stability of the system is created using flexible moment frames.  

 Analysis Assumptions/Design Criteria

Flexible Moment frames provides lateral force resisting systems of the roofs.•
RISA-3D will be used to determine the demand and the utilization of the moment frames.  Subsequently, the allowable•
rigging loads on Beams #1, #3 & #4 will be determined.
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 Mobile Roof Beam #1&2 with Holes

 Roof Beam #1-1 - NO HOLES

 Section properties

Area:
A 6.922in

2:=

Moment of inertia: Ix 87.393in
4:= Iy 0.990in

4:=

Strong axis section mod: Sxbot 11.472in
3:= Sxtop 21.177in

3:=

Weak axis section mod: Sy 0.99in
3:=

Radius of gyration: rx 3.553in:= ry 0.378in:=

Torsional constant: J 2.383in
4:=

 6061-T6 Mechanical Properties

 Unwelded  Welded  Welded > 3/8

Tension Yield Stress: Fty 35ksi:= Ftyw 15ksi:= Ftyw38 11ksi:=

Ultimate Tensile Stress: Ftu 38ksi:= Ftuw 24ksi:=

Compression Yield Stress: Fcy 35ksi:= Fcyw 15ksi:= Fcyw38 11ksi:=

Ultimate shear stress: Fsu 24ksi:= Fsuw 15ksi:=

Tension coefficient: kt 1.0:=
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 Unbraced Length for Beam #1-1 for negative bending

The continuous 2x2x1/8 aluminum tube that is welded to the top flange beam #1 will be checked to determine if it is an

acceptable LTB torsional nodal brace.   The bracing requirements of the 2010 Aluminum Design Manual, Appendix 6 will be

used.

Required strength: Mr 4.2kip ft⋅:= MAX ALLOWABLE FOR NEGATIVE BENDING

Beam span: L 20 ft⋅ 4 in⋅+( ):= Number of braces along span: n 9:=

Max unbraced length: Lb 2 ft⋅:=

Beam weak axis MOI: Iy 0.99 in
4⋅=

FLG centroid distance: ho 11.75in 0.5 2.25in 2in+( )⋅− 9.625 in⋅=:=

Beam web thickness: tw 0.375in:=

Brace MOI: Ib 0.552in
4:= for RT2x2x1/8

Brace section modulus: Sb 0.552in
3:= for RT2x2x1/8

Brace length: Lbr 5.083ft:=

Required bracing moment: Mbr

0.024 Mr⋅ L⋅

n 1.0⋅ Lb⋅
1.366 kip in⋅⋅=:=

βT 3.0
2.4 L⋅ Mr

2⋅

n Ea⋅ Iy⋅ 1.0
2











⋅ 49.589 kip in⋅⋅=:=

βsec

3.3 Ea⋅

ho

1.5 ho⋅ tw
3⋅

12









219.705 kip in⋅⋅=:=

Required bracing stiffness: βTb

βT

1
βT

βsec

−

64.044 kip in⋅⋅=:= The required brace stiffness units are kip-in/rad

Since the torsional brace is attached to the tension flange, the brace stiffness is 2EI/L.   

The brace stiffness and strength

are adequate to provide a

torsional brace.  A Lb of 24 in will

be used for beam #1 below as

long as the negative moment is

less than 4.2 kip-ft.

Brace stiffness: Mbrace_stiff

2 Ea⋅ Ib⋅

Lbr

182.805 kip in⋅⋅=:= > βTb 64.044 kip in⋅⋅=

Brace strength: Mbrace 9.1ksi Sb⋅ 5.023 kip in⋅⋅=:= > Mbr 1.366 kip in⋅⋅=
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 Allowable Bending Capacity

 Bending tension on top (element in uniform stress), F.8.1.1 6063-T5 
Allowable stress: Ft_F.8.1.1_top 9.7ksi:=

 Bending tension on top (element in uniform stress), F.8.1.1-WELDED

6063-T5 
Allowable stress: Ft_F.8.1.1_top_w 4.8ksi:= Ft_F.8.1.1_top_w 4.8 ksi⋅=

 Bending tension on bottom (flexure in round tube), F.8.1.1 6061-T6 
Allowable stress: Ft_F.8.1.1_bot 19.5ksi:=

 Bending tension on bottom (flexure in round tube), F.8.1.1-WELDED 6061-T6 
Allowable stress: Ft_F.8.1.1_bot_w 9.1ksi:= t<3/8" 

 Bending tension in bottom (element in uniform stress), F.8.1.1-PARTIALLY WELD AFFECTED

 Tension Yielding

Fty_pipe Fty 1
0.337

0.736
−








⋅ Ftyw
0.337

0.736
⋅+ 25.842 ksi⋅=:=

Fty_pipe

1.65
15.662 ksi⋅=

 Tension Rupture

Ftu_pipe

Ftu

kt

1
0.337

0.736
−








⋅ Ftuw
0.337

0.736
⋅+ 31.59 ksi⋅=:=

Ftu_pipe

1.95
16.2 ksi⋅=

Allowable stress: Ft_F.8.1.1_bot_pw min
Ftu_pipe

1.95

Fty_pipe

1.65
, 









15.662 ksi⋅=:=
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 Bending compression on top (open shapes LTB), F.2.1

6063-T5 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.2.1

Lb

ry Cb
0.5⋅

:= SF.2.1 63.492=

Allowable stress: Fc_F.2.1_top 10.5 0.036 SF.2.1⋅−( ) ksi⋅ SF.2.1 119≤if

86996

SF.2.1
2

ksi⋅ 119 SF.2.1<if

:= Fc_F.2.1_top 8.2 ksi⋅=

 Bending compression on top (open shapes LTB), F.2.1-WELDED

6063-T5 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.2.1

Lb

ry Cb
0.5⋅

:= SF.2.1 63.492=

Allowable stress: Fc_F.2.1_top_w 5.3 0.016 SF.2.1⋅−( ) ksi⋅ SF.2.1 222≤if

86996

SF.2.1
2

ksi⋅ 222 SF.2.1<if

:= Fc_F.2.1_top_w 4.3 ksi⋅=

 Bending compression on bottom (closed shapes LTB), F.3.1

6061-T6 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sxbot⋅

Cb Iy J⋅( )0.5
:= SF.3.1 358.51=

Allowable stress: Fc_F.3.1_bot 23.9 0.238 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 1685≤if

23599

SF.3.1

ksi⋅ 1685 SF.3.1<if

:= Fc_F.3.1_bot 19.4 ksi⋅=
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 Bending compression on bottom (closed shapes LTB), F.3.1-WELDED

6061-T6 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sxbot⋅

Cb Iy J⋅( )0.5
:= SF.3.1 358.51=

Allowable stress: Fc_F.3.1_bot_w 10.2 0.085 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 6943≤if

23599

SF.3.1

ksi⋅ 6943 SF.3.1<if

:= t<3/8" Fc_F.3.1_bot_w 8.6 ksi⋅=

 Bending compression on bottom (closed shape LTB), F.3.1-PARTIALLY WELD AFFECTED t>3/8" 

Allowable stress: Fc_F.3.1_bot_pw Fc_F.3.1_bot 1
0.337

0.736
−








⋅ Fc_F.3.1_bot_w
0.337

0.736
⋅+








14.447 ksi⋅=:=

Fc_F.3.1_bot_pw 14.447 ksi⋅=

 Positive Bending

Allowable stress on top for positive bending: Fbc_top Fc_F.2.1_top_w 4.284 ksi⋅=:=

Allowable stress on bot for positive bending: Fbt_bot Ft_F.8.1.1_bot_pw 15.662 ksi⋅=:=

Allowable positive bending moment: Ma_pos_11 min Fbc_top Sxtop⋅ Fbt_bot Sxbot⋅, ( ) 7.56 kip ft⋅⋅=:=

 Negative Bending

Allowable stress on top for negative bending: Fbt_top Ft_F.8.1.1_top_w 4.8 ksi⋅=:=

Allowable stress on bot for negative bending: Fbc_bot Fc_F.3.1_bot_pw 14.447 ksi⋅=:=

Allowable negative bending moment: Ma_neg_11 min Fbt_top Sxtop⋅ Fbc_bot Sxbot⋅, Mr, ( ) 4.2 kip ft⋅⋅=:=

Negative bending limited to 4.2 kip-ft because of bracing requirements
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 Vertical shear,  G.2-WELDED

h over t ratio: SG.2
7.5in

0.375in
:= SG.2 20=

Allowable stress: Fv_G.2_w 2.9 ksi⋅( ) SG.2 56.7≤if

3.7 0.14 SG.2⋅−( ) ksi⋅ 56.7 SG.2< 177≤if

38665

SG.2
2









ksi⋅ 177 SG.2<if

:= Fv_G.2_w 2.9 ksi⋅=

Allowable shear: Va_11 7.5in 0.375⋅ in Fv_G.2_w⋅:= Va_11 8.156 kip⋅=

 Allowable Compression

 Axial compression (member buckling),  E.3 6063-T5 

Unbraced length: Lbx 20.333ft:= Lby 24in:=

Slenderness: SE.3 max
1.0 Lbx⋅

rx

1.0 Lby⋅

ry

, 








:= SE.3 68.673=

Allowable stress: Fc_E.3 8.9 0.037 SE.3⋅−( ) ksi⋅ 0 SE.3< 99≤if

51352

SE.3
2

ksi⋅ 99 SE.3<if

:= Fc_E.3 6.4 ksi⋅=

 Axial compression (member buckling), E.3-WELDED 6063-T5 

Unbraced length: Lbx 243.996 in⋅= Lby 24 in⋅=

Slenderness: SE.3 max
1.0 Lbx⋅

rx

1.0 Lby⋅

ry

, 








:= SE.3 68.673=

Allowable stress: Fc_E.3_w 4.5 0.016 SE.3⋅−( ) ksi⋅ 0 SE.3< 185≤if

51352

SE.3
2

ksi⋅ 185 SE.3<if

:= Fc_E.3_w 3.4 ksi⋅=
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 Uniform compression (flat elements supported on both edges), B.5.4.2 6063-T5 

Slenderness: SB.5.4.2
7.5in

0.375in
:= SB.5.4.2 20=

Allowable stress: Fc_B.5.4.2 9.7ksi SB.5.4.2 25.6≤if

11.8 0.083 SB.5.4.2⋅−( ) ksi⋅ 25.6 SB.5.4.2< 50≤if

382

SB.5.4.2

ksi⋅ 50 SB.5.4.2<if

:= Fc_B.5.4.2 9.7 ksi⋅=

 Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6063-T5 

Slenderness: SB.5.4.2
7.5in

0.375in
:= SB.5.4.2 20=

Allowable stress: Fc_B.5.4.2_w 4.8ksi SB.5.4.2 33.6≤if

6.1 0.038 SB.5.4.2⋅−( ) ksi⋅ 33.6 SB.5.4.2< 81≤if

247

SB.5.4.2

ksi⋅ 81 SB.5.4.2<if

:= Fc_B.5.4.2_w 4.8 ksi⋅=

 Uniform compression (curved elements supported on both edges), B.5.4.5 6061-T6 

Slenderness: SB.5.4.5
2in 0.125in−

2 0.125⋅ in
:= SB.5.4.5 7.5=

Allowable stress: Fc_B.5.4.5 21.2ksi SB.5.4.5 27.6≤if

26.2 0.944 SB.5.4.5
0.5⋅−



 ksi⋅ 27.6 SB.5.4.5< 141≤if

3776

SB.5.4.5 1
SB.5.4.5

0.5

35
+









2

⋅

ksi⋅ 141 SB.5.4.5<if

:= Fc_B.5.4.5 21.2 ksi⋅=

Project:16x20 Mobile Stage
CRE Project #: 13.533.01

8 of 77 Engineer: SSH/AJG
2/12/2014

CRE 77 of 150
02/12/14



Clark-Reder Engineering, Inc
4828 Business Center Way
Cincinnati, OH 45246

Phone (513) 851-1223
Fax (513) 297-0934
www.clarkreder.com

 Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6061-T6 

Slenderness: SB.5.4.5
2in 0.125in−

2 0.125⋅ in
:= SB.5.4.5 7.5=

Allowable stress: Fc_B.5.4.5_w 9.1ksi SB.5.4.5 46.4≤if

11.8 0.396 SB.5.4.5
0.5⋅−



 ksi⋅ 46.4 SB.5.4.5< 390≤if

3776

SB.5.4.5 1
SB.5.4.5

0.5

35
+









2

⋅

ksi⋅ 390 SB.5.4.5<if

:= Fc_B.5.4.5_w 9.1 ksi⋅=

Allowable compression stress: Fc min Fc_E.3_w Fc_B.5.4.2_w, Fc_B.5.4.5_w, ( ) 3.401 ksi⋅=:=

Allowable compression: Pc_11 A Fc⋅:= Pc_11 23.543 kip⋅=
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 Roof Beam #1-2 Holes @ Castellated Cutouts

 Section properties

Area:
A 5.61in

2:=

Moment of inertia: Ix 61.84in
4:= Iy 0.974in

4:=

Strong axis section mod: Sxbot 7.251in
3:= Sxtop 19.193in

3:=

Weak axis section mod: Sy 0.974in
3:=

Radius of gyration: rx 3.32in:= ry 0.417in:=

Torsional constant: J 0.65in
4:=

 6061-T6 Mechanical Properties

 Unwelded  Welded  Welded > 3/8

Tension Yield Stress: Fty 35ksi:= Ftyw 15ksi:= Ftyw38 11ksi:=

Ultimate Tensile Stress: Ftu 38ksi:= Ftuw 24ksi:=

Compression Yield Stress: Fcy 35ksi:= Fcyw 15ksi:= Fcyw38 11ksi:=

Ultimate shear stress: Fsu 24ksi:= Fsuw 15ksi:=

Tension coefficient: kt 1.0:=
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 Unbraced Length for Beam #1-2 for negative bending

The continuous 2x2x1/8 aluminum tube that is welded to the top flange beam #1 will be checked to determine if it is an

acceptable LTB torsional nodal brace.   The bracing requirements of the 2010 Aluminum Design Manual Appendix 6 will be

used.

Required strength: Mr 3.5kip ft⋅:= MAX ALLOWABLE FOR NEGATIVE BENDING

Beam span: L 20.333 ft= Number of braces along span: n 9=

Max unbraced length: Lb 2 ft=

Beam weak axis MOI: Iy 0.974 in
4⋅=

FLG centroid distance: ho 11.75in 0.5 2.25in 2in+( )⋅− 9.625 in⋅=:=

Beam web thickness: tw 0.375in:=

For RT2x2x1/8
Brace MOI: Ib 0.552in

4:=

Brace section modulus: Sb 0.552in
3:= For RT2x2x1/8

Brace length: Lbr 5.083 ft=

Required bracing moment: Mbr

0.024 Mr⋅ L⋅

n 1.0⋅ Lb⋅
1.139 kip in⋅⋅=:=

βT 3.0
2.4 L⋅ Mr

2⋅

n Ea⋅ Iy⋅ 1.0
2











⋅ 35.002 kip in⋅⋅=:=

βsec

3.3 Ea⋅

ho

3

15

1.5 ho⋅ tw
3⋅

12
⋅









43.941 kip in⋅⋅=:=

Required bracing stiffness: βTb

βT

1
βT

βsec

−

172.069 kip in⋅⋅=:= The required brace stiffness units are kip-in/rad

Since the torsional brace is attached to the tension flange, the brace stiffness is 2EI/L.   

Brace stiffness: Mbrace_stiff

2 Ea⋅ Ib⋅

Lbr

182.805 kip in⋅⋅=:= > βTb 172.069 kip in⋅⋅= The brace stiffness and strength

are adequate to provide a

torsional brace.  A Lb of 24 in will

be used for beam #1 below as

long as the negative moment is

less than 3.5 kip-ft.

Brace strength: Mbrace 9.1ksi Sb⋅ 5.023 kip in⋅⋅=:= > Mbr 1.139 kip in⋅⋅=
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 Allowable Bending Capacity

 Bending tension on top (element in uniform stress), F.8.1.1 6063-T5 
Allowable stress: Ft_F.8.1.1_top 9.7ksi:=

 Bending tension on top (element in uniform stress), F.8.1.1-WELDED

6063-T5 
Allowable stress: Ft_F.8.1.1_top_w 4.8ksi:= Ft_F.8.1.1_top_w 4.8 ksi⋅=

 Bending tension on bottom (flexure in round tube), F.8.1.1 6061-T6 
Allowable stress: Ft_F.8.1.1_bot 19.5ksi:=

 Bending tension on bottom (flexure in round tube), F.8.1.1-WELDED 6061-T6 
Allowable stress: Ft_F.8.1.1_bot_w 9.1ksi:= t<3/8" 
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 Bending compression on top (open shapes LTB), F.2.1

6063-T5 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.2.1

Lb

ry Cb
0.5⋅

:= SF.2.1 57.554=

Allowable stress: Fc_F.2.1_top 10.5 0.036 SF.2.1⋅−( ) ksi⋅ SF.2.1 119≤if

86996

SF.2.1
2

ksi⋅ 119 SF.2.1<if

:= Fc_F.2.1_top 8.4 ksi⋅=

 Bending compression on top (open shapes LTB), F.2.1-WELDED

6063-T5 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.2.1

Lb

ry Cb
0.5⋅

:= SF.2.1 57.554=

Allowable stress: Fc_F.2.1_top_w 5.3 0.016 SF.2.1⋅−( ) ksi⋅ SF.2.1 222≤if

86996

SF.2.1
2

ksi⋅ 222 SF.2.1<if

:= Fc_F.2.1_top_w 4.4 ksi⋅=

 Bending compression on bottom (closed shapes LTB), F.3.1

6061-T6 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sxbot⋅

Cb Iy J⋅( )0.5
:= SF.3.1 437.424=

Allowable stress: Fc_F.3.1_bot 23.9 0.238 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 1685≤if

23599

SF.3.1

ksi⋅ 1685 SF.3.1<if

:= Fc_F.3.1_bot 18.9 ksi⋅=
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 Bending compression on bottom (closed shapes LTB), F.3.1-WELDED

6061-T6 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sxbot⋅

Cb Iy J⋅( )0.5
:= SF.3.1 437.424=

Allowable stress: Fc_F.3.1_bot_w 10.2 0.085 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 6943≤if

23599

SF.3.1

ksi⋅ 6943 SF.3.1<if

:= t<3/8" Fc_F.3.1_bot_w 8.4 ksi⋅=

 Positive Bending

Allowable stress on top for positive bending: Fbc_top Fc_F.2.1_top_w 4.379 ksi⋅=:=

Allowable stress on bot for positive bending: Fbt_bot Ft_F.8.1.1_bot_w 9.1 ksi⋅=:=

Allowable positive bending moment: Ma_pos_12 min Fbc_top Sxtop⋅ Fbt_bot Sxbot⋅, ( ) 5.499 kip ft⋅⋅=:=

 Negative Bending

Allowable stress on top for negative bending: Fbt_top Ft_F.8.1.1_top_w 4.8 ksi⋅=:=

Allowable stress on bot for negative bending: Fbc_bot Fc_F.3.1_bot_w 8.422 ksi⋅=:=

Allowable negative bending moment: Ma_neg_12 min Fbt_top Sxtop⋅ Fbc_bot Sxbot⋅, Mr, ( ) 3.5 kip ft⋅⋅=:=

Negative bending limited to 3.5 kip-ft because of bracing requirements
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 Vertical shear,  G.2-WELDED

h over t ratio: SG.2
7.5in

0.375in
:= SG.2 20=

Allowable stress: Fv_G.2_w 2.9 ksi⋅( ) SG.2 56.7≤if

3.7 0.14 SG.2⋅−( ) ksi⋅ 56.7 SG.2< 177≤if

38665

SG.2
2









ksi⋅ 177 SG.2<if

:= Fv_G.2_w 2.9 ksi⋅=

Allowable shear: Va_12 4.0in 0.375⋅ in Fv_G.2_w⋅:= Va_12 4.35 kip⋅=

 Allowable Compression

 Axial compression (member buckling),  E.3 6063-T5 

Unbraced length: Lbx 20.333 ft:= Lby 24in:=

Slenderness: SE.3 max
1.0 Lbx⋅

rx

1.0 Lby⋅

ry

, 








:= SE.3 73.493=

Allowable stress: Fc_E.3 8.9 0.037 SE.3⋅−( ) ksi⋅ 0 SE.3< 99≤if

51352

SE.3
2

ksi⋅ 99 SE.3<if

:= Fc_E.3 6.2 ksi⋅=

 Axial compression (member buckling), E.3-WELDED 6063-T5 

Unbraced length: Lbx 243.996 in⋅= Lby 24 in⋅=

Slenderness: SE.3 max
1.0 Lbx⋅

rx

1.0 Lby⋅

ry

, 








:= SE.3 73.493=

Allowable stress: Fc_E.3_w 4.5 0.016 SE.3⋅−( ) ksi⋅ 0 SE.3< 185≤if

51352

SE.3
2

ksi⋅ 185 SE.3<if

:= Fc_E.3_w 3.3 ksi⋅=

Project:16x20 Mobile Stage
CRE Project #: 13.533.01

15 of 77 Engineer: SSH/AJG
2/12/2014

CRE 84 of 150
02/12/14



Clark-Reder Engineering, Inc
4828 Business Center Way
Cincinnati, OH 45246

Phone (513) 851-1223
Fax (513) 297-0934
www.clarkreder.com

 Uniform compression (flat elements supported on both edges), B.5.4.2 6063-T5 

Slenderness: SB.5.4.2
7.5in

0.375in
:= SB.5.4.2 20=

Allowable stress: Fc_B.5.4.2 9.7ksi SB.5.4.2 25.6≤if

11.8 0.083 SB.5.4.2⋅−( ) ksi⋅ 25.6 SB.5.4.2< 50≤if

382

SB.5.4.2

ksi⋅ 50 SB.5.4.2<if

:= Fc_B.5.4.2 9.7 ksi⋅=

 Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6063-T5 

Slenderness: SB.5.4.2
7.5in

0.375in
:= SB.5.4.2 20=

Allowable stress: Fc_B.5.4.2_w 4.8ksi SB.5.4.2 33.6≤if

6.1 0.038 SB.5.4.2⋅−( ) ksi⋅ 33.6 SB.5.4.2< 81≤if

247

SB.5.4.2

ksi⋅ 81 SB.5.4.2<if

:= Fc_B.5.4.2_w 4.8 ksi⋅=

 Uniform compression (curved elements supported on both edges), B.5.4.5 6061-T6 

Slenderness: SB.5.4.5
2in 0.125in−

2 0.125⋅ in
:= SB.5.4.5 7.5=

Allowable stress: Fc_B.5.4.5 21.2ksi SB.5.4.5 27.6≤if

26.2 0.944 SB.5.4.5
0.5⋅−



 ksi⋅ 27.6 SB.5.4.5< 141≤if

3776

SB.5.4.5 1
SB.5.4.5

0.5

35
+









2

⋅

ksi⋅ 141 SB.5.4.5<if

:= Fc_B.5.4.5 21.2 ksi⋅=
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 Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6061-T6 

Slenderness: SB.5.4.5
2in 0.125in−

2 0.125⋅ in
:= SB.5.4.5 7.5=

Allowable stress: Fc_B.5.4.5_w 9.1ksi SB.5.4.5 46.4≤if

11.8 0.396 SB.5.4.5
0.5⋅−



 ksi⋅ 46.4 SB.5.4.5< 390≤if

3776

SB.5.4.5 1
SB.5.4.5

0.5

35
+









2

⋅

ksi⋅ 390 SB.5.4.5<if

:= Fc_B.5.4.5_w 9.1 ksi⋅=

Allowable compression stress: Fc min Fc_E.3_w Fc_B.5.4.2_w, Fc_B.5.4.5_w, ( ) 3.324 ksi⋅=:=

Allowable compression: Pc_12 A Fc⋅:= Pc_12 18.648 kip⋅=
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 Allowable capacities based off of 4-Condtions above

Allowable Compression: Pa_c_1 min Pc_11 Pc_12, ( ) 18.648 kip⋅=:=

Allowable Positive Moment: Ma_pos_1 min Ma_pos_11 Ma_pos_12, ( ) 5.499 kip ft⋅⋅=:=

Allowable Negative Moment: Ma_neg_1 min Ma_neg_11 Ma_neg_12, ( ) 3.5 ft kip⋅=:=

Allowable Negative Moment: Va_1 min Va_11 Va_12, ( ) 4.35 kip⋅=:=

 Stage I-Beam #2 and Midstage Frame X - Loads applied to Moment Frame

The loads below will be put in RISA 3d.

DEAD DLbeam1 10 psf⋅
8 ft⋅ 2 in⋅+( )

2

9 ft⋅ 2 in⋅+( )

2

6.58

5.08
⋅+








⋅ 100.2 plf⋅=:=

WIND

Tributary for beam: trib
8 ft⋅ 2 in⋅+( )

2

9 ft⋅ 2 in⋅+( )

2

6.58

5.08
⋅+








10.02 ft=:=

At 30 mph, the beam loads are:

Uplift WLup_30 1.6 psf⋅ trib⋅ 16.032 plf⋅=:=
 Column Loads

Downward WLdown_30 1.7 psf⋅ trib⋅ 17.034 plf⋅=:=

DLcol 1 kip⋅:=
Lateral WLlat_30 15 plf⋅:=

ULLcol 356 lbf⋅:=

At 50 mph, the beam loads are:

CPLcol 178 lbf⋅:=
Uplift WLup_50 4.4 psf⋅ trib⋅ 44.088 plf⋅=:=

TPLcol 266 lbf⋅:=
Downward WLdown_50 4.8 psf⋅ trib⋅ 48.096 plf⋅=:=

QPLcol 266 lbf⋅:=
Lateral WLlat_50 41.4 plf⋅:=

The lateral loads in the model include wind loads on the truss and beam from roof 1. 

Case B wind load controls the design for the cross-stage fiberglass scrim, and supplies 80% of the total load on one frame.
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 Frame X Midstage I Beam #2 Check for DL + 30 mph Wind

Axial compression: Pb1 99lbf:=

Moment: Mx_pos_1 5.7kip ft⋅:= Mx_neg_1 1.4kip ft⋅:=

Shear: Vyb1 1290lbf:=

 Positive Bending

Combined utilization: utlh1_1

Pb1

Pa_c_1

Mx_pos_1

Ma_pos_1

+ 1.0=:= SAY OK

 Negative Bending

Combined utilization: utlh1_1

Pb1

Pa_c_1

Mx_neg_1

Ma_neg_1

+ 0.405=:=

check "OK" utlh1_1 1.0≤if

"NG" otherwise

"OK"=:=
Check:

 Shear

Combined utilization: utlv

Vyb1

Va_1

0.297=:=

check "OK" utlv 1.0≤if

"NG" otherwise

"OK"=:=
Check:

 Allowable Rigging Capacity of Stage I Beam #2 at Midstage Frame X

The midstage roof beam is fully utilized at a wind speed of 30 mph.  The beam has no additional capacity for rigging loads
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 Stage I-Beam #1 and Upstage Frame X - Loads applied to Moment Frame

The loads below will be put in RISA 3d.

DEAD DLbeam1 10 psf⋅
8.17ft

2









⋅ 40.85 plf⋅=:=

WIND

Tributary for beam: trib
8.17ft

2









4.085 ft=:=

At 30 mph, the beam loads are:

Uplift WLup_30 1.6 psf⋅ trib⋅ 6.536 plf⋅=:=
 Column Loads

Downward WLdown_30 1.7 psf⋅ trib⋅ 6.945 plf⋅=:=

DLcol 0.42 kip⋅:=
Lateral WLlat_30 15 plf⋅:=

ULLcol 668 lbf⋅:=

At 50 mph, the beam loads are:

CPLcol 334 lbf⋅:=
Uplift WLup_50 4.4 psf⋅ trib⋅ 17.974 plf⋅=:=

TPLcol 425 lbf⋅:=
Downward WLdown_50 4.8 psf⋅ trib⋅ 19.608 plf⋅=:=

QPLcol 501 lbf⋅:=
Lateral WLlat_50 41.4 plf⋅:=

The lateral loads in the model include wind loads on the truss and beam from roof 1. 

Case B wind load controls the design for the cross-stage fiberglass scrim, and supplies 80% of the total load on one frame.
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 Allowable Rigging Capacity of Stage I Beam #1 at Upstage Frame X

Maximum moment in Stage I-Beam #1 from RISA: Mmax 2.9 ft⋅ kip⋅:= for Load Combination DL+0.75L+0.75Whwap

Length of I-Beam #1: L1 20 ft⋅ 4 in⋅+( ):=

 Allowable Capacity  Allowable Capacity For Reuse

UDL: UDL1_w

8 Ma_pos_1 Mmax−( )⋅

0.75 L1( )2⋅
:= UDL1_w 67.045 plf⋅= 0.85UDL1_w 56.988 plf⋅=

0.85UDL1_w L1⋅ 1158.753 lbf=

CPL: CPL1_w

4 Ma_pos_1 Mmax−( )⋅

0.75 L1⋅
:= CPL1_w 681.62 lbf= 0.85CPL1_w 579.377 lbf=

TPL: TPL1_w

3 Ma_pos_1 Mmax−( )⋅

0.75 L1⋅
:= TPL1_w 511.215 lbf= 0.85TPL1_w 434.533 lbf=

QPL: QPL1_w

2 Ma_pos_1 Mmax−( )⋅

0.75L1

:= QPL1_w 340.81 lbf= 0.85QPL1_w 289.688 lbf=

Maximum moment in Stage I-Beam #1 from RISA: Mmax 2.1 ft⋅ kip⋅:= for Load Combination DL+LL

Length of I-Beam #1: L1 20 ft⋅ 4 in⋅+( ):=

 Allowable Capacity  Allowable Capacity For Reuse

UDL1

8 Ma_pos_1 Mmax−( )⋅

L1
2

:= UDL1 65.763 plf⋅= 0.85UDL1 55.899 plf⋅=

0.85UDL1 L1⋅ 1136.606 lbf=

CPL1

4 Ma_pos_1 Mmax−( )⋅

L1

:= CPL1 668.592 lbf= 0.85CPL1 568.303 lbf=

TPL1

3 Ma_pos_1 Mmax−( )⋅

L1

:= TPL1 501.444 lbf= 0.85TPL1 426.227 lbf=

QPL1

2 Ma_pos_1 Mmax−( )⋅

L1

:= QPL1 334.296 lbf= 0.85QPL1 284.152 lbf=
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 Allowable Loads on Stage I Beam #1

 Allowable Loads for Upstage Beam #1

UDL min UDL1 UDL1_w, ( ) 65.763 plf⋅=:= 0.85 UDL⋅ 55.899 plf⋅=

0.85UDL L1⋅ 1136.606 lbf=

CPL min CPL1 CPL1_w, ( ) 668.592 lbf=:= 0.85 CPL⋅ 568.303 lbf=

TPL min TPL1 TPL1_w, ( ) 501.444 lbf=:= 0.85 TPL⋅ 426.227 lbf=

QPL min QPL1 QPL1_w, ( ) =:= 0.85 QPL⋅ 284.152 lbf=
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 Mobile Roof Beam #3 with Holes for Banner Package

 Roof Beam #3-1 - NO HOLES

 Section properties

Area:
A 6.922in

2:=

Moment of inertia: Ix 87.393in
4:= Iy 0.990in

4:=

Strong axis section mod: Sxbot 11.472in
3:= Sxtop 21.177in

3:=

Weak axis section mod: Sy 0.99in
3:=

Radius of gyration: rx 3.553in:= ry 0.378in:=

Torsional constant: J 2.383in
4:=

 6061-T6 Mechanical Properties

 Unwelded  Welded  Welded > 3/8

Tension Yield Stress: Fty 35ksi:= Ftyw 15ksi:= Ftyw38 11ksi:=

Ultimate Tensile Stress: Ftu 38ksi:= Ftuw 24ksi:=

Compression Yield Stress: Fcy 35ksi:= Fcyw 15ksi:= Fcyw38 11ksi:=

Ultimate shear stress: Fsu 24ksi:= Fsuw 15ksi:=

Tension coefficient: kt 1.0:=
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 Unbraced Length for Beam #3-1 for negative bending

The continuous 2x2x1/8 aluminum tube that is welded to the top flange beam #1 will be checked to determine if it is an

acceptable LTB torsional nodal brace.   The bracing requirements of the 2010 Aluminum Design Manual, Appendix 6 will be

used.

Required strength: Mr 4.2kip ft⋅:= MAX ALLOWABLE FOR NEGATIVE BENDING

Beam span: L 22 ft⋅:= Number of braces along span: n 11:=

Max unbraced length: Lb 2 ft⋅:=

Beam weak axis MOI: Iy 0.99 in
4⋅=

FLG centroid distance: ho 11.75in 0.5 2.25in 2in+( )⋅− 9.625 in⋅=:=

Beam web thickness: tw 0.375in:=

Brace MOI: Ib 0.552in
4:= for RT2x2x1/8

Brace section modulus: Sb 0.552in
3:= for RT2x2x1/8

Brace length: Lbr 9.1875ft:=

Required bracing moment: Mbr

0.024 Mr⋅ L⋅

n 1.0⋅ Lb⋅
1.21 kip in⋅⋅=:=

βT 3.0
2.4 L⋅ Mr

2⋅

n Ea⋅ Iy⋅ 1.0
2











⋅ 43.898 kip in⋅⋅=:=

βsec

3.3 Ea⋅

ho

1.5 ho⋅ tw
3⋅

12









219.705 kip in⋅⋅=:=

Required bracing stiffness: βTb

βT

1
βT

βsec

−

54.86 kip in⋅⋅=:= The required brace stiffness units are kip-in/rad

Since the torsional brace is attached to the tension flange, the brace stiffness is 2EI/L.   

The brace stiffness and strength

are adequate to provide a

torsional brace.  A Lb of 24 in will

be used for beam #1 below as

long as the negative moment is

less than 4.2 kip-ft.

Brace stiffness: Mbrace_stiff

2 Ea⋅ Ib⋅

Lbr

101.137 kip in⋅⋅=:= > βTb 54.86 kip in⋅⋅=

Brace strength: Mbrace 9.1ksi Sb⋅ 5.023 kip in⋅⋅=:= > Mbr 1.21 kip in⋅⋅=
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 Allowable Bending Capacity

 Bending tension on top (element in uniform stress), F.8.1.1 6063-T5 
Allowable stress: Ft_F.8.1.1_top 9.7ksi:=

 Bending tension on top (element in uniform stress), F.8.1.1-WELDED

6063-T5 
Allowable stress: Ft_F.8.1.1_top_w 4.8ksi:= Ft_F.8.1.1_top_w 4.8 ksi⋅=

 Bending tension on bottom (flexure in round tube), F.8.1.1 6061-T6 
Allowable stress: Ft_F.8.1.1_bot 19.5ksi:=

 Bending tension on bottom (flexure in round tube), F.8.1.1-WELDED 6061-T6 
Allowable stress: Ft_F.8.1.1_bot_w 9.1ksi:= t<3/8" 

 Bending tension in bottom (element in uniform stress), F.8.1.1-PARTIALLY WELD AFFECTED

 Tension Yielding

Fty_pipe Fty 1
0.337

0.736
−








⋅ Ftyw
0.337

0.736
⋅+ 25.842 ksi⋅=:=

Fty_pipe

1.65
15.662 ksi⋅=

 Tension Rupture

Ftu_pipe

Ftu

kt

1
0.337

0.736
−








⋅ Ftuw
0.337

0.736
⋅+ 31.59 ksi⋅=:=

Ftu_pipe

1.95
16.2 ksi⋅=

Allowable stress: Ft_F.8.1.1_bot_pw min
Ftu_pipe

1.95

Fty_pipe

1.65
, 









15.662 ksi⋅=:=
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 Bending compression on top (open shapes LTB), F.2.1

6063-T5 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.2.1

Lb

ry Cb
0.5⋅

:= SF.2.1 63.492=

Allowable stress: Fc_F.2.1_top 10.5 0.036 SF.2.1⋅−( ) ksi⋅ SF.2.1 119≤if

86996

SF.2.1
2

ksi⋅ 119 SF.2.1<if

:= Fc_F.2.1_top 8.2 ksi⋅=

 Bending compression on top (open shapes LTB), F.2.1-WELDED

6063-T5 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.2.1

Lb

ry Cb
0.5⋅

:= SF.2.1 63.492=

Allowable stress: Fc_F.2.1_top_w 5.3 0.016 SF.2.1⋅−( ) ksi⋅ SF.2.1 222≤if

86996

SF.2.1
2

ksi⋅ 222 SF.2.1<if

:= Fc_F.2.1_top_w 4.3 ksi⋅=

 Bending compression on bottom (closed shapes LTB), F.3.1

6061-T6 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sxbot⋅

Cb Iy J⋅( )0.5
:= SF.3.1 358.51=

Allowable stress: Fc_F.3.1_bot 23.9 0.238 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 1685≤if

23599

SF.3.1

ksi⋅ 1685 SF.3.1<if

:= Fc_F.3.1_bot 19.4 ksi⋅=
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 Bending compression on bottom (closed shapes LTB), F.3.1-WELDED

6061-T6 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sxbot⋅

Cb Iy J⋅( )0.5
:= SF.3.1 358.51=

Allowable stress: Fc_F.3.1_bot_w 10.2 0.085 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 6943≤if

23599

SF.3.1

ksi⋅ 6943 SF.3.1<if

:= t<3/8" Fc_F.3.1_bot_w 8.6 ksi⋅=

 Bending compression on bottom (closed shape LTB), F.3.1-PARTIALLY WELD AFFECTED t>3/8" 

Allowable stress: Fc_F.3.1_bot_pw Fc_F.3.1_bot 1
0.337

0.736
−








⋅ Fc_F.3.1_bot_w
0.337

0.736
⋅+








14.447 ksi⋅=:=

Fc_F.3.1_bot_pw 14.447 ksi⋅=

 Positive Bending

Allowable stress on top for positive bending: Fbc_top Fc_F.2.1_top_w 4.284 ksi⋅=:=

Allowable stress on bot for positive bending: Fbt_bot Ft_F.8.1.1_bot_pw 15.662 ksi⋅=:=

Allowable positive bending moment: Ma_pos_31 min Fbc_top Sxtop⋅ Fbt_bot Sxbot⋅, ( ) 7.56 kip ft⋅⋅=:=

 Negative Bending

Allowable stress on top for negative bending: Fbt_top Ft_F.8.1.1_top_w 4.8 ksi⋅=:=

Allowable stress on bot for negative bending: Fbc_bot Fc_F.3.1_bot_pw 14.447 ksi⋅=:=

Allowable negative bending moment: Ma_neg_31 min Fbt_top Sxtop⋅ Fbc_bot Sxbot⋅, Mr, ( ) 4.2 kip ft⋅⋅=:=

Negative bending limited to 4.2 kip-ft because of bracing requirements
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 Vertical shear,  G.2-WELDED

h over t ratio: SG.2
7.5in

0.375in
:= SG.2 20=

Allowable stress: Fv_G.2_w 2.9 ksi⋅( ) SG.2 56.7≤if

3.7 0.14 SG.2⋅−( ) ksi⋅ 56.7 SG.2< 177≤if

38665

SG.2
2









ksi⋅ 177 SG.2<if

:= Fv_G.2_w 2.9 ksi⋅=

Allowable shear: Va_31 7.5in 0.375⋅ in Fv_G.2_w⋅:= Va_31 8.156 kip⋅=

 Allowable Compression

 Axial compression (member buckling),  E.3 6063-T5 

Unbraced length: Lbx 22ft:= Lby 24in:=

Slenderness: SE.3 max
1.0 Lbx⋅

rx

1.0 Lby⋅

ry

, 








:= SE.3 74.303=

Allowable stress: Fc_E.3 8.9 0.037 SE.3⋅−( ) ksi⋅ 0 SE.3< 99≤if

51352

SE.3
2

ksi⋅ 99 SE.3<if

:= Fc_E.3 6.2 ksi⋅=

 Axial compression (member buckling), E.3-WELDED 6063-T5 

Unbraced length: Lbx 264 in⋅= Lby 24 in⋅=

Slenderness: SE.3 max
1.0 Lbx⋅

rx

1.0 Lby⋅

ry

, 








:= SE.3 74.303=

Allowable stress: Fc_E.3_w 4.5 0.016 SE.3⋅−( ) ksi⋅ 0 SE.3< 185≤if

51352

SE.3
2

ksi⋅ 185 SE.3<if

:= Fc_E.3_w 3.3 ksi⋅=
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 Uniform compression (flat elements supported on both edges), B.5.4.2 6063-T5 

Slenderness: SB.5.4.2
7.5in

0.375in
:= SB.5.4.2 20=

Allowable stress: Fc_B.5.4.2 9.7ksi SB.5.4.2 25.6≤if

11.8 0.083 SB.5.4.2⋅−( ) ksi⋅ 25.6 SB.5.4.2< 50≤if

382

SB.5.4.2

ksi⋅ 50 SB.5.4.2<if

:= Fc_B.5.4.2 9.7 ksi⋅=

 Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6063-T5 

Slenderness: SB.5.4.2
7.5in

0.375in
:= SB.5.4.2 20=

Allowable stress: Fc_B.5.4.2_w 4.8ksi SB.5.4.2 33.6≤if

6.1 0.038 SB.5.4.2⋅−( ) ksi⋅ 33.6 SB.5.4.2< 81≤if

247

SB.5.4.2

ksi⋅ 81 SB.5.4.2<if

:= Fc_B.5.4.2_w 4.8 ksi⋅=

 Uniform compression (curved elements supported on both edges), B.5.4.5 6061-T6 

Slenderness: SB.5.4.5
2in 0.125in−

2 0.125⋅ in
:= SB.5.4.5 7.5=

Allowable stress: Fc_B.5.4.5 21.2ksi SB.5.4.5 27.6≤if

26.2 0.944 SB.5.4.5
0.5⋅−



 ksi⋅ 27.6 SB.5.4.5< 141≤if

3776

SB.5.4.5 1
SB.5.4.5

0.5

35
+









2

⋅

ksi⋅ 141 SB.5.4.5<if

:= Fc_B.5.4.5 21.2 ksi⋅=

Project:16x20 Mobile Stage
CRE Project #: 13.533.01

29 of 77 Engineer: SSH/AJG
2/12/2014

CRE 98 of 150
02/12/14



Clark-Reder Engineering, Inc
4828 Business Center Way
Cincinnati, OH 45246

Phone (513) 851-1223
Fax (513) 297-0934
www.clarkreder.com

 Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6061-T6 

Slenderness: SB.5.4.5
2in 0.125in−

2 0.125⋅ in
:= SB.5.4.5 7.5=

Allowable stress: Fc_B.5.4.5_w 9.1ksi SB.5.4.5 46.4≤if

11.8 0.396 SB.5.4.5
0.5⋅−



 ksi⋅ 46.4 SB.5.4.5< 390≤if

3776

SB.5.4.5 1
SB.5.4.5

0.5

35
+









2

⋅

ksi⋅ 390 SB.5.4.5<if

:= Fc_B.5.4.5_w 9.1 ksi⋅=

Allowable compression stress: Fc min Fc_E.3_w Fc_B.5.4.2_w, Fc_B.5.4.5_w, ( ) 3.311 ksi⋅=:=

Allowable compression: Pc_31 A Fc⋅:= Pc_31 22.92 kip⋅=
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 Roof Beam #3-2 Holes @ Castellated Cutouts

 Section properties

Area:
A 5.61in

2:=

Moment of inertia: Ix 61.84in
4:= Iy 0.974in

4:=

Strong axis section mod: Sxbot 7.251in
3:= Sxtop 19.193in

3:=

Weak axis section mod: Sy 0.974in
3:=

Radius of gyration: rx 3.32in:= ry 0.417in:=

Torsional constant: J 0.65in
4:=

 6061-T6 Mechanical Properties

 Unwelded  Welded  Welded > 3/8

Tension Yield Stress: Fty 35ksi:= Ftyw 15ksi:= Ftyw38 11ksi:=

Ultimate Tensile Stress: Ftu 38ksi:= Ftuw 24ksi:=

Compression Yield Stress: Fcy 35ksi:= Fcyw 15ksi:= Fcyw38 11ksi:=

Ultimate shear stress: Fsu 24ksi:= Fsuw 15ksi:=

Tension coefficient: kt 1.0:=
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 Unbraced Length for Beam #3-2 for negative bending

The continuous 2x2x1/8 aluminum tube that is welded to the top flange beam #1 will be checked to determine if it is an

acceptable LTB torsional nodal brace.   The bracing requirements of the 2010 Aluminum Design Manual Appendix 6 will be

used.

Required strength: Mr 3.4kip ft⋅:= MAX ALLOWABLE FOR NEGATIVE BENDING

Beam span: L 22 ft= Number of braces along span: n 11=

Max unbraced length: Lb 2 ft=

Beam weak axis MOI: Iy 0.974 in
4⋅=

FLG centroid distance: ho 11.75in 0.5 2.25in 2in+( )⋅− 9.625 in⋅=:=

Beam web thickness: tw 0.375in:=

For RT2x2x1/8
Brace MOI: Ib 0.552in

4:=

Brace section modulus: Sb 0.552in
3:= For RT2x2x1/8

Brace length: Lbr 9.188 ft=

Required bracing moment: Mbr

0.024 Mr⋅ L⋅

n 1.0⋅ Lb⋅
0.979 kip in⋅⋅=:=

βT 3.0
2.4 L⋅ Mr

2⋅

n Ea⋅ Iy⋅ 1.0
2











⋅ 29.24 kip in⋅⋅=:=

βsec

3.3 Ea⋅

ho

3

15

1.5 ho⋅ tw
3⋅

12
⋅









43.941 kip in⋅⋅=:=

Required bracing stiffness: βTb

βT

1
βT

βsec

−

87.402 kip in⋅⋅=:= The required brace stiffness units are kip-in/rad

Since the torsional brace is attached to the tension flange, the brace stiffness is 2EI/L.   

Brace stiffness: Mbrace_stiff

2 Ea⋅ Ib⋅

Lbr

101.137 kip in⋅⋅=:= > βTb 87.402 kip in⋅⋅= The brace stiffness and strength

are adequate to provide a

torsional brace.  A Lb of 24 in will

be used for beam #1 below as

long as the negative moment is

less than 3.5 kip-ft.

Brace strength: Mbrace 9.1ksi Sb⋅ 5.023 kip in⋅⋅=:= > Mbr 0.979 kip in⋅⋅=
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 Allowable Bending Capacity

 Bending tension on top (element in uniform stress), F.8.1.1 6063-T5 
Allowable stress: Ft_F.8.1.1_top 9.7ksi:=

 Bending tension on top (element in uniform stress), F.8.1.1-WELDED

6063-T5 
Allowable stress: Ft_F.8.1.1_top_w 4.8ksi:= Ft_F.8.1.1_top_w 4.8 ksi⋅=

 Bending tension on bottom (flexure in round tube), F.8.1.1 6061-T6 
Allowable stress: Ft_F.8.1.1_bot 19.5ksi:=

 Bending tension on bottom (flexure in round tube), F.8.1.1-WELDED 6061-T6 
Allowable stress: Ft_F.8.1.1_bot_w 9.1ksi:= t<3/8" 

 Bending tension in bottom (element in uniform stress), F.8.1.1-PARTIALLY WELD AFFECTED

 Tension Yielding

Fty_pipe Fty 1
0.337

0.736
−








⋅ Ftyw
0.337

0.736
⋅+ 25.842 ksi⋅=:=

Fty_pipe

1.65
15.662 ksi⋅=

 Tension Rupture

Ftu_pipe

Ftu

kt

1
0.337

0.736
−








⋅ Ftuw
0.337

0.736
⋅+ 31.59 ksi⋅=:=

Ftu_pipe

1.95
16.2 ksi⋅=

Allowable stress: Ft_F.8.1.1_bot_pw min
Ftu_pipe

1.95

Fty_pipe

1.65
, 









15.662 ksi⋅=:=
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 Bending compression on top (open shapes LTB), F.2.1

6063-T5 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.2.1

Lb

ry Cb
0.5⋅

:= SF.2.1 57.554=

Allowable stress: Fc_F.2.1_top 10.5 0.036 SF.2.1⋅−( ) ksi⋅ SF.2.1 119≤if

86996

SF.2.1
2

ksi⋅ 119 SF.2.1<if

:= Fc_F.2.1_top 8.4 ksi⋅=

 Bending compression on top (open shapes LTB), F.2.1-WELDED

6063-T5 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.2.1

Lb

ry Cb
0.5⋅

:= SF.2.1 57.554=

Allowable stress: Fc_F.2.1_top_w 5.3 0.016 SF.2.1⋅−( ) ksi⋅ SF.2.1 222≤if

86996

SF.2.1
2

ksi⋅ 222 SF.2.1<if

:= Fc_F.2.1_top_w 4.4 ksi⋅=

 Bending compression on bottom (closed shapes LTB), F.3.1

6061-T6 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sxbot⋅

Cb Iy J⋅( )0.5
:= SF.3.1 437.424=

Allowable stress: Fc_F.3.1_bot 23.9 0.238 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 1685≤if

23599

SF.3.1

ksi⋅ 1685 SF.3.1<if

:= Fc_F.3.1_bot 18.9 ksi⋅=
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 Bending compression on bottom (closed shapes LTB), F.3.1-WELDED

6061-T6 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sxbot⋅

Cb Iy J⋅( )0.5
:= SF.3.1 437.424=

Allowable stress: Fc_F.3.1_bot_w 10.2 0.085 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 6943≤if

23599

SF.3.1

ksi⋅ 6943 SF.3.1<if

:= t<3/8" Fc_F.3.1_bot_w 8.4 ksi⋅=

 Bending compression on bottom (closed shape LTB), F.3.1-PARTIALLY WELD AFFECTED t>3/8" 

Allowable stress: Fc_F.3.1_bot_pw Fc_F.3.1_bot 1
0.337

0.736
−








⋅ Fc_F.3.1_bot_w
0.337

0.736
⋅+








14.115 ksi⋅=:=

Fc_F.3.1_bot_pw 14.115 ksi⋅=

 Positive Bending

Allowable stress on top for positive bending: Fbc_top Fc_F.2.1_top_w 4.379 ksi⋅=:=

Allowable stress on bot for positive bending: Fbt_bot Ft_F.8.1.1_bot_pw 15.662 ksi⋅=:=

Allowable positive bending moment: Ma_pos_32 min Fbc_top Sxtop⋅ Fbt_bot Sxbot⋅, ( ) 7.004 kip ft⋅⋅=:=

 Negative Bending

Allowable stress on top for negative bending: Fbt_top Ft_F.8.1.1_top_w 4.8 ksi⋅=:=

Allowable stress on bot for negative bending: Fbc_bot Fc_F.3.1_bot_pw 14.115 ksi⋅=:=

Allowable negative bending moment: Ma_neg_32 min Fbt_top Sxtop⋅ Fbc_bot Sxbot⋅, Mr, ( ) 3.4 kip ft⋅⋅=:=

Negative bending limited to 3.4 kip-ft because of bracing requirements
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 Vertical shear,  G.2-WELDED

h over t ratio: SG.2
7.5in

0.375in
:= SG.2 20=

Allowable stress: Fv_G.2_w 2.9 ksi⋅( ) SG.2 56.7≤if

3.7 0.14 SG.2⋅−( ) ksi⋅ 56.7 SG.2< 177≤if

38665

SG.2
2









ksi⋅ 177 SG.2<if

:= Fv_G.2_w 2.9 ksi⋅=

Allowable shear: Va_32 4.0in 0.375⋅ in Fv_G.2_w⋅:= Va_32 4.35 kip⋅=

 Allowable Compression

 Axial compression (member buckling),  E.3 6063-T5 

Unbraced length: Lbx 22 ft:= Lby 24in:=

Slenderness: SE.3 max
1.0 Lbx⋅

rx

1.0 Lby⋅

ry

, 








:= SE.3 79.518=

Allowable stress: Fc_E.3 8.9 0.037 SE.3⋅−( ) ksi⋅ 0 SE.3< 99≤if

51352

SE.3
2

ksi⋅ 99 SE.3<if

:= Fc_E.3 6 ksi⋅=

 Axial compression (member buckling), E.3-WELDED 6063-T5 

Unbraced length: Lbx 264 in⋅= Lby 24 in⋅=

Slenderness: SE.3 max
1.0 Lbx⋅

rx

1.0 Lby⋅

ry

, 








:= SE.3 79.518=

Allowable stress: Fc_E.3_w 4.5 0.016 SE.3⋅−( ) ksi⋅ 0 SE.3< 185≤if

51352

SE.3
2

ksi⋅ 185 SE.3<if

:= Fc_E.3_w 3.2 ksi⋅=
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 Uniform compression (flat elements supported on both edges), B.5.4.2 6063-T5 

Slenderness: SB.5.4.2
7.5in

0.375in
:= SB.5.4.2 20=

Allowable stress: Fc_B.5.4.2 9.7ksi SB.5.4.2 25.6≤if

11.8 0.083 SB.5.4.2⋅−( ) ksi⋅ 25.6 SB.5.4.2< 50≤if

382

SB.5.4.2

ksi⋅ 50 SB.5.4.2<if

:= Fc_B.5.4.2 9.7 ksi⋅=

 Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6063-T5 

Slenderness: SB.5.4.2
7.5in

0.375in
:= SB.5.4.2 20=

Allowable stress: Fc_B.5.4.2_w 4.8ksi SB.5.4.2 33.6≤if

6.1 0.038 SB.5.4.2⋅−( ) ksi⋅ 33.6 SB.5.4.2< 81≤if

247

SB.5.4.2

ksi⋅ 81 SB.5.4.2<if

:= Fc_B.5.4.2_w 4.8 ksi⋅=

 Uniform compression (curved elements supported on both edges), B.5.4.5 6061-T6 

Slenderness: SB.5.4.5
2in 0.125in−

2 0.125⋅ in
:= SB.5.4.5 7.5=

Allowable stress: Fc_B.5.4.5 21.2ksi SB.5.4.5 27.6≤if

26.2 0.944 SB.5.4.5
0.5⋅−



 ksi⋅ 27.6 SB.5.4.5< 141≤if

3776

SB.5.4.5 1
SB.5.4.5

0.5

35
+









2

⋅

ksi⋅ 141 SB.5.4.5<if

:= Fc_B.5.4.5 21.2 ksi⋅=
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 Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6061-T6 

Slenderness: SB.5.4.5
2in 0.125in−

2 0.125⋅ in
:= SB.5.4.5 7.5=

Allowable stress: Fc_B.5.4.5_w 9.1ksi SB.5.4.5 46.4≤if

11.8 0.396 SB.5.4.5
0.5⋅−



 ksi⋅ 46.4 SB.5.4.5< 390≤if

3776

SB.5.4.5 1
SB.5.4.5

0.5

35
+









2

⋅

ksi⋅ 390 SB.5.4.5<if

:= Fc_B.5.4.5_w 9.1 ksi⋅=

Allowable compression stress: Fc min Fc_E.3_w Fc_B.5.4.2_w, Fc_B.5.4.5_w, ( ) 3.228 ksi⋅=:=

Allowable compression: Pc_32 A Fc⋅:= Pc_32 18.107 kip⋅=
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 Roof Beam #3-3 Holes @ Banner Cutouts

 Section properties

Area:
A 6.125in

2:=

Moment of inertia: Ix 86.743in
4:= Iy 0.980in

4:=

Strong axis section mod: Sxbot 11.266in
3:= Sxtop 21.441in

3:=

Weak axis section mod: Sy 0.680in
3:=

Radius of gyration: rx 3.763in:= ry 0.4in:=

Torsional constant: J 0.65in
4:=

 6061-T6 Mechanical Properties

 Unwelded  Welded  Welded > 3/8

Tension Yield Stress: Fty 35ksi:= Ftyw 15ksi:= Ftyw38 11ksi:=

Ultimate Tensile Stress: Ftu 38ksi:= Ftuw 24ksi:=

Compression Yield Stress: Fcy 35ksi:= Fcyw 15ksi:= Fcyw38 11ksi:=

Ultimate shear stress: Fsu 24ksi:= Fsuw 15ksi:=

Tension coefficient: kt 1.0:=
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 Unbraced Length for Beam #3-3for negative bending

The continuous 2x2x1/8 aluminum tube that is welded to the top flange beam #1 will be checked to determine if it is an

acceptable LTB torsional nodal brace.   The bracing requirements of the AISC 360-10, Appendix 6 will be used.

Required strength: Mr 3.6kip ft⋅:= MAX ALLOWABLE FOR NEGATIVE BENDING

Beam span: L 22 ft⋅:= Number of braces along span: n 17:=

Max unbraced length: Lb 2 ft⋅:=

Beam weak axis MOI: Iy 0.98 in
4⋅=

FLG centroid distance: ho 11.75in 0.5 2.25in 2in+( )⋅− 9.625 in⋅=:=

Beam web thickness: tw 0.375in:=

Brace MOI: Ib 0.552in
4:=

Brace section modulus: Sb 0.552in
3:=

Brace length: Lbr 9.1875 ft⋅:=

Required bracing moment: Mbr

0.024 Mr⋅ L⋅

n 1.0⋅ Lb⋅
0.671 kip in⋅⋅=:=

βT 3.0
2.4 L⋅ Mr

2⋅

n Ea⋅ Iy⋅ 1.0
2











⋅ 21.082 kip in⋅⋅=:=

βsec

3.3 Ea⋅

ho

3

15

1.5 ho⋅ tw
3⋅

12
⋅









43.941 kip in⋅⋅=:=

Required bracing stiffness: βTb

βT

1
βT

βsec

−

40.524 kip in⋅⋅=:= The required brace stiffness units are kip-in/rad

Since the torsional brace is attached to the tension flange, the brace stiffness is 2EI/L.   

Brace stiffness: Mbrace_stiff

2 Ea⋅ Ib⋅

Lbr

101.137 kip in⋅⋅=:= > βTb 40.524 kip in⋅⋅= The brace stiffness and strength

are adequate to provide a

torsional brace.  A Lb of 24 in will

be used for beam #3 below as

long as the negative moment is

less than 3.6 kip-ft.

Brace strength: Mbrace 9.1ksi Sb⋅ 5.023 kip in⋅⋅=:= > Mbr 0.671 kip in⋅⋅=
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 Allowable Bending Capacity

 Bending tension on top (element in uniform stress), F.8.1.1 6063-T5 
Allowable stress: Ft_F.8.1.1_top 9.7ksi:=

 Bending tension on top (element in uniform stress), F.8.1.1-WELDED

6063-T5 
Allowable stress: Ft_F.8.1.1_top_w 4.8ksi:= Ft_F.8.1.1_top_w 4.8 ksi⋅=

 Bending tension on bottom (flexure in round tube), F.8.1.1 6061-T6 
Allowable stress: Ft_F.8.1.1_bot 19.5ksi:=

 Bending tension on bottom (flexure in round tube), F.8.1.1-WELDED 6061-T6 
Allowable stress: Ft_F.8.1.1_bot_w 9.1ksi:= t<3/8" 

 Bending tension in bottom (element in uniform stress), F.8.1.1-PARTIALLY WELD AFFECTED

 Tension Yielding

Fty_pipe Fty 1
0.337

0.736
−








⋅ Ftyw
0.337

0.736
⋅+ 25.842 ksi⋅=:=

Fty_pipe

1.65
15.662 ksi⋅=

 Tension Rupture

Ftu_pipe

Ftu

kt

1
0.337

0.736
−








⋅ Ftuw
0.337

0.736
⋅+ 31.59 ksi⋅=:=

Ftu_pipe

1.95
16.2 ksi⋅=

Allowable stress: Ft_F.8.1.1_bot_pw min
Ftu_pipe

1.95

Fty_pipe

1.65
, 









15.662 ksi⋅=:=
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 Bending compression on top (open shapes LTB), F.2.1

6063-T5 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.2.1

Lb

ry Cb
0.5⋅

:= SF.2.1 60=

Allowable stress: Fc_F.2.1_top 10.5 0.036 SF.2.1⋅−( ) ksi⋅ SF.2.1 119≤if

86996

SF.2.1
2

ksi⋅ 119 SF.2.1<if

:= Fc_F.2.1_top 8.3 ksi⋅=

 Bending compression on top (open shapes LTB), F.2.1-WELDED

6063-T5 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.2.1

Lb

ry Cb
0.5⋅

:= SF.2.1 60=

Allowable stress: Fc_F.2.1_top_w 5.3 0.016 SF.2.1⋅−( ) ksi⋅ SF.2.1 222≤if

86996

SF.2.1
2

ksi⋅ 222 SF.2.1<if

:= Fc_F.2.1_top_w 4.3 ksi⋅=

 Bending compression on bottom (closed shapes LTB), F.3.1

6061-T6 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sxbot⋅

Cb Iy J⋅( )0.5
:= SF.3.1 677.55=

Allowable stress: Fc_F.3.1_bot 23.9 0.238 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 1685≤if

23599

SF.3.1

ksi⋅ 1685 SF.3.1<if

:= Fc_F.3.1_bot 17.7 ksi⋅=
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 Bending compression on bottom (closed shapes LTB), F.3.1-WELDED

6061-T6 
Unbraced length: Lb 24in:= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sxbot⋅

Cb Iy J⋅( )0.5
:= SF.3.1 677.55=

Allowable stress: Fc_F.3.1_bot_w 10.2 0.085 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 6943≤if

23599

SF.3.1

ksi⋅ 6943 SF.3.1<if

:= t<3/8" Fc_F.3.1_bot_w 8 ksi⋅=

 Bending compression on bottom (closed shape LTB), F.3.1-PARTIALLY WELD AFFECTED t>3/8" 

Allowable stress: Fc_F.3.1_bot_pw Fc_F.3.1_bot 1
0.337

0.736
−








⋅ Fc_F.3.1_bot_w
0.337

0.736
⋅+








13.255 ksi⋅=:=

Fc_F.3.1_bot_pw 13.255 ksi⋅=

 Positive Bending

Allowable stress on top for positive bending: Fbc_top Fc_F.2.1_top_w 4.34 ksi⋅=:=

Allowable stress on bot for positive bending: Fbt_bot Ft_F.8.1.1_bot_pw 15.662 ksi⋅=:=

Allowable positive bending moment: Ma_pos_33 min Fbc_top Sxtop⋅ Fbt_bot Sxbot⋅, ( ) 7.754 kip ft⋅⋅=:=

 Negative Bending

Allowable stress on top for negative bending: Fbt_top Ft_F.8.1.1_top_w 4.8 ksi⋅=:=

Allowable stress on bot for negative bending: Fbc_bot Fc_F.3.1_bot_pw 13.255 ksi⋅=:=

Allowable negative bending moment: Ma_neg_33 min Fbt_top Sxtop⋅ Fbc_bot Sxbot⋅, Mr, ( ) 3.6 kip ft⋅⋅=:=

Negative bending limited to 3.6 kip-ft because of bracing requirements
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 Vertical shear,  G.2-WELDED

h over t ratio: SG.2
7.5in

0.375in
:= SG.2 20=

Allowable stress: Fv_G.2_w 2.9 ksi⋅( ) SG.2 56.7≤if

3.7 0.14 SG.2⋅−( ) ksi⋅ 56.7 SG.2< 177≤if

38665

SG.2
2









ksi⋅ 177 SG.2<if

:= Fv_G.2_w 2.9 ksi⋅=

Allowable shear: Va_33 5.5in 0.375⋅ in Fv_G.2_w⋅:= Va_33 5.981 kip⋅=

 Allowable Compression

 Axial compression (member buckling),  E.3 6063-T5 

Unbraced length: Lbx 22 ft⋅:= Lby 24in:=

Slenderness: SE.3 max
1.0 Lbx⋅

rx

1.0 Lby⋅

ry

, 








:= SE.3 70.157=

Allowable stress: Fc_E.3 8.9 0.037 SE.3⋅−( ) ksi⋅ 0 SE.3< 99≤if

51352

SE.3
2

ksi⋅ 99 SE.3<if

:= Fc_E.3 6.3 ksi⋅=

 Axial compression (member buckling), E.3-WELDED 6063-T5 

Unbraced length: Lbx 264 in⋅= Lby 24 in⋅=

Slenderness: SE.3 max
1.0 Lbx⋅

rx

1.0 Lby⋅

ry

, 








:= SE.3 70.157=

Allowable stress: Fc_E.3_w 4.5 0.016 SE.3⋅−( ) ksi⋅ 0 SE.3< 185≤if

51352

SE.3
2

ksi⋅ 185 SE.3<if

:= Fc_E.3_w 3.4 ksi⋅=
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 Uniform compression (flat elements supported on both edges), B.5.4.2 6063-T5 

Slenderness: SB.5.4.2
7.5in

0.375in
:= SB.5.4.2 20=

Allowable stress: Fc_B.5.4.2 9.7ksi SB.5.4.2 25.6≤if

11.8 0.083 SB.5.4.2⋅−( ) ksi⋅ 25.6 SB.5.4.2< 50≤if

382

SB.5.4.2

ksi⋅ 50 SB.5.4.2<if

:= Fc_B.5.4.2 9.7 ksi⋅=

 Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6063-T5 

Slenderness: SB.5.4.2
7.5in

0.375in
:= SB.5.4.2 20=

Allowable stress: Fc_B.5.4.2_w 4.8ksi SB.5.4.2 33.6≤if

6.1 0.038 SB.5.4.2⋅−( ) ksi⋅ 33.6 SB.5.4.2< 81≤if

247

SB.5.4.2

ksi⋅ 81 SB.5.4.2<if

:= Fc_B.5.4.2_w 4.8 ksi⋅=

 Uniform compression (curved elements supported on both edges), B.5.4.5 6061-T6 

Slenderness: SB.5.4.5
2in 0.125in−

2 0.125⋅ in
:= SB.5.4.5 7.5=

Allowable stress: Fc_B.5.4.5 21.2ksi SB.5.4.5 27.6≤if

26.2 0.944 SB.5.4.5
0.5⋅−



 ksi⋅ 27.6 SB.5.4.5< 141≤if

3776

SB.5.4.5 1
SB.5.4.5

0.5

35
+









2

⋅

ksi⋅ 141 SB.5.4.5<if

:= Fc_B.5.4.5 21.2 ksi⋅=
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 Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6061-T6 

Slenderness: SB.5.4.5
2in 0.125in−

2 0.125⋅ in
:= SB.5.4.5 7.5=

Allowable stress: Fc_B.5.4.5_w 9.1ksi SB.5.4.5 46.4≤if

11.8 0.396 SB.5.4.5
0.5⋅−



 ksi⋅ 46.4 SB.5.4.5< 390≤if

3776

SB.5.4.5 1
SB.5.4.5

0.5

35
+









2

⋅

ksi⋅ 390 SB.5.4.5<if

:= Fc_B.5.4.5_w 9.1 ksi⋅=

Allowable compression stress: Fc min Fc_E.3_w Fc_B.5.4.2_w, Fc_B.5.4.5_w, ( ) 3.377 ksi⋅=:=

Allowable compression: Pc_33 A Fc⋅:= Pc_33 20.687 kip⋅=
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 Allowable capacities based off of 3-Condtions above

Allowable Compression: Pa_c_3 min Pc_31 Pc_32, Pc_33, ( ) 18.107 kip⋅=:=

Allowable Positive Moment: Ma_pos_3 min Ma_pos_31 Ma_pos_32, Ma_pos_33, ( ) 7.004 kip ft⋅⋅=:=

Allowable Negative Moment: Ma_neg_3 min Ma_neg_31 Ma_neg_32, Ma_neg_33, ( ) 3.4 ft kip⋅=:=

Allowable Negative Moment: Va_3 min Va_31 Va_32, Va_33, ( ) 4.35 kip⋅=:=

 Stage I-Beam #3 - Loads

DEAD DLbeam3 10 psf⋅
9 ft⋅ 2.25 in⋅+

2









⋅ 45.938 plf⋅=:=

WIND

Tributary for beam: trib
9 ft⋅ 2.25 in⋅+

2









4.594 ft=:=

At 30 mph, the beam loads are:

Uplift WLup_30 1.6 psf⋅ trib⋅ 7.35 plf⋅=:=

Downward WLdown_30 1.7 psf⋅ trib⋅ 7.809 plf⋅=:=

At 50 mph, the beam loads are:

Uplift WLup_50 4.4 psf⋅ trib⋅ 20.213 plf⋅=:=

Downward WLdown_50 4.8 psf⋅ trib⋅ 22.05 plf⋅=:=
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 Stage I Beam #3 Check for DL + 30 mph Wind

Axial compression: Pb3 0lbf:=

Moment: Mx_pos_3 2.6kip ft⋅:= Mx_neg_3 2.6kip ft⋅:=

Shear: Vyb3 1290lbf:=

 Positive Bending

Combined utilization: utlh1_1

Pb3

Pa_c_3

Mx_pos_3

Ma_pos_3

+ 0.4=:=

check "OK" utlh1_1 1.0≤if

"NG" otherwise

"OK"=:=

 Negative Bending

Combined utilization: utlh1_1

Pb3

Pa_c_3

Mx_neg_3

Ma_neg_3

+ 0.765=:=

check "OK" utlh1_1 1.0≤if

"NG" otherwise

"OK"=:=
Check:

 Shear

Combined utilization: utlv

Vyb3

Va_3

0.297=:=

check "OK" utlv 1.0≤if

"NG" otherwise

"OK"=:=
Check:
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 Allowable Rigging Capacity of Stage I Beam #3

Maximum moment in Stage I-Beam #3 from RISA: Mmax 2.6 ft⋅ kip⋅:= for Load Combination DL+0.75L+0.75Whwap

Length of I-Beam #3: L3 22ft:=

 Allowable Capacity  Allowable Capacity For Reuse

UDL: UDL3_w

8 Ma_pos_3 Mmax−( )⋅

0.75 L3( )2⋅
:= UDL3_w 97.059 plf⋅= 0.85UDL3_w 82.5 plf⋅=

0.85UDL3_w L3⋅ 1815.008 lbf=

CPL: CPL3_w

4 Ma_pos_3 Mmax−( )⋅

0.75 L3⋅
:= CPL3_w 1067.652 lbf= 0.85CPL3_w 907.504 lbf=

TPL: TPL3_w

3 Ma_pos_3 Mmax−( )⋅

0.75 L3⋅
:= TPL3_w 800.739 lbf= 0.85TPL3_w 680.628 lbf=

QPL: QPL3_w

2 Ma_pos_3 Mmax−( )⋅

0.75L3

:= QPL3_w 533.826 lbf= 0.85QPL3_w 453.752 lbf=

Maximum moment in Stage I-Beam # from RISA: Mmax 2.2 ft⋅ kip⋅:= for Load Combination DL+LL

Length of I-Beam #3: L3 22 ft=

 Allowable Capacity  Allowable Capacity For Reuse

UDL3

8 Ma_pos_3 Mmax−( )⋅

L3
2

:= UDL3 79.406 plf⋅= 0.85UDL3 67.495 plf⋅=

0.85UDL3 L3⋅ 1484.893 lbf=

CPL3

4 Ma_pos_3 Mmax−( )⋅

L3

:= CPL3 873.466 lbf= 0.85CPL3 742.446 lbf=

TPL3

3 Ma_pos_3 Mmax−( )⋅

L3

:= TPL3 655.1 lbf= 0.85TPL3 556.835 lbf=

QPL3

2 Ma_pos_3 Mmax−( )⋅

L3

:= QPL3 436.733 lbf= 0.85QPL3 371.223 lbf=
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 Allowable Loads on Stage I Beam #3  Allowable Loads for Upstage Beam #3

UDL min UDL3 UDL3_w, ( ) 79.406 plf⋅=:= 0.85 UDL⋅ 67.495 plf⋅=

0.85UDL L3⋅ 1484.893 lbf=

CPL min CPL3 CPL3_w, ( ) 873.466 lbf=:= 0.85 CPL⋅ 742.446 lbf=

TPL min TPL3 TPL3_w, ( ) 655.1 lbf=:= 0.85 TPL⋅ 556.835 lbf=

QPL min QPL3 QPL3_w, ( ) 436.733 lbf=:= 0.85 QPL⋅ 371.223 lbf=

 Tower Support Beam

Beam is a 1" x 3" solid bar with hole for mounting to truss tower

 Bending tension (element in flexure), F.8.1.2

Allowable stress: Ft_F.8.1.2 27.6ksi:=

 Bending compression (rectangular bars LTB), F.4.2

Unbraced length: Lb 28in:= Cb 1.0:=

Slenderness: SF.4.2
3in

1in

Lb

Cb 3⋅ in









0.5

⋅:= SF.4.2 9.165=

Allowable stress: Fc_F.4.2 40.5 0.928 SF.4.2⋅−( ) ksi⋅ SF.4.2 29≤if

11420

SF.4.2
2

ksi⋅ 29 SF.4.2<if

:= Fc_F.4.2 32 ksi⋅=

 Bending compression in web (element in flexure), B.5.5.1

Slenderness: SB.5.5.1
3in

1.0in
:= SB.5.5.1 3=

Allowable stress: Fc_B.5.5.1 27.6 ksi⋅( ) SB.5.5.1 49.3≤if

40.5 0.262 SB.5.5.1⋅−( ) ksi⋅ 49.3 SB.5.5.1< 77<if

1563

SB.5.5.1

ksi⋅ 77 SB.5.5.1≤if

:= Fc_B.5.5.1 27.6 ksi⋅=
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Allowable bending stress: Fbx min Ft_F.8.1.2 Fc_F.4.2, Fc_B.5.5.1, ( ) 27.6 ksi⋅=:=

Allowable bending: Mbeam_allow
1in 3in 0.75in−( )

2⋅
6

Fbx⋅ 1.941 kip ft⋅⋅=:= > 1.8 kip-ft in model
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 Cross-Stage Frame Z

 6x6x1/4 Mast Tube Column

Material is 6061-T6.  This tube is welded at the channel frame members and where beam #1 frames into the top.  Use welded

properties to be conservative.  The K factors come from the AISC 360-10 sidesway uninhibited alignment chart.

 Section Properties

b 6in:= d 6in:= t 0.25in:= A 5.75in
2:= J 47.5in

4:=

Ix 31.7in
4:= Iy 31.7in

4:= Sx 10.6in
3:= Sy 10.6in

3:= rx 2.35in:= ry 2.35in:=

 Allowable Compression Capacity Ky 1.82:= Kx 1.7:=

 Axial compression (member buckling),  E.3

Unbraced length: Lbx 12.666 ft⋅:= Lby 12.666 ft⋅:=

Slenderness: SE.3 max
Kx Lbx⋅

rx

Ky Lby⋅

ry

, 








:= SE.3 117.713=

Allowable stress: Fc_E.3 20.3 0.127 SE.3⋅−( ) ksi⋅ 0 SE.3< 66<if

51352

SE.3
2

ksi⋅ 66 SE.3≤if

:= Fc_E.3 3.7 ksi⋅=

 Axial compression (member buckling), E.3-WELDED t<=3/8" 

Unbraced length: Lbx 12.666 ft= Lby 12.666 ft=

Slenderness: SE.3 max
Kx Lbx⋅

rx

Ky Lby⋅

ry

, 








:= SE.3 117.713=

Allowable stress: Fc_E.3_w 8.7 0.043 SE.3⋅−( ) ksi⋅ 0 SE.3< 133<if

51352

SE.3
2

ksi⋅ 133 SE.3≤if

:= Fc_E.3_w 3.6 ksi⋅=
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 Uniform compression (flat elements supported on both edges), B.5.4.2

Slenderness: SB.5.4.2
b

t
:= SB.5.4.2 24=

Allowable stress: Fc_B.5.4.2 21.2ksi SB.5.4.2 20.8≤if

27.3 0.291 SB.5.4.2⋅−( ) ksi⋅ 20.8 SB.5.4.2< 33<if

580

SB.5.4.2

ksi⋅ 33 SB.5.4.2≤if

:= Fc_B.5.4.2 20.3 ksi⋅=

 Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED t<=3/8" 

Slenderness: SB.5.4.2
b

t
:= SB.5.4.2 24=

Allowable stress: Fc_B.5.4.2_w 9.1ksi SB.5.4.2 28.2≤if

12.0 0.105 SB.5.4.2⋅−( ) ksi⋅ 28.2 SB.5.4.2< 58<if

346

SB.5.4.2

ksi⋅ 58 SB.5.4.2≤if

:= Fc_B.5.4.2_w 9.1 ksi⋅=

Allowable compression: Pc_6x6 A min Fc_E.3 Fc_B.5.4.2, ( )⋅:= Pc_6x6 21.31 kip⋅=

Allowable compression - WELDED: Pc_6x6_w A min Fc_E.3_w Fc_B.5.4.2_w, ( )⋅:= Pc_6x6_w 20.92 kip⋅=

 Allowable Bending Capacity

 Bending tension (element in uniform stress), F.8.1.1

Allowable stress: Ft_F.8.1.1 19.5ksi:=

 Bending tension (element in uniform stress), F.8.1.1-WELDED

Allowable stress: Ft_F.8.1.1_w 9.1ksi:= t<=3/8" 

 Bending tension (element in flexure), F.8.1.2

Allowable stress: Ft_F.8.1.2 27.6ksi:=

Project:16x20 Mobile Stage
CRE Project #: 13.533.01

53 of 77 Engineer: SSH/AJG
2/12/2014

CRE 122 of 150
02/12/14



Clark-Reder Engineering, Inc
4828 Business Center Way
Cincinnati, OH 45246

Phone (513) 851-1223
Fax (513) 297-0934
www.clarkreder.com

 Bending tension (element in flexure), F.8.1.2-WELDED

Allowable stress: Ft_F.8.1.2_w 11.8ksi:= t<=3/8" 

 Bending compression (closed shapes LTB), F.3.1

Unbraced length: Lb 12.666 ft⋅:= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sx⋅

Cb Iy J⋅( )0.5
:= SF.3.1 83.039=

Allowable stress: Fc_F.3.1 23.9 0.238 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 1685<if

23599

SF.3.1

ksi⋅ 1685 SF.3.1≤if

:= Fc_F.3.1 21.7 ksi⋅=

 Bending compression (closed shapes LTB), F.3.1-WELDED t<=3/8" 

Unbraced length: Lb 151.992 in⋅= Cb 1=

Slenderness: SF.3.1

2 Lb⋅ Sx⋅

Cb Iy J⋅( )0.5
:= SF.3.1 83.039=

Allowable stress: Fc_F.3.1_w 10.2 0.082 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 6943<if

23599

SF.3.1

ksi⋅ 9618 SF.3.1≤if

:= Fc_F.3.1_w 9.5 ksi⋅=

 Bending uniform compression (flat elements supported on both edges), B.5.4.2

Same as listed above for  Uniform compression (flat elements supported on both edges), B.5.4.2

Fc_B.5.4.2 20.3 ksi⋅=

 Bending uniform compression (flat elements supported on both edges), B.5.4.2-WELDED t<=3/8" 

Same as listed above for  Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED

Fc_B.5.4.2_w 9.1 ksi⋅=
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 Bending flexural compression (flat elements supported on both edges), B.5.5.1

Slenderness: SB.5.5.1
d

t
:= SB.5.5.1 24=

Allowable stress: Fc_B.5.5.1 27.6ksi SB.5.5.1 49.3≤if

40.5 0.262 SB.5.5.1⋅−( ) ksi⋅ 49.3 SB.5.5.1< 77≤if

1563

SB.5.5.1

ksi⋅ 77 SB.5.5.1<if

:= Fc_B.5.5.1 27.6 ksi⋅=

 Bending flexural compression (flat elements supported on both edges), B.5.5.1-WELDED t<=3/8" 

Slenderness: SB.5.5.1
d

t
:= SB.5.5.1 24=

Allowable stress: Fc_B.5.5.1_w 11.8ksi SB.5.5.1 64.2≤if

16.0 0.065 SB.5.5.1⋅−( ) ksi⋅ 64.2 SB.5.5.1< 123<if

982

SB.5.5.1

ksi⋅ 123 SB.5.5.1≤if

:= Fc_B.5.5.1_w 11.8 ksi⋅=

Allowable strong axis bending stress - UNWELDED: Fbx min Ft_F.8.1.1 Ft_F.8.1.2, Fc_F.3.1, Fc_B.5.4.2, Fc_B.5.5.1, ( ) 19.5 ksi⋅=:=

Allowable strong axis bending stress
WELDED:

Fbx_w min Ft_F.8.1.1_w Ft_F.8.1.2_w, Fc_F.3.1_w, Fc_B.5.4.2_w, Fc_B.5.5.1_w, ( ) 9.1 ksi⋅=:=

Allowable bending: M6x6 Sx Fbx⋅:= M6x6 17.225 kip ft⋅⋅=

Allowable compression - WELDED: M6x6_w Sx Fbx_w⋅:= M6x6_w 8.038 kip ft⋅⋅=
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 Vertical shear,  G.2-WELDED t<=3/8" 

h over t ratio: SG.2
d

t
:= SG.2 24=

Allowable stress: Fv_G.2_w 5.5 ksi⋅( ) SG.2 47.5≤if

7.3 0.038 SG.2⋅−( ) ksi⋅ 47.5 SG.2< 126<if

38665

SG.2
2









ksi⋅ 126 SG.2≤if

:= Fv_G.2_w 5.5 ksi⋅=

Allowable shear: V6x6_w 2 b 2t−( )⋅ t⋅ Fv_G.2_w⋅:= V6x6_w 15.125 kip⋅=

Worst case load combination is D+W40 Case B (wind off set 0.2B per ASCE7-05)

Axial compression: Axial6 1.6 kip⋅:=

Moment: Mx6 0.7 kip⋅ ft⋅:= My6 1.9 kip⋅ ft⋅:=

Shear: Vx6 300 lbf⋅:= Vy6 0 lbf⋅:=

Combined utilization: utlh1_1

Axial6

Pc_6x6_w

Mx6

M6x6_w

+
My6

M6x6_w

+ 0.4=:=

check "OK" utlh1_1 1.0≤if

"NG" otherwise

"OK"=:=
Check:
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 4x4x1/2 Mast Tube Column

Material is 6061-T6.  This tube is welded at the channel frame members and where beam #1 frames into the top.  Use welded

properties to be conservative.  The K factors come from the AISC 360-10 sidesway uninhibited alignment chart.

 Section Properties

b 4in:= d 4in:= t 0.5in:= A 7.0in
2:= J 21.4in

4:=

Ix 14.6in
4:= Iy 14.6in

4:= Sx 7.29in
3:= Sy 7.29in

3:= rx 1.44in:= ry 1.44in:=

 Allowable Compression Capacity Ky 1.75:= Kx 1.7:=

 Axial compression (member buckling),  E.3

Unbraced
length:

Lbx 12.666 ft⋅:= Lby 12.666 ft⋅:=

Slenderness: SE.3 max
Kx Lbx⋅

rx

Ky Lby⋅

ry

, 








:= SE.3 184.713=

Allowable stress: Fc_E.3 20.3 0.127 SE.3⋅−( ) ksi⋅ 0 SE.3< 66≤if

51352

SE.3
2

ksi⋅ 66 SE.3<if

:= Fc_E.3 1.5 ksi⋅=

 Axial compression (member buckling), E.3-WELDED t>3/8" 

Unbraced
length:

Lbx 12.666 ft= Lby 12.666 ft=

Slenderness: SE.3 max
Kx Lbx⋅

rx

Ky Lby⋅

ry

, 








:= SE.3 184.713=

Allowable stress: Fc_E.3_w 6.3 0.027 SE.3⋅−( ) ksi⋅ 0 SE.3< 157≤if

51352

SE.3
2

ksi⋅ 157 SE.3<if

:= Fc_E.3_w 1.5 ksi⋅=
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 Uniform compression (flat elements supported on both edges), B.5.4.2

Slenderness: SB.5.4.2
b

t
:= SB.5.4.2 8=

Allowable stress: Fc_B.5.4.2 21.2ksi SB.5.4.2 20.8≤if

27.3 0.291 SB.5.4.2⋅−( ) ksi⋅ 20.8 SB.5.4.2< 33≤if

580

SB.5.4.2

ksi⋅ 33 SB.5.4.2<if

:= Fc_B.5.4.2 21.2 ksi⋅=

 Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED t>3/8" 

Slenderness: SB.5.4.2
b

t
:= SB.5.4.2 8=

Allowable stress: Fc_B.5.4.2_w 6.7ksi SB.5.4.2 30.8≤if

8.6 0.063 SB.5.4.2⋅−( ) ksi⋅ 30.8 SB.5.4.2< 68≤if

293

SB.5.4.2

ksi⋅ 56 SB.5.4.2<if

:= Fc_B.5.4.2_w 6.7 ksi⋅=

Allowable compression: Pc_4x4 A min Fc_E.3 Fc_B.5.4.2, ( )⋅:= Pc_4x4 10.536 kip⋅=

Allowable compression - WELDED: Pc_4x4_w A min Fc_E.3_w Fc_B.5.4.2_w, ( )⋅:= Pc_4x4_w 10.536 kip⋅=

 Allowable Bending Capacity

 Bending tension (element in uniform stress), F.8.1.1

Allowable stress: Ft_F.8.1.1 19.5ksi:=

 Bending tension (element in uniform stress), F.8.1.1-WELDED

Allowable stress: Ft_F.8.1.1_w 6.7ksi:= t>3/8" 

 Bending tension (element in flexure), F.8.1.2

Allowable stress: Ft_F.8.1.2 27.6ksi:=
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 Bending tension (element in flexure), F.8.1.2-WELDED

Allowable stress: Ft_F.8.1.2_w 8.7ksi:= t>3/8" 

 Bending compression (closed shapes LTB), F.3.1

Unbraced length: Lb 12.666 ft⋅:= Cb 1.0:=

Slenderness: SF.3.1

2 Lb⋅ Sx⋅

Cb Iy J⋅( )0.5
:= SF.3.1 125.37=

Allowable stress: Fc_F.3.1 23.9 0.238 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 1685≤if

23599

SF.3.1

ksi⋅ 1685 SF.3.1<if

:= Fc_F.3.1 21.2 ksi⋅=

 Bending compression (closed shapes LTB), F.3.1-WELDED t>3/8" 

Unbraced length: Lb 151.992 in⋅= Cb 1=

Slenderness: SF.3.1

2 Lb⋅ Sx⋅

Cb Iy J⋅( )0.5
:= SF.3.1 125.37=

Allowable stress: Fc_F.3.1_w 7.4 0.05 SF.3.1
0.5⋅−



 ksi⋅ SF.3.1 9618≤if

23599

SF.3.1

ksi⋅ 9618 SF.3.1<if

:= Fc_F.3.1_w 6.8 ksi⋅=

 Bending uniform compression (flat elements supported on both edges), B.5.4.2

Slenderness: SB.5.4.2
b

t
:= SB.5.4.2 8=

Allowable stress: Fc_B.5.4.2 21.2ksi SB.5.4.2 20.8≤if

27.3 0.291 SB.5.4.2⋅−( ) ksi⋅ 20.8 SB.5.4.2< 33≤if

580

SB.5.4.2

ksi⋅ 33 SB.5.4.2<if

:= Fc_B.5.4.2 21.2 ksi⋅=
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 Bending uniform compression (flat elements supported on both edges), B.5.4.2-WELDED t>3/8" 

Slenderness: SB.5.4.2
b

t
:= SB.5.4.2 8=

Allowable stress: Fc_B.5.4.2_w 6.7ksi SB.5.4.2 30.8≤if

8.6 0.063 SB.5.4.2⋅−( ) ksi⋅ 30.8 SB.5.4.2< 68≤if

293

SB.5.4.2

ksi⋅ 68 SB.5.4.2<if

:= Fc_B.5.4.2_w 6.7 ksi⋅=

 Bending flexural compression (flat elements supported on both edges), B.5.5.1

Slenderness: SB.5.5.1
d

t
:= SB.5.5.1 8=

Allowable stress: Fc_B.5.5.1 27.6ksi SB.5.5.1 49.3≤if

40.5 0.262 SB.5.5.1⋅−( ) ksi⋅ 49.3 SB.5.5.1< 77≤if

1563

SB.5.5.1

ksi⋅ 77 SB.5.5.1<if

:= Fc_B.5.5.1 27.6 ksi⋅=

 Bending flexural compression (flat elements supported on both edges), B.5.5.1-WELDED t>3/8" 

Slenderness: SB.5.5.1
d

t
:= SB.5.5.1 8=

Allowable stress: Fc_B.5.5.1_w 8.7ksi SB.5.5.1 70.3≤if

11.4 0.039 SB.5.5.1⋅−( ) ksi⋅ 70.3 SB.5.5.1< 145≤if

830

SB.5.5.1

ksi⋅ 145 SB.5.5.1<if

:= Fc_B.5.5.1_w 8.7 ksi⋅=

Allowable strong axis bending stress - UNWELDED:Fbx min Ft_F.8.1.1 Ft_F.8.1.2, Fc_F.3.1, Fc_B.5.4.2, Fc_B.5.5.1, ( ) 19.5 ksi⋅=:=

Allowable strong axis bending stress
WELDED:

Fbx_w min Ft_F.8.1.1_w Ft_F.8.1.2_w, Fc_F.3.1_w, Fc_B.5.4.2_w, Fc_B.5.5.1_w, ( ) 6.7 ksi⋅=:=

Allowable bending: M4x4 Sx Fbx⋅:= M4x4 11.846 kip ft⋅⋅=

Allowable compression - WELDED: M4x4_w Sx Fbx_w⋅:= M4x4_w 4.07 kip ft⋅⋅=
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 Vertical shear,  G.2-WELDED t>3/8" 

h over t ratio: SG.2
d

t
:= SG.2 8=

Allowable stress: Fv_G.2_w 4.0 ksi⋅( ) SG.2 51.9≤if

5.2 0.023 SG.2⋅−( ) ksi⋅ 51.9 SG.2< 149≤if

38665

SG.2
2









ksi⋅ 126 SG.2<if

:= Fv_G.2_w 4 ksi⋅=

Allowable shear: V4x4_w 2 b 2t−( )⋅ t⋅ Fv_G.2_w⋅:= V4x4_w 12 kip⋅=

Axial compression: Axial4 2 kip⋅:=

Moment: Mx4 1.2kip ft⋅:= My4 1.9kip ft⋅:=

Shear: Vx4 300lbf:= Vy4 300lbf:=

Combined utilization: utlh1_1

Axial4

Pc_4x4

Mx4

M4x4

+
My4

M4x4

+ 0.452=:=

check "OK" utlh1_1 1.0≤if

"NG" otherwise

"OK"=:=
Check:

Project:16x20 Mobile Stage
CRE Project #: 13.533.01

61 of 77 Engineer: SSH/AJG
2/12/2014

CRE 130 of 150
02/12/14



Clark-Reder Engineering, Inc
4828 Business Center Way
Cincinnati, OH 45246

Phone (513) 851-1223
Fax (513) 297-0934
www.clarkreder.com

 Connections 

 3/16" Fillet weld allowable capacities

Per J.2.2.2 stress on a fillet weld shall be considered to be shear for any direction of applied load. 

Filler shear ultimate (4043): Fsuf 11.5ksi:=

Base metal shear ultimate welded (6063-T5): Fsuw 11ksi:= conservative 

Base metal tensile ultimate welded (6063-T5): Ftuw 17ksi:= conservative 

Safety factor: nu 1.95:=

Size of weld: Sw
3

16
in:=

Effective throat of fillet weld: throat
Sw

2
0.133 in⋅=:=

Weld nominal shear capacity: Fsw min Fsuf throat⋅ Fsuw Sw⋅, Ftuw Sw⋅, ( ) 1.525
kip

in
⋅=:=

Allowable shear force in fillet weld: weld316

Fsw

nu

:= weld316 0.782
kip

in
⋅=

 1/4" Fillet weld allowable capacities

Per J.2.2.2 stress on a fillet weld shall be considered to be shear for any direction of applied load. 

Filler shear ultimate (4043): Fsuf 11.5ksi:=

Base metal shear ultimate welded (6063-T5): Fsuw 11ksi:= conservative 

Base metal tensile ultimate welded (6063-T5): Ftuw 17ksi:= conservative 

Safety factor: nu 1.95:=

Size of weld: Sw
1

4
in:=

Effective throat of fillet weld: throat
Sw

2
0.177 in⋅=:=

Weld nominal shear capacity: Fsw min Fsuf throat⋅ Fsuw Sw⋅, Ftuw Sw⋅, ( ) 2.033
kip

in
⋅=:=

Allowable shear force in fillet weld: weld14

Fsw

nu

:= weld14 1.043
kip

in
⋅=
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 Welded connection of C6x3.0 Mast beams to 6x6 Mast Columns

Weld is 1/4" fillet weld all around.  Assume a 6" square 1/4" weld

Weld length: Lweld 6in:=

Weld section modulus: Sweld

Lweld
2

3
Lweld 6⋅ in+ 48

in
3

in
⋅=:=

Required weld capacity: weld
1.6kip ft⋅
Sweld









600lbf

4 Lweld⋅








+ 0.425
kip

in
⋅=:= weld14 1.043

kip

in
⋅=

Weld check: check "OK" weld weld14<if

"NG" otherwise

"OK"=:=

 3/8" Fillet weld allowable capacities

Per J.2.2.2 stress on a fillet weld shall be considered to be shear for any direction of applied load. 

Filler shear ultimate (4043): Fsuf 11.5ksi:=

Base metal shear ultimate welded (6063-T5): Fsuw 11ksi:= conservative 

Base metal tensile ultimate welded (6063-T5): Ftuw 17ksi:= conservative 

Safety factor: nu 1.95:=

Size of weld: Sw
3

8
in:=

Effective throat of fillet weld: throat
Sw

2
0.265 in⋅=:=

Weld nominal shear capacity: Fsw min Fsuf throat⋅ Fsuw Sw⋅, Ftuw Sw⋅, ( ) 3.049
kip

in
⋅=:=

Allowable shear force in fillet weld: weld38

Fsw

nu

:= weld38 1.564
kip

in
⋅=

Demand on weld: weld
Axial4

2 6⋅ in
0.167

kip

in
⋅=:=

Weld utilization: utlweld
weld

weld316

:= utlweld 0.213=

Check: checkweld "OK" utlweld 1.0≤if

"NO GOOD" otherwise

:= checkweld "OK"=
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 (2) C6x3.0 MAST BEAMS

Material is 6061-T6.  Use welded properties to be conservative.

 Section Properties for (1) Channel

b 1.945in:= d 6in:= t 0.343in:= tt 0.2in:= tw 0.225in:=
A 2.55in

2:=

Ix 13.6in
4:= Iy 0.73in

4:= Sx 4.52in
3:= Sy 0.51in

3:= rx 2.31in:= ry 0.54in:=

 Allowable Compression Capacity

 Axial compression (member buckling),  E.3

Unbraced
length:

Lbx 5.05 ft⋅:= Lby 5.05 ft⋅:=

Slenderness: SE.3 max
1.0 Lbx⋅

rx

1.0 Lby⋅

ry

, 








:= SE.3 112.222=

Allowable stress: Fc_E.3 20.3 0.127 SE.3⋅−( ) ksi⋅ 0 SE.3< 66≤if

51352

SE.3
2

ksi⋅ 66 SE.3<if

:= Fc_E.3 4.1 ksi⋅=

 Axial compression (member buckling), E.3-WELDED t<3/8" 

Unbraced
length:

Lbx 60.6 in⋅= Lby 60.6 in⋅=

Slenderness: SE.3 max
1.0 Lbx⋅

rx

1.0 Lby⋅

ry

, 








:= SE.3 112.222=

Allowable stress: Fc_E.3_w 8.7 0.043 SE.3⋅−( ) ksi⋅ 0 SE.3< 133≤if

51352

SE.3
2

ksi⋅ 133 SE.3<if

:= Fc_E.3_w 3.9 ksi⋅=
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 Uniform compression (flat elements supported on one edge), B.5.4.1

Slenderness: SB.5.4.1
b

t
:= SB.5.4.1 5.671=

Allowable stress: Fc_B.5.4.1 21.2ksi SB.5.4.1 6.7≤if

27.3 0.910 SB.5.4.1⋅−( ) ksi⋅ 6.7 SB.5.4.1< 12≤if

2417

SB.5.4.1

ksi⋅ 12 SB.5.4.1<if

:= Fc_B.5.4.1 21.2 ksi⋅=

 Uniform compression (flat elements supported on one edge) B.5.4.1-WELDED t<3/8" 

Slenderness: SB.5.4.1
b

t
:= SB.5.4.1 5.671=

Allowable stress: Fc_B.5.4.1_w 9.1ksi SB.5.4.1 9≤if

12 0.327 SB.5.4.1⋅−( ) ksi⋅ 9 SB.5.4.1< 25≤if

2417

SB.5.4.1
2

ksi⋅ 25 SB.5.4.1<if

:= Fc_B.5.4.1_w 9.1 ksi⋅=

 Uniform compression (flat elements supported on both edges), B.5.4.2

Slenderness: SB.5.4.2
d

tw

:= SB.5.4.2 26.667=

Allowable stress: Fc_B.5.4.2 21.2ksi SB.5.4.2 20.8≤if

27.3 0.291 SB.5.4.2⋅−( ) ksi⋅ 20.8 SB.5.4.2< 33≤if

580

SB.5.4.2

ksi⋅ 33 SB.5.4.2<if

:= Fc_B.5.4.2 19.5 ksi⋅=
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 Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED t<3/8" 

Slenderness: SB.5.4.2
d

tw

:= SB.5.4.2 26.667=

Allowable stress: Fc_B.5.4.2_w 9.1ksi SB.5.4.2 28.2≤if

12.0 0.105 SB.5.4.2⋅−( ) ksi⋅ 28.2 SB.5.4.2< 56≤if

346

SB.5.4.2

ksi⋅ 56 SB.5.4.2<if

:= Fc_B.5.4.2_w 9.1 ksi⋅=

Allowable compression stress: Fc min Fc_E.3 Fc_B.5.4.1, Fc_B.5.4.2, ( ) 4.078 ksi⋅=:=

Allowable compression stress-WELDED: Fc_w min Fc_E.3_w Fc_B.5.4.1_w, Fc_B.5.4.2_w, ( ) 3.874 ksi⋅=:=

Allowable compression: Pc_channel A Fc⋅:= Pc_channel 10.398 kip⋅=

Allowable compression - WELDED: Pc_channel_w A Fc_w⋅:= Pc_channel_w 9.88 kip⋅=

 Allowable Bending Capacity 

 Bending tension (element in uniform stress), F.8.1.1

Allowable stress: Ft_F.8.1.1 19.5ksi:=

 Bending tension (element in uniform stress), F.8.1.1-WELDED

Allowable stress: Ft_F.8.1.1_w 9.1ksi:= t<3/8" 

 Bending tension (element in flexure), F.8.1.2

Allowable stress: Ft_F.8.1.2 27.6ksi:=

 Bending tension (element in flexure), F.8.1.2-WELDED

Allowable stress: Ft_F.8.1.2_w 11.8ksi:= t<3/8" 
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 Bending compression (open shapes LTB), F.2.1

Unbraced length: Lb 5.05 ft⋅:= Cb 1.0:=

Slenderness: SF.2.1

Lb

ry Cb
0.5⋅

:= SF.2.1 112.222=

Allowable stress: Fc_F.2.1 23.9 0.124 SF.2.1⋅−( ) ksi⋅ SF.2.1 79≤if

86996

SF.2.1
2

ksi⋅ 79 SF.2.1<if

:= Fc_F.2.1 6.9 ksi⋅=

 Bending compression (open shapes LTB), F.2.1

Unbraced length: Lb 50in:= Cb 1.0:=

Slenderness: SF.2.1

Lb

ry Cb
0.5⋅

:= SF.2.1 92.593=

Allowable stress: Fc_F.2.1_w 10.2 0.043 SF.2.1⋅−( ) ksi⋅ SF.2.1 160≤if

86996

SF.2.1
2

ksi⋅ 160 SF.2.1<if

:= t<3/8" Fc_F.2.1_w 6.2 ksi⋅=

 Bending uniform compression (flat elements supported on one edge), B.5.4.1

Slenderness: SB.5.4.1
b

t
:= SB.5.4.1 5.671=

Allowable stress: Fc_B.5.4.1 21.2ksi SB.5.4.1 6.7≤if

27.3 0.910 SB.5.4.1⋅−( ) ksi⋅ 6.7 SB.5.4.1< 10.5≤if

186

SB.5.4.1

ksi⋅ 10.5 SB.5.4.1<if

:= Fc_B.5.4.1 21.2 ksi⋅=
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 Bending uniform compression (flat elements supported on one edge), B.5.4.1-WELDED t<3/8" 

Slenderness: SB.5.4.1
b

t
:= SB.5.4.1 5.671=

Allowable stress: Fc_B.5.4.1_w 9.1ksi SB.5.4.1 9.0≤if

12.0 0.327 SB.5.4.1⋅−( ) ksi⋅ 9.0 SB.5.4.1< 18.4≤if

111

SB.5.4.1

ksi⋅ 18.4 SB.5.4.1<if

:= Fc_B.5.4.1_w 9.1 ksi⋅=

 Bending flexural compression (flat elements supported on both edges), B.5.5.1

Slenderness: SB.5.5.1
d

tw

:= SB.5.5.1 26.667=

Allowable stress: Fc_B.5.5.1 27.6ksi SB.5.5.1 49.3≤if

40.5 0.262 SB.5.5.1⋅−( ) ksi⋅ 49.3 SB.5.5.1< 77≤if

1563

SB.5.5.1

ksi⋅ 77 SB.5.5.1<if

:= Fc_B.5.5.1 27.6 ksi⋅=

 Bending flexural compression (flat elements supported on both edges), B.5.5.1-WELDED t<3/8" 

Slenderness: SB.5.5.1
d

tw

:= SB.5.5.1 26.667=

Allowable stress: Fc_B.5.5.1_w 11.8ksi SB.5.5.1 64.2≤if

16.0 0.065 SB.5.5.1⋅−( ) ksi⋅ 64.2 SB.5.5.1< 123≤if

982

SB.5.5.1

ksi⋅ 123 SB.5.5.1<if

:= Fc_B.5.5.1_w 11.8 ksi⋅=

Allowable strong axis bending stress - UNWELDED:Fbx min Ft_F.8.1.1 Ft_F.8.1.2, Fc_F.2.1, Fc_B.5.4.1, Fc_B.5.5.1, ( ) 6.908 ksi⋅=:=

Allowable strong axis bending stress
WELDED:

Fbx_w min Ft_F.8.1.1_w Ft_F.8.1.2_w, Fc_F.2.1_w, Fc_B.5.4.1_w, Fc_B.5.5.1_w, ( ) 6.219 ksi⋅=:=

Allowable bending: Mx_beam Sx Fbx⋅:= Mx_beam 2.602 kip ft⋅⋅=

Sx 4.52 in
3⋅=

Allowable bending -WELDED: Mx_beam_w Sx Fbx_w⋅:= Mx_beam_w 2.342 kip ft⋅⋅=
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 Vertical shear,  G.2-WELDED

h over t ratio: SG.2
d

tw

:= SG.2 26.667=

Allowable stress: Fv_G.2_w 5.5 ksi⋅( ) SG.2 47.5≤if

7.3 0.038 SG.2⋅−( ) ksi⋅ 47.5 SG.2< 126≤if

38665

SG.2









ksi⋅ 126 SG.2<if

:= Fv_G.2_w 5.5 ksi⋅=

Allowable shear: Vbeam_w d tw⋅ Fv_G.2_w⋅:= Vbeam_w 7425 lbf=

Worst case member loads from RISA-3D. Fictitious load case where max loads from all load combos are assumed to act

concurrently at one location.

Axial compression: Axial 0lbf:=

Moment: Mx 1.6kip ft⋅:= My 0kip ft⋅:=

Shear: Vx 0lbf:= Vy 0.6kip:=

Worst case member loads from RISA-3D. Fictitious load case where max loads from all load combos are assumed to act

concurrently at one location.

Combined utilization: utlh1_1
0.5Axial

Pc_channel_w

0.5Mx

Mx_beam_w

+ 0.342=:=

check "OK" utlh1_1 1.0≤if

"NG" otherwise

"OK"=:=
Check:
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 Connection of RT6x6x1/4 to top of RT6x6x1/4 Mast Column

The horizontal RT6x6x1/4 bears on top of the RT6x6x1/4 column.  1/4" fillet weld is on the bottom, butt welds for the rest.

 Butt Weld Allowable capacities

 Tension capacity

Ultimate strength of weld: Ftuw min 24ksi 24ksi, ( ) 24 ksi⋅=:= minimum of base metal and 4043 filler

Affective weld area: Awe
3

4
0.125⋅ in:= throat of groove weld, conservatively assuming GTAW

Nominal strength of weld: Rn_tb Ftuw Awe⋅ 2.25
kip

in
⋅=:=

Allowable strength of weld: weldt_b

Rn_tb

1.95
1.154

kip

in
⋅=:=

 Shear capacity

Ultimate strength of weld: Fsuw min 15ksi 11.5ksi, ( ) 11.5 ksi⋅=:= minimum of base metal and 4043 filler

Affective weld area: Awe 0.094 in⋅= throat of groove weld 

Nominal strength of weld: Rn_sb Fsuw Awe⋅ 1.078
kip

in
⋅=:=

Allowable strength of weld: welds_b

Rn_sb

1.95
0.553

kip

in
⋅=:=

Moment on connection: Mconn 0.7kip ft⋅:=

Vertical shear on connection: Vy_conn 300lbf:=

Axial force from beam: Aconn 300lbf:=

Weld section modulus: Sweld
6in( )

2

3
12

in
3

in
⋅=:=

Demand on weld: weld
Mconn Aconn 2.5⋅ in+

Sweld

Vy_conn

4 5⋅ in
+









2
Aconn

5in 4⋅









2

+ 0.778
kip

in
⋅=:=
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Utilization of weld: utlweld
weld

weldt_b( ) 0.674=:=

Check check "OK" utlweld 1.0≤if

"NG" otherwise

"OK"=:=
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 Connections 

 3/16" Fillet weld allowable capacities

Per J.2.2.2 stress on a fillet weld shall be considered to be shear for any direction of applied load. 

Filler shear ultimate (4043): Fsuf 11.5ksi:=

Base metal shear ultimate welded (6063-T5): Fsuw 11ksi:= conservative 

Base metal tensile ultimate welded (6063-T5): Ftuw 17ksi:= conservative 

Safety factor: nu 1.95:=

Size of weld: Sw
3

16
in:=

Effective throat of fillet weld: throat
Sw

2
0.133 in⋅=:=

Weld nominal shear capacity: Fsw min Fsuf throat⋅ Fsuw Sw⋅, Ftuw Sw⋅, ( ) 1.525
kip

in
⋅=:=

Allowable shear force in fillet weld: weld316

Fsw

nu

:= weld316 0.782
kip

in
⋅=

 1/4" Fillet weld allowable capacities

Per J.2.2.2 stress on a fillet weld shall be considered to be shear for any direction of applied load. 

Filler shear ultimate (4043): Fsuf 11.5ksi:=

Base metal shear ultimate welded (6063-T5): Fsuw 11ksi:= conservative 

Base metal tensile ultimate welded (6063-T5): Ftuw 17ksi:= conservative 

Safety factor: nu 1.95:=

Size of weld: Sw
1

4
in:=

Effective throat of fillet weld: throat
Sw

2
0.177 in⋅=:=

Weld nominal shear capacity: Fsw min Fsuf throat⋅ Fsuw Sw⋅, Ftuw Sw⋅, ( ) 2.033
kip

in
⋅=:=

Allowable shear force in fillet weld: weld14

Fsw

nu

:= weld14 1.043
kip

in
⋅=
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 Connection of Beam #1 to RT6x6x1/4

Allowable bending stress for flat plate bending: fb_allow 11.8ksi:= <=0.375

Allowable shear stress for welded fv_allow 5.5ksi:= <=0.375

Total length of connection: Lconn 83.77in:=

Moment in connection: Mconn 1.95kip ft⋅:=

Section modulus of connection: Sconn 167.06
in

3

in
:=

Load at extreme weld: fb_conn

Mconn

Sconn

0.14
kip

in
⋅=:=
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 Forces on Welds from Moment

Moment on connection: Mconn 23.4 kip in⋅⋅=

 Demand on welds

Tension side: fw1

Mconn

217.3
in

3

in

0.108
kip

in
⋅=:= fw2

Mconn

272.3
in

3

in

0.086
kip

in
⋅=:= fw3

Mconn

1686.6
in

3

in

0.014
kip

in
⋅=:=

fw4

Mconn

4358.6
in

3

in

0.005
kip

in
⋅=:= fw5

Mconn

683.6
in

3

in

0.034
kip

in
⋅=:= fw6

Mconn

401.5
in

3

in

0.058
kip

in
⋅=:=

Compression side:

fw7

Mconn

268.5
in

3

in

0.087
kip

in
⋅=:= fw8

Mconn

210.4
in

3

in

0.111
kip

in
⋅=:= fw9

Mconn

167.1
in

3

in

0.14
kip

in
⋅=:=

 Forces on weld

T1 2 fw2 2.25⋅ in fw1 fw2−( ) 2.25in

2
⋅+








⋅ 435.645 lbf⋅=:=

T2 2 fw2 0.5625⋅ in( ) 96.676 lbf⋅=:=

T3 2 fw3 7.5⋅ in fw2 fw3−( ) 7.5in

2
⋅+








⋅ 0.749 kip⋅=:=

T4

fw3

2
2⋅ in π⋅ 0.72⋅ 31.382 lbf⋅=:=

Total tension force: Ttot T1 T2+ T3+ T4+ 1312.269 lbf=:=
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C1

fw4

2
2⋅ in π⋅ 0.28⋅ 4.723 lbf=:=

C2 2 fw4 3⋅ in fw5 fw4−( ) 3in

2
⋅+








⋅ 0.119 kip⋅=:=

C3 2 fw6 3⋅ in fw7 fw6−( ) 3in

2
⋅+








⋅ 0.436 kip⋅=:=

C4 2 fw8 3⋅ in fw9 fw8−( ) 3in

2
⋅+








⋅ 0.754 kip⋅=:=

Total compression force: Ctot C1 C2+ C3+ C4+ 1313.575 lbf=:=

 Wall bending check at bottom of gusset

Effective width of tube wall: bwall 5.5in:=

Allowable loads in tube wall:
Mwall_allow

bwall 0.25in( )
2⋅

6
fb_allow⋅ 0.676 kip in⋅⋅=:=

Vwall_allow bwall 0.25⋅ in fv_allow⋅ 7.563 kip⋅=:=

Allowable load at extreme weld: Pwall_allow min
Mwall_allow 8⋅

5.75in
Vwall_allow 2⋅, 









940.58 lbf=:=

check "OK" Pwall_allow C4>if

"NG" otherwise

"OK"=:=
Check: 

C4

Pwall_allow

0.801=
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 Wall bending check at top of connection

Effective width of tube wall: bwall 7.5in:=

Allowable loads in tube wall:
Mwall_allow

bwall 0.25in( )
2⋅

6
fb_allow⋅ 0.922 kip in⋅⋅=:=

Vwall_allow bwall 0.25⋅ in fv_allow⋅ 10.313 kip⋅=:=

Allowable load at extreme weld: Pwall_allow min
Mwall_allow 8⋅

5.75in
Vwall_allow 2⋅, 









1282.609 lbf=:=

Check: check "OK" Pwall_allow T1 T2+ T3+>if

"NG" otherwise

"OK"=:=
T1 T2+ T3+

Pwall_allow

0.999=
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 Speaker Beam

Beam is a 1" x 3" solid bar with holes for rigging.

 Bending tension (element in flexure), F.8.1.2

Allowable stress: Ft_F.8.1.2 27.6ksi:=

 Bending compression (rectangular bars LTB), F.4.2

Unbraced length: Lb 28in:= Cb 1.0:=

Slenderness: SF.4.2
3in

1in

Lb

Cb 3⋅ in









0.5

⋅:= SF.4.2 9.165=

Allowable stress: Fc_F.4.2 40.5 0.928 SF.4.2⋅−( ) ksi⋅ SF.4.2 29≤if

11420

SF.4.2
2

ksi⋅ 29 SF.4.2<if

:= Fc_F.4.2 32 ksi⋅=

 Bending compression in web (element in flexure), B.5.5.1

Slenderness: SB.5.5.1
3in

1.0in
:= SB.5.5.1 3=

Allowable stress: Fc_B.5.5.1 27.6 ksi⋅( ) SB.5.5.1 49.3≤if

40.5 0.262 SB.5.5.1⋅−( ) ksi⋅ 49.3 SB.5.5.1< 77<if

1563

SB.5.5.1

ksi⋅ 77 SB.5.5.1≤if

:= Fc_B.5.5.1 27.6 ksi⋅=

Allowable bending stress: Fbx min Ft_F.8.1.2 Fc_F.4.2, Fc_B.5.5.1, ( ) 27.6 ksi⋅=:=

Allowable bending: Mbeam_allow
1in 2.25in( )

2⋅
6

Fbx⋅ 1.941 kip ft⋅⋅=:=

Moment on speaker bar: Msp 825lbf 28⋅ in 1.925 kip ft⋅⋅=:= Allowable load is 825lbf.  With the 0.85 Reuse factor, the 
allowable load of the speaker beam is 700#

Utilization of speaker bar: utlsp

Msp

Mbeam_allow

0.992=:=
825 0.85⋅ 701.25=
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Stage I-Beam #1 Frame

SK - 1

stage-i-beam-1-frame x (MID).r3d

33.75lb

-1000lb -1000lb

11.25lb/ft

1.05lb/ft

11.25lb/ft

-12.75lb/ft

Y

XZ

Loads: LC 3, DL+0.75WL down+0.75WL lat (30)                                                 
Results for LC 2, DL+0.75WL up+0.75WL lat (30)                                                   
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Stage I-Beam #1 Frame

SK - 2

stage-i-beam-1-frame x (MID).r3d

1081.9 / 349.6
1270.2 / 527.6

1081.9

349.6

1081.9

349.6

1270.2

527.6

1270.2

527.6

98.7

34.7

Y

XZ

Results for LC 2, DL+0.75WL up+0.75WL lat (30)                                                   
Member Axial Forces (lb) (Enveloped)
Y-direction Reaction Units are lb and lb-ft (Enveloped)
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Stage I-Beam #1 Frame

SK - 3

stage-i-beam-1-frame x (MID).r3d

-68.6 / -142.9 -34.7 / -98.7

145.6

59.1

123.9

-49.1

108.3

37.1

103.7

36.5

81.9

-270.2

Y

XZ

Results for LC 2, DL+0.75WL up+0.75WL lat (30)                                                   
Member y Shear Forces (lb) (Enveloped)
X-direction Reaction Units are lb and lb-ft (Enveloped)
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Stage I-Beam #1 Frame

SK - 4

stage-i-beam-1-frame x (MID).r3d

-657

-329.6

-1171.9

-505.4

-173.3

-1370

1370

-1171.9

Y

XZ

Results for LC 2, DL+0.75WL up+0.75WL lat (30)                                                   
Member z Bending Moments (lb-ft) (Enveloped)
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