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4/14/2017
Klassic Sound, LLC
26 Alco Place
Baltimore, MD 21227
Attn: Mike Klass
RE: Apex 16x20in D.C. CRE Proj. No.: 17.501.15

Dear Mike:

This letter is to certify that the attached stamped calculations and drawings for the Apex 1620 Mobile Roof remains
in compliance with the current applicable building codes in Washington, D.C. As noted on page two of the attached
engineering report, the mobile stage is designed in accordance with the 2012 International Building Code, ASCE 7-
10, and the 2010 Aluminum Design Manual.

We trust this information is suitable for your needs at this time. Please do not hesitate to contact our office should
you have any questions or require any additional information.

Regards,

Clark-Reder Engineering, Inc.

Daniel J. Clark, P.E. Patrick Niehaus, P.E.
D.C. Registration #:PE905805

Clark-Reder Engineering, Inc. ® 10091 Mosteller Lane, West Chester, OH 45069-3873 ® Phone (513) 851-1223 @ Fax (513) 217-9388 ewww.clarkreder.com
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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”

* ANSIE 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 notin use.

»  Structural members will be checked in Mathcad.

Project: 16x20 Mobile Stage 1 of 21 Engineer: SSH/AJG
CRE Project #: 13.533.01 2/12/2014
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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 roofis 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 Il) v =30 mph Vhwap := 30 mph Vpan =20 mph
Exposure category = C (assume worst case)
Mean roof height = 16" hyean -= 160t maximum trim height approximately 16ft
Gust effect factor, G: G,:=0.85
Velocity pressure exposure coefficient: K, :=0.86
Topographic factor: K, =10
Wind directionality factor: K4:=0.85
Velocity pressure: ) 2
q, = 0.00256[K K [K (V) [psf q, = 1.684[psf
— 2 _
A, hwap = 0-00256 1K, K, K[V o) Bt A, hwap = 1-684(st
2
Ay, pan = 000256 KK, K[V}, ) Bsf A, ban = 0.7490sf
Project: 16x20 Mobile Stage 2 of 21 Engineer: SSH/AJG
CRE Project #: 13.533.01 2/12/2014
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Case #1 30 MPH Wind (w/ Scrim & Riqging)

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
B
— =1.375

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

CaseA&B

Force Coefficient for case A & B Cs AB = 14375

Ultimate sign wind pressure:

Service sign wind pressure: Ps scrim_hwap AB

Total service wind load for Case A& B: P

s_scrim_hwap AB -

Ps scrim_hwap ABL0-555)

Py scrim hwap AB*

= Pu_scrim_hwap AB ~

s/h ratio:

= qz_hwapm:f_ABEG = 2058Ebsf

2.0580psf

= Ps_scrim_hwap ABIBE = 724.3850bf

PS scrim_hwap ABL0-455)

top = = 398.412[0bf bot := = 325.9730bf
s ]
_ . . Ps scrim hwap AB
Distributed service wind load to top & bot Case A1 wy ¢.1im hwap A = = =—— = 32.9270If
W scrim_hwap_A [00-559) W scrim_hwap_A[00-455)
Wiop = S = 1811wy = S = 14.8170plf
Eccentricity for case B: Cscrim_hwap B ‘= 0.2[B = 4.4F
Project: 16x20 Mobile Stage 3 of 21 Engineer: SSH/AJG
CRE Project #: 13.533.01 2/12/2014
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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 = 161t

Perpendicular to wind surface: L := 22
. h
Ratio: E =0.727 6 := 2.5ldeg
Force coefficients: CNW_A =12 CNL_A =03

CNW_B =-1.1 CNL_B =-0.1

Ultimate pressure on roof:

Pu_uplift A hwap wind = 9z hwap CNwW_AG Pu_uplift A hwap_wind = 1-7180psf
Pu_uplift A_hwap lee ‘= 9z hwap ONL A0 Pu_uplifi A hwap_lee = 0-4290sf
pu_uplift_B_hwap_Wind = qz_hwap[cNW_Bm} pu_uplift_B_hwap_wind = —1.575[psf
Py uplift B_hwap lee = 9z _hwap ONL B0 Pu_uplift B hwap lee = ~0-1430sf

Service pressure on roof:

Ps uplift A hwap wind = Pu_uplift A hwap wind Ps uplift A hwap wind = 1-7180psf
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 = ~1-5750psf
Ps uplift B hwap lee -~ Pu_uplift B hwap lee Ps_ uplift B_hwap_lee = ~0-1430psf
Project: 16x20 Mobile Stage 4 of 21 Engineer: SSH/AJG
CRE Project #: 13.533.01 2/12/2014
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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_ AR = 0.8 CN_Bh =0.8 <h away from windward edge

Ultimate pressure on roof: Py_uplift A hwap = qz_hwapE(DN_ ARG Py_uplift A hwap = —-1.145[psf
Pu_uplift B_hwap = 9z hwap CN BhlC Py uplift B_hwap = 1-1450psf

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 = 1-1450psf

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 := 7t + 6[in

Sign height: s := 8[ft + 60

Total height: J := 16ft B/Sratio: = =0882 s ratio: == 0531
S

CaseA&B
Force Coefficient for case A & B G = 175

Ultimate sign wind pressure: Py fg hwap AB = qZ_hwap[(Ef_ ABLG Py fg hwap AB = 2.5050psf
Service sign wind pressure: Ps fg hwap AB ‘= Pu_fg hwap AB Ps fg hwap AB = 2.5050psf
Project: 16x20 Mobile Stage 5 of 21 Engineer: SSH/AJG
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Lateral pressure on beams and mast

will not be reduced by 0.6

Truss members: Ag 1= 22ft002.667ft

Agoig = 22t0ft + 202.667f[0.5t

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

Ag = 278.674 ft2

2
ASOlid = 34.667ft

A .
AT :)hd € =0.124
g
Determine Cf:  Cy:=2.0 &<0.1
Ultimate lateral pressure on beam: Wy wind beam = 9 hwap[(Dfm}Elft Wy wind beam = 2-863If
Service lateral pressure on beam: We wind beam -= Wu wind beam Ws wind beam = 2-863@If
Ultimate lateral load on mast: Wy wind mast == 9z hwap[(Ef[(l}[O.Sft Wy wind mast = 1-4320pIf
Service lateral pressure on mast: We wind mast = Wu wind mast Ws wind mast = 1-43201f
Project: 16x20 Mobile Stage 6 of 21 Engineer: SSH/AJG
CRE Project #: 13.533.01 2/12/2014
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Wind Pressure on handrail fiberglass

Sign Dimensions

Sign Width: Bsign = 200t
Top of sign height: hsign = 43[hh
Vertical dimension of sign: Ssign = 42in
B..
. sign
Aspect ratio, B/s: B over s := 81— 6.286
Ssign
. Ssign
Clearance ratio, s/h: s over h := = 0.977
sign
C, CASE A & CASE B
Clearance Aspect Ratio, Bis
Ratio, sth =0.05 0.1 0.2 0.5 1 2 4 5 0 20 30 =45
1 1.80 1,70 1.65 1.55 1,45 1,40 1.35 1.35 1.30 1.30 1.30 1.30
09 1.85 1.75 1,70 1.60 1.55 1,50 1,45 1.45 1,40 1.40 1.40 1.40
0.7 1.90 1.85 1,75 1,70 1.65 1,60 1.60 1.55 1,55 1.55 1,55 1.55
05 1.95 1,85 1,80 175 1,75 1,70 1,70 1,70 1,70 1,70 1,70 1.75
0.3 1.95 1.90 1,85 1,80 1,80 1,80 1,80 1.80 1,80 1.85 1.85 1,85
0.2 195 1.90 1.85 1,80 1,80 1,80 1.80 1.80 1.85 1.90 1.90 1.95
=016 1.85 1.90 1.85 1.85 1.80 1.80 1.85 1.85 1.85 1.80 1.80 1.95
C,. CASE C
Region Region
Jherizontal Aspect Ratio, Bis {horizona Aspact Ratla, Bis
distance fom disianze fom
WIEEN SI0E) 2 3 4 5 [ 7 & a i windward sge| 13 = 45
Dios 2,25 280 2.90 3.10° 3.30° 3.40° 3.65° 365" a.75" 0ios 400" 430"
slo 28 1.50 1.70 1.90 2.00 215 295 230 235 245 | sw2s | 260 2.55
2stods 1.15 1.30 1.45 1.55 1.65 1.70 1.75 1.85 2sto 3s 2.00 1.95
35 to 105 1.10 1.05 1.05 1.05 1.05 1.00 0.95 dstods 1.50 1.85
- - 45 lo 55 1.35 1.85
Vahies skl be rulliplied Is wction Faclor = | PLAN VIEW OF WALL OR SI5N WITH
ry:hnalmng reduction :'3' Fiod E.HGF ! i A RETURN CORMER 52 o 105 0.90 1.10
achor when a relum EE
i Y s e A
CaseA&B
Force coefficient:  Ce 4 p = 1.34
Case A & B sign ultimate wind pressures Py sign AB ‘= qz_hwap[cf_ABEB Py sign AB = 1.918[psf
Case A & B sign service wind pressures Ps sien AB = 0'6mu_sign_AB Ps sign AB = 1.151[psf
Case A & B ultimate total sign wind load: Pu_sign_ AB = Py_sign ABEBsignmsign 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 7 of 21 Engineer: SSH/AJG
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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_Os = 3.325
Region from s to 2s from windward edge: Cf_C_st =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_3les = 1.05
Basic Wind Speed

Case C Regions's Ultimate Sign Wind Pressures

Py_sign C_0s ‘= 9z_hwap'Cf C_ 050
Py sign C_s2s ‘= 9z_hwap'Cf C 5250
Py sign C_2s3s = 9z_hwap'Cf C 25350

Py sign C_3s10s = 9z_hwap'Cf C 3s10sC

Case C Regions's Service Sign Wind Pressures

Ps sign C_0s ‘= 90Py sign C 0s

Ps sign C s2s = 0-6By sign C 525

Ps sign C 2s3s = 0-6By sion C 2s3s
Ps sign C 3s10s = 0-6By sign C 3s10s

Case C Region's Ultimate Sign Wind Load

Pu_sign_C_Os = pu_sign_C_OsGsignBsign
Pu_sign_C_sZs = pu_sign_C_sZsGsignIEsign
Pu_sign_C_Zs3s = pu_sign_C_253sGsignEsign

Py sign C 3s10s = Pu_sign C_3s10s{B_over_s = 3)[;o,Sqi0n

Py sign C_0s = 4.760psf

Py sign C_s2s = 3-1140psf
Py sign C 2s3s = 2:2550psf

Py sign C 3s10s = 1-:5030psf

pS_Sigl’l_C_OS = 2856@Sf
Ps sign C s2s = 1-868[psf
Py sign C 2s3s = 2:2550psf

Ps sign C 3s10s = 0-9020psf

P = 0.058kip

u_sign C Os

P = 0.038[kip

u_sign C s2s

P = 0.028kip

u_sign C 2s3s

P = 0.061 &ip

u_sign C 3s10s

Project: 16x20 Mobile Stage 8 of 21
CRE Project #: 13.533.01
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Case C Region's Service Sign Wind Load

P

P

P

P

s sign C 0s "
s sign C s2s -~
s sign C 2s3s =

s sign C 3s10s -~

u_sign C Os
u_sign C s2s
u_sign C 2s3s

u_sign C 3s10s

Py sign C 0s = 0.035Kip
Ps sien € s2s = 0:023[Kip
Ps sien € 2535 = 0.017Kip
p = 0.036[Rip

s _sign C 3s10s

Project: 16x20 Mobile Stage
CRE Project #: 13.533.01
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Case #2 30 MPH Wind (No Scrim or Riqging)

Roof uplift pressure

degs up from the horizontal.

Roof uplift pressure for wind in upstage/downstage direction:

be reduced by 0.6
Height of structure: h = 161t

Perpendicular to wind surface: L =22ft
. h
Ratio: Z =0.727 6 = 2.5[deg

Force coefficients: CNW_A =12 CNL_A =03
CNW_B =-1.1 CNL_B =-0.1
Ultimate pressure onroof:  p, uplift A wind = 4, Cnw ALG
Pu_uplift A_lee = 9ZONL AG
Py uplift B_wind = 92/Cnw BIG
Py uplift B lee = 9/CNL_BO
Service pressure onroof:  Ps_uplift A_wind -~ Pu_uplift A_wind
Ps uplift A lee -~ Pu_uplift A lee
Ps uplift B wind = Pu_uplift B_ wind

Ps uplift B lee "~ Pu_uplift B lee

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

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

Py_uplift A_wind = 1-7180pst
Pu_uplift A_lee = 0-4290pst
Py uplift B wind = ~1-5750pst
Py uplift B lee = ~0-1430psf
Ps uplift A_wind = 1-7180pst
Ps uplift A lee = 0.4290psf

Ps uplift B_wind = ~1-5750psf

Ps uplift B_lee = ~0-1430psf

Project: 16x20 Mobile Stage 10 of 21
CRE Project #: 13.533.01
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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: Py_uplift A = qZ[(DN_ ARG Py_uplift A = —1.145[psf
Py uplift B = 9[CN_BhG Py uplift B = 1-1450psf

Service pressure on roof: Ps uplift A ‘= Pu_uplift A Ps uplift A = —1.1450psf
Ps_uplift B -~ Pu_uplift B Ps uplift B = 1-1450psf

Project: 16x20 Mobile Stage 11 of 21 Engineer: SSH/AJG
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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:
%.— 22£t2.667ft

Asolig, = 22ft0ft + 2002.6671t[0.51t

_ Asolid
P
Ag

Determine Cf: Le=20 €< 0.1

Ultimate lateral pressure on beam: Wanwindwbeany = 4z CeGOT

Service lateral pressure on beam: Wemwindwbeany = Wu_wind_beam

Ultimate lateral load on mast:

Wm = qZIIEfE]} [0.5ft

Service lateral pressure on mast: Wevwindvmast = Wu_wind_mast

Wind Pressures on crosstage fiberglass

Ag = 278.674 ft2

2
ASOlid = 34.667ft

€ =0.124

Wu_wind beam = 2-863If
Ws wind beam = 2-863BIf
Wu_ wind mast = 1-4320pIf
Ws wind mast = 1-4320BIf

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 := 7t + 6[in

Sign height: s := 8[ft + 60

. . B .
Total height: h := 16ft B/S ratio: — =0.882 s/h ratio: i = 0.531

S

CaseA&B

Force Coefficient for case A & B G = 175

Ultimate sign wind pressure: Py fg AB = q,[Cs ARG Py fg AB = 2.5050psf

Service sign wind pressure: Ps fo AB = Pu_fg AB Ps fg AB = 2.5050psf

Project: 16x20 Mobile Stage 12 of 21 Engineer: SSH/AJG

CRE Project #: 13.533.01
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Wind Pressure on handrail fiberglass
Sign Dimensions
Sign Width: B.. = 22[ft
g AVBASRY
Top of sign height: h.. = 430nh
p of sign heig e,
Vertical dimension of sign:s_. . := 42in
g AMBRERY
B .
. sign
Aspect ratio, B/s: B over s := —28 = 6286
s .
sign
. Ssign
Clearance ratio, s/h: s over h := = 0.977
MAWAWAAAN .
sign
C, CASE A & CASE B
Clearancs Aspect Ratio, Bis
Ratio, sth =005 01 0.2 05 1 2 4 5 10 20 an =45
1 1,80 1.70 1,65 1,55 1,45 1,40 1.35 1.35 1.30 1.30 1.30 1.30
0.9 1,85 1,75 1,70 1,60 1,55 1,50 1,45 1.45 1,40 1.40 1.40 1.40
0.7 1,90 1,85 1.75 1,70 1,65 1,60 1,60 1,55 1.55 1.55 1.55 1.55
0.5 1,95 1,85 1,60 1,75 1,75 1,70 1,70 1.70 1,70 1.70 1.70 1,75
0.3 1,95 1,90 1.685 1,80 1,80 1,60 1,80 1.80 1.80 1.85 1.85 1.85
0.2 1,95 1.90 1.685 1,80 1,80 1.680 1.80 1.80 1.85 1.90 1.90 1.95
=016 1.85 1.80 1.85 1.85 1.80 1.80 1.85 1.85 1.85 1.90 1.80 1.85
C, CASE C
Region ) Region
Jherizontal Aspect Ratio, Bis {horizona Aspact Ratla, Bis
distance Mo distence fem
WIEEN SI0E) 2 3 4 5 [ 7 & a i windward sge| 13 = 45
Dios 225 280 2.90 3.10° 3.30° 340" 355" 3. 65" 375" Oios 400" 430"
s to 25 1.50 1.70 1.0 2.00 215 2.5 2.30 2.35 245 s lo 25 2,60 255
25 to s 1,15 1,30 1.45 1,55 1,65 1.70 1.75 1.85 2sto 3z 2.00 1.85
35 to 108 1,10 1.05 1.05 1.05 1.05 1.00 0.35 dstods 1.50 1.85
- 4z lo 5s 1.35 1.85
“Valies shall be mulliplied Is wction Faclor == | PLAN VIE'W OF WALL DR SIGN WITH
iy the: falowing reduction :'3' Fiod an ! L-$ A RETURM CORKER S5 to 108 .90 1.10
facior when a relum — =
n rl . 14 0.78 =105 0.55 0.55
e s prese iz 160 ﬁl:l B |
CaseA&B
Force coefficient: ChmaR = 1.34
Case A & B sign ultimate wind pressures RewsignwAB, = qZ[(Ef_AB[(G Py sign AB = 1.918psf
Case A & B sign service wind pressures RemsignmhB = 0'6mu_sign_AB Ps sign AB = 1.1510psf
Case A & B ultimate total sign wind load: M@FM:: pu_sign_AB[Bsignmsign Pu_sign_AB = 0.148[kip
Case A & B service total sign wind load: W:: 0'6[Pu_sign_AB Ps_sign_AB = 0.089[kip
Project: 16x20 Mobile Stage 13 of 21 Engineer: SSH/AJG
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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: Cﬁ_g_gg = 3.325
Region from s to 2s from windward edge: Cﬁ_g_m =2.175
Region from 2s to 3s from windward edge:  Cg = 5o = 1.575
Region from 3s to 10s from windward edge: Cg  5010.:= 1.05

Basic Wind Speed

Case C Regions's Ultimate Sign Wind Pressures
Ruwsignwends: = 92 ¢ 050
Ruwsignwenszs = 92 ¢ 52510
Ruwsignnnasds =~ 921Cf C 253510
RusignnGrdsios = 921Cf C 351050

Case C Regions's Service Sign Wind Pressures
RemsignmGnds = 0'6pu_sign_C_0s
RemsignaGwsds = 0'6mu_sign_C_525
Revsignm@nsds = 0-6By sign C 2s3s
RavsignwGudstOs ™ 0-0By sign C 3s10s

Case C Region's Ultimate Sign Wind Load
Wﬂv:: pu_sign_C_OsGsignBsign
Mgﬂg@g&@&:: pu_sign_C_sZsGsignIEsign
W:: pu_sign_C_253sGsignEsign
Ruvsigmv@ndslfs'= Pu_sign C_3s10s¢B_over_s = 3)lgion[gi0n

Py sign C_0s = 4.760psf

Py sign C_s2s = 3-1140psf
Py sign C 2s3s = 2:2550psf

Py sign C 3s10s = 1-:5030psf

pS_Sigl’l_C_OS = 2856@Sf
pS_Sigl’l_C_SZS = 1868@Sf
Py sign C 2s3s = 2:2550psf

Ps sign C 3s10s = 0-9020psf

P = 0.058kip

u_sign C Os

P = 0.038[kip

u_sign C s2s

P = 0.028kip

u_sign C 2s3s

P = 0.061 &ip

u_sign C 3s10s
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Case C Region's Service Sign Wind Load

LsusiganGids= 0-0Py sion C 0s

LsuwsiganGusds = 06y sion C 525

LsusiganGrsds = 0-0Py sion C 2s3s

LsusiganGnrdsits = 0-0Py sion C 3s10s

PS_SigIl_C_OS = 0035[&1})
PS_SigIl_C_SZS = 0023th
Ps sien € 2535 = 0.017Kip

P = 0.036[kip

s _sign C 3s10s

Project: 16x20 Mobile Stage
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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 = 161t

Perpendicular to wind surface: L =22ft

. h
Ratio: Z =0.727 6 = 2.5[deg

Force coefficients: CNW_A =12 CNL_A =03
CNW_B =-1.1 CNL_B =-0.1
Ultimate pressure on roof:  py yplifi ban_A_wind = 9z_banCNw_AlG Pu_uplift A_wind = 1.7180psf
Py_uplif bant A_lee = 9z banONL A0 Pu_uplift A lee = 0-4290sf
Py_uplift ban B_wind = qz_banm:NW_Bm} Py _uplift B wind = —-1.575[psf
Pu_uplif bant B lee = qz_ban[cNL_Bm} Pu_uplift B lee = —0.143[psf
Service pressure on roof:  Ps_uplift_ban_A_wind = Pu_uplift_A_wind Ps uplift A wind = 1.7180psf
Ps_uplif bant A lee = Pu_uplift A _lee Ps_uplift A_lee = 0-4290sf
Ps uplift ban B_wind = Pu_uplift B_wind Ps uplift B wind = ~1-5750sf
Ps uplif bant B lee -~ Pu_uplift B lee Ps_uplift B lee = ~0-1430psf
Project: 16x20 Mobile Stage 16 of 21 Engineer: SSH/AJG
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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: NovAbn = -0.8 CN_qu =0.8 <h away from windward edge

Ultimate pressure on roof: Py_uplift ban A = qz_banE(EN_ ARG Py_uplift ban A = -0.5090psf
Py_uplift ban_ B = 9z ban'®N BT Py_uplift ban B = 0-5090psf

Service pressure on roof: Ps uplift ban A hwap -~ Pu_uplift ban A Ps uplift ban A_hwap = ~0-509psf
Ps uplift ban B _hwap ‘= Pu_uplift ban B Ps_uplift ban B_hwap = 0-509psf

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,:= 700t + 60

Sign height: s := 8[ft + 60

Total height: J := 16ft BiSraio: = =0882  shrafio: =053
S

CaseA&B

Force Coefficient for case A & B G = 175

Ultimate sign wind pressure: Py fg ban AB ‘= qz_ban[cf_ ABG Py fg ban AB = 1.1130psf

Service sign wind pressure: Ps fo ban AB = Pu_fg ban AB Ps fg ban AB = 1.113[psf
Project: 16x20 Mobile Stage 17 of 21 Engineer: SSH/AJG
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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, 1= 221t + 2[(4[ft) = 301t

Sign height: s := 16ft + 420 = 19.5ft

. . B .
Total height: h := 16ft + 42fn = 19.5ft B/Sratio: — =1.538 s/h ratio: i =1
S
CaseA&B
Force Coefficientforcase A& B Cg¢ 2 p i= 1.425
Ultimate sign wind pressure: Pu scrim ban AB = 9z ban'Cr ARG = 0.907[psf

Service sign wind pressure: Ps scrim_ban AB ‘= Pu_scrim_ban_AB = 0.907psf

Total service wind load for Case A& B:  Pg .inh ban AB = Ps scrim ban ABBE = 530.40400bf

Po oo [00.55s) Po oo [00.455)
ban AB ban AB
fop, = — = 201.722bf gt = —— e = 238.68200bf
s s
- . . Ps scrim ban AB
Distributed service wind load to top & bot Case A: Ws serim_ban A T T }; = = 17.68plf
We serim ban A0-555) We serim ban A0:455)
Wigp ban = —— 2“— = 9.7240plf Whot ban = ——— 2“— = 7.956[plf
Eccentricity for case B: €scrim ban B = 0-20B = 60t
Project: 16x20 Mobile Stage 18 of 21 Engineer: SSH/AJG
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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. IfAa 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.

Service seismic load: Vg0 = 0.7[8kipEoeff37_02

Ay =04

coeff37_02 = 02D\a coeff37_02 =0.08

% = 0.448[kip

seismic

Vyyind = 22f06fBg erim hwap AB = 0-7241kip

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.

1 f+31 f [fit + 50n
M __(1800b 335Db)é6 50hn)

resist = 5 5 roof and floor dead load on center

supports x moment arm

M

resist = 7-917&ipli

30 MPH (D+W) - Backwall scrim

Main trailer frame/Floor O

Overturning moment on one half:

- 6Ft + 50in)
Mot 30 = 0.7P5 scrim hwap ABT(22MO2.67)D.67ft + 3 33M22ME.330H] + 0.5m1.57smsf[22[ﬂt[8.167ﬁﬂt)[-§27

Mo 30 = 4688 RiplTt

M o
. t
Overturning FOS: FOS,., 70 = ——2 = 1,689 check := |"OK" if FOS . 20> 1.67 = "OK"
ot 30 7 yr - ot 30
0
B "NO GOOD" otherwise
Slldlng force: Pshde = 07PS scrim hwap AB PSlldC = 507.069 1bf
- . 18000bf + 31350bf
Sliding resistance: Rgjide = 0.3[$ ) = 740.251bf
R ;-
. ) _ —slide
Overturning FOS: FOSsl_3O = — = 1.46 Say OK
slide
Project: 16x20 Mobile Stage 20 of 21 Engineer: SSH/AJG
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20 MPH (D+W) - Backwall scrim & Banner

Main trailer frame/Floor O

Overturning moment on one half:

- 68t + 50in)
Mot 20 = 0.7 scrim_ban ABI(30MO6.17M) 01,421t + 333M220M3.330] + 0.5m1.57smsfm[ﬂt[8.167tﬂt)é27

Mot 20 = 4492(kip(Hi

M g
. t
Overturning FOS:  FOSy, 59 = Mrem = 1.762 check = ["OK" if FOS,, 5y 2 1.67 = "OK"
- ot 20 B
B "NO GOOD" otherwise
Sliding force: PS]I'S‘E = 0'77Ps_scrim_ban_AB PSlldC = 408.4111bf

|:$1800|]bf +31350bf)

Sliding resistance: Relide, .= 03 > = 740.251bf
Overturning FOS: = Sstide = 1.813
gros: FQdamse=5 =1 Say OK
slide
Project: 16x20 Mobile Stage 21 of 21 Engineer: SSH/AJG
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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”

* ANSIE 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 notin use.

»  Structural members will be checked in Mathcad or Excel.

Project:1620 Mobile Roof 10f 48 Engineer:SSH/AJG
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Floor Weights

Weight of the steel DLg tee] = 190psf

Weight of the aluminum DLy 1y = 70sf

Average weight of the floor over the entire area

. DLﬂ_steel +D Lﬂ_alum

DLﬂoor "

Roof Weight DL, of := 100psf

Axle Weight DLy e = 60000bf

: DLyjo0r = 130sf

Project:1620 Mobile Roof
CRE Project #: 13.533.01
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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: DLgeck = 7-50psf

Controlling live load capacity: LLgeck = S0Dsf

Plywood Decking 1-Way

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

Deck live load: deckp 1 := 100psf
Deck dead load: deckpy = 2.3psf 3/4" plywood
Load duration factor: Cp:=10 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.

(deckLL i deckDL) m2Eﬂt)2
8

Moment on plywood: Mplywood el s = assuming only 2-span is conservative.

!bf G
Mplywood_deck = 6138 ft

1bf [in bf [

Allowable Moment: = 750T[(DD =750
t

M34in plywood_allow *

check := |"OK" if M34in plywood allow 2 Mplywood deck = "OK"
"NG" otherwise

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

WILL NOT CONTROL DESIGN
Project:1620 Mobile Roof 3 0f48 Engineer:SSH/AJG
CRE Project #: 13.533.01 2/12/2014
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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[i|n2
Depth: h = 2[h
Width: b := 2in
Flange thickness: t:= 0.1160n
i 4 4
Moment of inertia: L, = 0.486[h Iy = 0.486[
Section modulus: Sy = 0.486|3h3 Sy = 0.486|3h3
Radius of gyration: 1y := 0.7610n Iy = 0.76100n
Plastic Section modulus: Z, = 0.584[i|n3 Zy = 0.584[i|n3
Torsional constant: A= 0.796[i|n4
Material Properties
Modulus of elasticity: Eg = 29000(ksi Factor of Safety: Q) = 1.67
Yield Strength (HSS): Fy := 46ksi
bitratio: b t:= b%m = 14.241
hitratio: h_t:= h%m = 14.241
Project:1620 Mobile Roof 4 0of 48 Engineer:SSH/AJG
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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.

’E
b overt: COMPheck = | "Compact” if max(b_t,h_t) < 1.12 F_S
y

E

’ E
"Noncompact" if 1.12 =< max(b t,h t) < 1.4 v

Fy
ES " "
"Slender" if max(b_t,h t) > 14 T COMP heck = Compact
y

<4

’E
h overt: flexpheck = [ "Compact” if max(b_t,h_t) < 2.42 F_S
y

E

E
"Noncompact" if 2.42 =< max(b_t,h t) < 5.7 =
Fy - Fy

E
"Slender" if max(b t,h t) > 5.7[] F—s flex peck = "Compact”
y
Member Allowable Forces
Strong (X) Axis - Allowable Flexural Capacity AISC 360-10 Section F7

Section is compact, only yielding applies

Nominal & Allowable Moment

My = FyZy = 26.864iplh  (F7-1)

nx

Allowable Moment about X axis: Mx_allow_2218 = ? = 1.341[RipHit
Project:1620 Mobile Roof 50f48 Engineer:SSH/AJG
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Weak (Y) Axis - Allowable Flexural Capacity AISC 360-10 Section F7

Section is compact, only yielding applies

Nominal & Allowable Moment

= = i F7-1
Mny' Fy[Zy 26.864kipLn  (F7-1)

Allowable Moment about Y axis:

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

Distance between corner: hV = h-3[=1.6520h

Web buckling coefficient: k=5

@ per G5

My allow 2218 =

M
— = | 341 mipH
0

Web Shear Coefficient: C, = |10 1f — / (G2:3)
1. IOE\y T
if 1.10 v s

hy, t F (G2-4)

— y

t

LSIEGE, .
p otherwise
h, (G2-5)
— | F
t y _
C, =10
Shear Area: Ay = 2B,@= 03830h°  per G5
Nominal & Allowable Shear
Vny = O.6[FymWIZ(EV = 10.578&kip  (G2-1)
v y
Allowable Y axis Shear: Vy_allow_2218 = — = 6.334[kip
Project:1620 Mobile Roof 6 of 48 Engineer:SSH/AJG
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Weak (X) Axis - Allowable Shear Capacity

Distance between flanges:

AISC 360-10 Section G5

by, = b -3 = 1.652[h

Web buckling coefficient: k=5 perG5
- bV kVIZES
Web Shear Coefficient: Cwi= [1.0 if - < 1.10 = (G2-3)
y
k [E
110 ; S k,E. b k E
b—yifl.lo/VS<—Vsl.37 v S o
by Fy t Fy (G2-4)
t
LSIE R, .
p otherwise
by, (G2-5)
— | F
t y _
C, =10
Shear Area: Awa:= 2B, B = 03830 per G5

Nominal & Allowable Shear

Vi = 0.6 A [T, = 10.578[Kip

Allowable X axis Shear:

Allowable Compression Capacity

(G2-1)

nx .
Vx_allow_2218 = o = 6.334%ip

AISC 360-10 Section E3

Unbraced length for X,Y axis: L, =20 Ly = 20t
1O, l.OEILy
Column Slenderness ratio: klr, = = 31.537 klry = = 31.537 klr := max(klrx,klry) =31.537
I'X I'y
712[1}38
Euler Buckling Stress: F = — = 287.769ksi (E3-4)

klr

Project:1620 Mobile Roof
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F
N . Fe Eg
Critical Compression Stress: F. = 0.658 Ele if kIr < 4.71/F: (E3-2) F . = 43.023[Ksi
y
0.877[F, otherwise (E3-3)

F. [A

Allowable Compression: P allow 2218 = % = 21.64[kip

Allowable Torsion Capacity AISC 360-10 Section H3.1

HSS Torsional constant: . := 2((b - t)(h - - 4.5(4 - )T C = 0.8170°
Critical stress:
hV ES
Fem= O.6|]Fy if - <245 T (H33)
y
ES
0.6DFy 2.45 T = h 5
- YL if 245 |[— < — <307 | — s
hy Fy t Fy (H3-4)
t
2
0.458[ [Eg Eq h,
> if 3.07 T < — <260 (H35)
h, y !
t
F., = 27.6[Ksi
Nominal torsion: Ty = Ferl€ = 22.561iplin - (H3-1)
TI]
Allowable Torsion: Tallow_2218 = E = 1.126[RipHit
Project:1620 Mobile Roof 8 of 48 Engineer:SSH/AJG
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Allowable Capacity Summary for HSS 2x2x1/8

Strong axis bending:

Weak axis bending

Weak axis shear:

Strong axis shear:

Long strut compression:

Torsion:

Member Check
Member spacing:

Dead load of stage deck:
Live load on stage deck:

Total load on stage deck:

My allow 2218 = 1.341Kiplt

" T Maliow 2218 = min(My aliow 2218'Mx_allow 2218)
y allow 2218 = ' 1p

Vx_allow 2218 = 6-334[Kip
, Vallow 2218 := min (Vy_allow_221 8+ Vx_allow 221 8)
Vy allow 2218 = 6-334[Kip

Pe allow 2218 = 21.64&ip

Tallow 2218 = 1.126[Riptk

space := 2[fit
DLjeck = 7-50pst DL := DLk Space
LLgeck = SO00psf LL := LL jo .k Space

w:=DL+LL = 115BIf

Length between supports: L := 5.42[ft
Overhang each side: a ;= 20.10hn
Center of beam: X = % =271t
End reaction from 2218: = (DL + LL) (80t = 460[bf
Bending in tube (refer to RISA model and output below): Miype = 1 Ript
B . camn S SR nnEams e R e e i -

Shear in tube:

Compression in tube:

wil
Viube = 7 = 311.651bf

Ciube = 2650bf 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
A\
Shear utilization: Viatio = tube = 0.049
Vallow 2218
checkgponr = ["OK" if Vi 4, < 1.0 ="OK"
"NG" otherwise
Flexure check
Bending utilization: M . Muybe — 0746
ratio "~ -
Mallow 2218
checkponq = | "OK" if Mpp4i0 < 1.0 ="OK"
"NG" otherwise
Axial check c
Axial utilization: A ratio := tube =0.012
P c_allow 2218
checkyyiap i= | "OK" if A _ratio < 1.0 ="OK"

"NG" otherwise

Combined Axial and Flexure check:

C M
combined = tube + 3 tube if A ratio = 0.2
Pe allow 2218 9 Mallow 2218
Ctube Muube .
otherwise
2 allow 2218 Mallow 2218
check.obined == | "OK" if combined < 1.0 = "OK"

"NG" otherwise

By inspection, the larger HSS section, HSS2x3x1/8, is OK as well.

=0.752
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Trailer frame wide flange check

Section Properties for W12x14

Area:
Depth:
Web thickness:

Flange width:

Flange thickness:

Fillet:

Distance between fillet:

Effective radius of gyration:

Distance between flg centroids:

Moment of inertia:

Section modulus:

Radius of gyration:

Plastic Section modulus:

Torsional constant:

Warping constant:

Material Properties

Yield Strength (channel):

A = 41600
d := 11.90h
ty = 0.20h
by = 3.970n
tp 1= 0.2250n
k := 0.5250n
.= 10.3750n
Iyg = 0.9610n
hy := 11.70n

_ 4
I, = 88.600n

3

Syi= 14.90n
r, := 4.620n

= 17.400°
Z,:=17.

4
J := 0.07040n
Cyy = 80.400n°
W Dl .

JFye = SOksi

1, = 2360
Sy 11900’
ry := 0.7530n

Z,:= 1.9O|:iln3

Factor of Safety: Q) = 1.67
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Strong (x) Axis - Allowable Flexural Capacity AISC 360-10 Section F2

Unbraced length: Ly = 20t

E
Limiting unbraced length for limit state of yielding: Lp = 1.76Ey y—s =2.66ft (F2-5) e=1 (F2-8b)
FY
Limiting unbraced length for limit state of E i 0.7F. S_.[h 2
inelastic lateral-torsional buckling: L, = 1.950, — 1+ [1+6760—23>=2| =771 (F2-6)
r S 0.7F, [ S, E, @
y X0 S
Yielding
= = i F2-1
Mp : FyEZX 72.5R/iplit (F2-1)
Lateral Torsional Buckling Cp = 1.0  perAISC 360-10 F1

When Lp <Lb <Lr: Mn_LTBl = Cbl%(Mp) - (Mp _ O'mFyBx) (be - Lp)

(Lr - Lp)

} = 76.28Ripdt  (F2-2)

When Lb > Lr:

2
G I EELbX
S

2
3 1+0.078F——[—— | = 463.39[ksi (F2-4)
ﬁ SXEEO I
Ttg

Mn_LTB2 = FCI'IEX = 575376‘]1113[& (F2'3)

Nominal & Allowable Moment

= i <
M= [Mp 1f Loy < Lp M, = 72.5Riplit
min(My, [7g1.Mp) if Ly < Ly S L,

min ( Mn_LTB2 , Mp) otherwise

M
. _nx .
Allowable Moment about X axis: Mx_allow = T = 43.413 Eiplft
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Weak (y) Axis - Allowable Flexural Capacity AISC 360-10 Section F6

Nominal & Allowable Moment

Yielding M mm(Fy[zy,lémy[sy):7.917uhptﬂt (F6-1)

Flange Local Buckling

RZ0IBE pratior g o= 3 = 8822

com = | "Compact" if b t< 0.38 V

"Noncompact" if 0. 38? — <bt<l. Oﬁ
Eg

"Slender" if b t > 1.000 —
FY

Flange local buckling does not apply.

COMP heck = Compact”

. M
All leM t ty :
owable Moment about Y axis —— ny _ 4741 RiplHt
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Strong (y) Axis - Allowable Shear Capacity

Distance between flanges: h =T =10.3750n

AISC 360-10 Section G2

Web buckling coefficient: k=5 if — =519 <260 {)/gig/i/:wb; 260 for
tw unstiffened webs
.. kVDES
Web Shear Coefficient: Cwi= |10 if —<1.10 F (G2:3)
Yy
k
110 ; : k E k E
- Y ipqg0 |2l oyay [ o
h y ty Fy (G2-4)
te
LS1E &, .
5 otherwise
(hj (G2-5)
w C, =10
Shear Area: A= i, = 2.38[i|n2
Nominal & Allowable Shear
VIFW = O.6[FyB\WIZ(EV =714hp (G2-1)
Allowable Y axis Shear: = ny i
owable Y axis Shear: Vy_allow .—? = 42.754kip
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Weak (x) Axis - Allowable Shear Capacity

AISC 360-10 Section G7

Web buckling coefficient: k=12 per section G7
Web Shear Coefficient:
bg ky[Eg
Cwi= |10 if —<1.10 - (G2-3)
tw y
k E
110 ; : k,E. b k E
Y ipqa0 |2« Loqay [ G24
b F F (G2-4)
_f y y
LS1ER,, .
Q3 otherwise (G2-5)
be
Gy C, =10
Shear Area: D= 20l = 1.787Eh2
Nominal & Allowable Shear
Vo= O.6[FyD\WIZ(EV = 53.595[kip (G2-1)
. VI]X
Allowable X axis Shear: Vi allow = e = 32.093[kip

Allowable Compression Capacity & Compression Stress

AISC 360-10 Section E3

Unbraced length for X,Y axis: o= 2ft JWA:: 2t
1O, l.OEILy
Column Slenderness ratio: M:: =5.195 W:: = 31.873 Kl .= max(klrx,klr ) = 31.873
I'X I'y y
712[1}38
Euler Buckling Stress: Lo = — = 281.751[ksi (E34) Q:=1.0
Kklr
QlFy,
i . (S ES
Critical Compression Stress: Feor= | QL0.658) [Fy if klr <471 | —  (E3-2) F. = 46.421[&si
y
0.877[F, otherwise (E3-3)
F A
Allowable Compression: Fe allow = = 115.635ip
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Allowable Capacity Summary for W12x14

Strong axis bending:

Weak axis bending

Weak axis shear:

Strong axis shear:

Compression:
Member Check
Member spacing:

Dead load of stage deck:

6700
DL, := DLﬂ_Steelﬂz— = 72.865pIf

M = 43.413Mkiplt

x_allow

M

y allow = 4741 Rip(t

v = 32.093kip

x_allow

v = 42.754kip

y_allow

F = 115.635&ip

c_allow

Spage, .= S.42[t equivalent spacing based off of one floor 1 loaded

DLﬂ_steel = 19|35f DLﬂ_alum = 7me

j8_.08333[ﬂt
DL, = DLﬂ_alum

2

6.42

=== | = 33.512BIf
%5.42) ?

DL,y := DLy + DL, = 106.377(pIf

Live load on stage deck:

6700
LLy = LL g B = 191.750pIf

2
LL;yt = LLg +LLy =

Total load on stage deck:

Length between supports:

Bending in beam:

Shearin beam:

Compression in beam:

LLdCCk = SOEbsf

6.42

[é_

5.42

8.08333 [t

5 ﬂ = 239.368[pIf

LLal = LLdeck[E

431.118[pIf

.= DLgq + LLy, = 537.4950pIf

o= 20,4200
2
w .
i}
Vwip = —— = 5487.8191bf

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.
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Shear check

Shear utilization:

Flexure check

Bending utilization:

Axial check

Axial utilization:

A"
W12
Y ation = V— =0.128
y_allow
checkpoan = ["OK" if Vi, < 1.0 ="OK"
"NG" otherwise
M
W12
Miation = M— = 0.645
x_allow
checkpond, = | "OK" if M0 < 1.0 ="OK"
"NG" otherwise
C
12
= Wiz = 0.002
Fc_allow
sheekosial, = | "OK" if A_ratio <10 ="OK"

"NG" otherwise

Combined Axial and Flexure check:

C M
W12 8 W12
Sombined, := +— if A ratio = 0.2
Fc_alllow 9 Mx_allow
Cwi2 My 12 :
+ otherwise
2 IJFc_allow Mx_allow
sheekcombined = | "OK" if combined < 1.0 = "OK"

"NG" otherwise

= 0.646
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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 HSS2'/,x27/,x"/5. To be conservative, the extension will be assumed to cantilever the full height.

Jack Reaction: Pjack :

Allowable Compression Capacity

= 1.336[Eip

AISC 360-10 Section E3

Yield strength of tube: /\E\y/:: 46[ksi
Unbraced length for X,Y axis: L= 30
Column Slenderness ratio: = 210 = 78.342
0,965 0N

. o _ 2

Cross sectional area of jack: Ajack = 1.070n
712[1}35
Euler Buckling Stress: Fe= — = 46.635[ksi  (E34)
Klr
By
L. . Fe ES
Critical Compression Stress: Fer= [0.658 Ele if klr £4.71 | — (E3-2) F . = 30.441[Ksi
y
0.877[F, otherwise (E3-3)
F..[A;
. k
Allowable Compression: Pc_allow = _Lack 19.504kip
Check: check ;= ["OK" if Pc_allow > Pjack check = "OK"
"NG" otherwise
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Hinge Bolts
Bolted %/3" Grade 8 Bolt
Bolt check
Bolt diameter: dpolt = %Eh
Bolt area: T 2 _ 2
Apolt = 7 [pore = 01100
Tension in (1) bolt: Tpot -= 0 = Olip No tension on bolt.
hearin (1) bolt: 9200bf
Shearin (1) bo Vpolt =~ = 4601bf
. . T bolt
Bolt tension capacity: Ty port := 0.75050&silA ¢ = 12.425Kip T1 bolt allow = 2——0 = 6.213[kip
. , , V1 bolt ,

Bolt shear capacity: V1 bolt := 0-4050silAy ;= 6.627Kip V1 bolt allow == - = 3.313Eip
Bolt check: m:: "OK" if Vl bolt allow = VbOlt = "OK"

"NO GOOD" otherwise

v
1 _bolt
Actual factor of safety:  FOS := LD =144
Violt
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Folding Stage Deck RT2x2x1/8
Material is 6061-T6. Both welded and unwelded properties will be calculated below.

Section Properties

AIQN:: 2in QN:: 2in = 0.125in /\AN\N:: 0.938in2 = 0.824in4 wt == 1.10plf
=0 2'4 =0 2'4 S =0 2'3 S. =0 2'3 = 0.767i = 0.767i
»lm'_ .552in »lvy/" .552in S .552in Sy = .552in o = .7671n va/" .7671n

Allowable Bending Capacity

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

Allowable stress: Fi Fg11°= 19.5ksi

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

Allowable stress: Fi F811 w'= 9.1ksi 1<3/8"

Bending tension (element in flexure), F.8.1.2

Allowable stress: Fi F812 = 27.6ksi

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

Allowable stress: Fi F812 w'= 11.8Kksi 1<3/8"

Bending compression (closed shapes LTB), F.3.1

Unbraced length: Ly := (7t + 90n) Sm= 1.0
20,84
Slenderness: S = S = 152.237
F.3.1 0.5 F.3.1
Cb(lym)
Allowable stress: Fc_F.3.1 = (23.9—0.238[$F_3_10'5>Dlsi if Spyq <1685 Fc_F.3.1 = 21[ksi
23599
[ksi if 1685 < Sp 3
SF3.1
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Bending compression (closed shapes LTB), F.3.1-WELDED t<3/8"

Unbraced length: Ly, = 930 Cp=1
208,
Slenderness: SEdudn= — Sg3q = 152.237
Cb(lym)
All | _ _ 0.5\ . . _ .
owable stress: Fc_F.3.1_w = |110.2 -0.08208 5 4 ksi if Sp 3| < 6943 Fc_F.3.1_w = 9.2[Rsi
23599

F.3.1

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

b
Slenderness: SB540 =~ Sp.s5.4.0 =106
5.4, ; 5.4,

Allowable stress:  F, g 549 := |21.2ksi if Sg 545 <20.8 F. B5.4.2 = 21.2[ksi
(273 -02918p 5 4 5) Esi if 20.8 < S 545 <33

580

SB.5.4.2

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

Slenderness: SBudan= b SB.54.2 =16

Allowable stress: FC B.542 w = | 9.1ksi if SB542 <282 FC B542 w = 9.1[ksi
(12.0-0.1058p 5 4 o) si if 282 < Sp 54, < 56

346

SB.5.4.2

Project:1620 Mobile Roof 21 0of 48 Engineer:SSH/AJG
CRE Project #: 13.533.01 2/12/2014

CRE 42 of 150
02/12/14



A | .
Clark-Reder Engineering, Inc Phone (513) 851-1223
4828 Business Center Way CLARK REDER Fax (513) 297-0934

Cincinnati, OH 45246 S L % www.clarkreder.com
ENGINEERING

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

d
Slenderness: Sg551 == Spss.1 =16
5.5, ; .5.5.

Allowable stress: FC B.5.5.1 = |27.6ksi if SBSSI <493 FC B.5.5.1 = 27.6lksi
(405 -0.2628p 5 5 1) Esi if 49.3< S 551 <77

1563

SB.5.5.1

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

: -d -
Slenderness: SBuvinde = = 8B.s5.5.1 =16

t

Allowable stress: FC B.551 w = | 11.8ksi if SB551 < 64.2 FC B551 w = 11.8[Ksi
(16.0-0.06508p 5 5 1) si if 64.2< S 551 < 123

982
——[&si if 123<Sp 55

SB.5.5.1

Allowable strong axis bending stress - UNWELDED:

Fpx = min(Ft_F.S.l.l Ft F8.1.2:Fc Fa.1 ’Fc_B.5.4.2'Fc_B.5.5.1) = 19.5[ksi

Allowable strong axis moment -UNWELDED: M, 35;g = Sy, M,y 3218 = 10.764Kiplih

Allowable strong axis bending stress - WELDED:

Fpx w = min(Ft_F.S.l.l_w’Ft_F.8.1.2_w’Fc_F.3.1_w’Fc_B.5.4.2_w’Fc_B.S.S.l_w) = 9.1[Ksi

Allowable strong axis bending - WELDED: M, 3518 w ‘= SxFpx w M,y 3218 w = 3-023Riplih
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Vertical shear, G.2-WELDED <3/8"

h overtratio: SGg.2 ::% Sga =16
Allowable stress: Fv_G.Z_w = | (5.5si) if SGo <475 Fv_G.Z_w = 5.5Mksi

(7.3 -0.0388G ) &si if 47.5 < S 5 < 126

(@jmsi if 126 < S 5

SG.2
Allowable shear: Vay_32l8_w = 20b - 2t)EIZlFV_G.2_W Vay_3218_w = 2.406[kip

Member Check
Member spacing: trib := 2t
Dead load of stage deck: DI goo1.:= 7sf DL, = DLk b
Live load on stage deck:  LLgo. = SO0psf Lo = LL gk Hrib

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

Length of tube: L= (8t + 10h) —b = 7.917 1t
WIZIL2
Bending in beam: MRy = T = 0.893[Ripit
. m
Shear in beam: VRT2 = WT = 451.251bf

Torsion due to mounted bracket assembly
P ., = 1.336[kip reaction from RISA of total platform load (DL+LL) when platform is opened
ec := 30n eccentricity of bracket location attached to tube

Trea = Pregléc = 4.008Kiplin  Torsion on tube from bracket
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Member Checks
Moment: MX_3218 = MRT2 MX_3218_W = Oklp[ih MX_3218_WT = Oklp[ih
Shear: Vy_3218 = VRT2
Torsion: L= T
Flexure utilization: Mx_3218 worst case bending utilization
utl, = ————| = 0.996
Max 3218
Vy 3218 T . .
Shear stresses: fy = —= + = 5.463[Ksi worst case combined conservative
20d 20[(d - t)[(b — t)
fV
Shear utilization: utl, '= —— =0.993
FV_G.2_W
My 3218
M
Combined: ax_3218
v . -2
My 3218 w ) yz_m312118 "2 gﬂhpﬁl; 099
-t -t
utl = (MX— WL - M=M= 1] | _| .27
ax 3218 w L v.G2 w i 0.986
- ——
5 || Yy3218 .\ T
MX_3218_WT of L 20d Zmd - t) mb - t)_ max(utl) = 0.996
|\ Max 3218 w) | Fy G2 w 1]
check ;= |["OK" if max(utl) < 1.0 = "OK"
"NG" otherwise
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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 4= 2in 1= 0.25in A= 17500 1:= 1.34in" WL,:= 2.06plf

_ .4 _ . 4 __ .3 __ .3 . . . .
I :=0911lin  I,:=0911lin S, :=0.911lin »§»y/" 0.911in o = 0.722in r. .= 0.722in

AR A ARy

Allowable Bending Capacity

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

Allowable stress: S Sorborba = 19.5ksi

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

Allowable stress: E B St = 9.1ksi 1<3/8"

Bending tension (element in flexure), F.8.1.2

Allowable stress: R T R 27.6ksi

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

Allowable stress: PR I = 11.8ksi 1<3/8"

Bending compression (closed shapes LTB), F.3.1

Y

Unbraced length: T4 := 99.25in = 8.271ft Sm= 1.0
204,08,
Slenderness: S Sk 3.1 = 163.669
0.5 e
Cb(lym)
Allowable stress: FonBedoly = (23.9—0.238E$F_3_10'5>Dlsi if Spyq <1685 F. F3.1 = 2090&si
23599
——[&si if 1685 < Sp 3
SF3.1
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Bending compression (closed shapes LTB), F.3.1-WELDED t<3/8"

Unbraced length: Ly = 99.250h Cp=1
208,
Slenderness: SEdudn= — Sk 3.1 = 163.669
Cb(lym)
Allowable stress: F;_EB i (10.2 - 0.082E$F.3.10'5)|]15i if Sp3q <6943 Fc_F.3.1_w = 9.2[Rsi
23599

F.3.1

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

Slenderness: SBudan= b SBs5.42 =8

Allowable stress:  F. o < 49 = |21.2ksi if Sg 545 <20.8 F. B5.4.2 = 21.2[ksi
(273 -02918p 5 4 5) Esi if 20.8 < S 545 <33

580

SB.5.4.2

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

Slenderness: SBudan= b SB542 =8

Allowable stress:  Fo b s 40 = |9.1ksi if Sg 549 <282 F. B542 w = 9-1&si
(12.0-0.1058p 5 4 o) si if 28.2< Sp 54, < 56

346

SB.5.4.2
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Bending flexural compression (flat elements supported on both edges), B.5.5.1

Slenderness: SBussdn= SB.s5.s5.1 =8

d
t
Allowable stress: FS Br5a5ul = |27.6ksi if SBSSI <493 FC_BSSI = 27.6lksi
(405 -0.2628p 5 5 1) Esi if 49.3< S 551 <77

1563

SB.5.5.1

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

d

Slenderness: SBSS = < Sps5.5.1 =8

Allowable stress:  Fo b < o1 = | 11.8ksi if Sp 545 < 64.2 F. B55.1 w = 11.8si
(16.0-0.06508p 5 5 1) si if 64.2< S 551 < 123

982
——[&si if 123<Sp 55

SB.5.5.1

Allowable strong axis bending stress - UNWELDED:

Kow = min(Ft_F.S.l.l Ft F8.1.2:Fc Fa.1 ’Fc_B.5.4.2'Fc_B.5.5.1) = 19.5[ksi

Allowable strong axis moment -UNWELDED: M, 3514 = Sy, M,y 3214 = 17.765iplih

Allowable strong axis bending stress - WELDED:

p—— min(Ft_F.S.l.l_w’Ft_F.8.1.2_w’Fc_F.3.1_w’Fc_B.5.4.2_w’Fc_B.S.S.l_w) =9.10&si

Allowable strong axis bending - WELDED: M, 3514 w ‘= SxFpx w M,y 3214 w = 8-29Kiplh
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Vertical shear, G.2-WELDED

h over t ratio:

Allowable stress: (5.5&si) if S, <475

Krsemi=

(7.3 -0.0388¢ ) &si if 47.5< S5 <

38665

G.2

Allowable shear: Vay 3214 w = 2b-20EF, 57 w

SGg2 =8

FV_G.Z_W = 5.5[Kksi

126

Member Checks
Moment: MX_3214_W ‘= MRT2
. — A%
Shear: Vy_3214 = VRT2 y_3214 = 0451 Rsi
2[d
Torsion: L= T
Flexure utilization: My 3214 w
= ——— = 0.646
2Max 3214 w
Ibf T
Shear stresses: S = 9001b + = 3.517[Rsi
20d 20[(d - t)[(b — t)
fV
Shear utilization: M= = 0.64
FV_G.2_W
. . 2 2
Combined: wutl := utl "~ +utl,” = 0.827
check := |"OK" if max(utl) <1.0 ="OK"
"NG" otherwise
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Custom Extrusion Beam

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

Section properties

_ . 4 _ .4
Jw'_ 2.982in »lvy/" 1.911in

= 1.318in3 SyL = 1.475in3

w2
»
=
|

= 1.716in3 SyR = 0.867in3

wn
o
es)

[

I

X 3 I | L
S = ——— = 1.9720h at top of flat . ]
XT_flat ™ 512in P | - CG

e = 1.129in /gy/:: 0.904in

Unbraced length: Lipai= 8t + 1l

Lbl = 6[ft

Allowable Bending Capacity

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

Allowable stress: R B Soborba = 15.2ksi

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

Allowable stress: E B St = 4.8ksi

Bending tension (element in flexure), F.8.1.2

Allowable stress: R T R 19.7ksi

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

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

Unbraced length: Ly, = 970 Lpi=1.0
208,
Slenderness: SEdudn= — Sg3q = 110443
Cy (L,0)
: — 05y . _ .
Allowable stress:  Fg pa g = (16.7—0.140[5;1:_3_1 )[1151 if Spy | < 2400 Fo p3.1 = 15230Ksi
23599
S oJe
F.3.1

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

Unbraced length: L) = 970 Cp=1
204,08,
Slenderness: = Sp3.1 = 110443
C (I D)O.S e
blly

Allowable stress:  F w2 1 o= (5.3 —0.030ESF.3.10'5)|]15i if Sp3q < 13413 F. F3.1 w = Ssi

23599

ksi if 13413 < Sp 34

SF3.1

Bending uniform compression (flat elements supported on one edge), B.5.4.1 Right tip of flat
1.0in
Slenderness: S = S =38
B.5.4.1 0.125in B.5.4.1

Allowable stress: FC_B541 = | 15.2ks1 if SB541 <73 FC_B541 = 14.8[Ksi

(19.0-0.5308p 5 4 1) Esi if 73 < Sp 54 <126

155 ..
S—E&s1 if 12.6 < SB541
B.5.4.1
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Bending uniform compression (flat elements supported on one edge), B.5.4.1-WELDED

1.0in
0.125in

Slenderness: SBusvdnln= Sps41 =8

Allowable stress:  F, g541 w = |48ksi if Sgs541 <107
(6:1-0.11938p 5 4 1) ksi if 10.7< Sp 54 <34

2417 ..
—ZE&& if 34 < SB541

SB.5.4.1

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

_0.75in
" 0.125in

Slenderness: SB.5.4.2 =6

Allowable stress: E B S dn = 15.2ksi if SB.5.4.2 <228

(19.0-0.1708p 5 4 5) Esi if 22.8 < S 545 <39

484

SB.5.4.2

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

Slenderness: SBsde = 0.7 SB.542 =6

"~ 0.125in

Allowable stress:  Fo b s 4o = |4.8ksi if Sg 54 <336
(6.1 -0.0388p 5 45| ksi if 33.6 < Sg 54, <81

247

SB.5.4.2

Right tip of flat

Fe B5.4.1 w = 48Msi

Flat between verticals

Fe B5.42 = 1320si

Flat between verticals

Fe B5.42 w = 48Msi
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Bending flexural compression (flat elements supported on both edges), B.5.5.1

1.6in
Slenderness: S = S =128
AmBvviny 0.125in B.5.5.1
Allowable stress: FS Br5a5ul = 19.7ksi if SBSSI < 549 FC_BSSI = 19.7&si1

(27.9-0.1508p 5 5 1) Esi if 549 < Sp 55 <93

1298

B.5.5.1

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

. _d _
Slenderness: SBSvinle = : Spss1 =8
Allowable stress: Es_B S = |6.3ksi if Sgg51 <769 Fc_B.S.S.l_w = 6.3[Ksi
(8:1-0.0238p 5 5 1) ksi if 76.9< Sy 551 < 173
699
SB.5.5.1
Bending flexural compression (flat elements supported on tension edge, compression edge free), B.5.5.2 Top tip
0.75in
Slenderness: S =— S =6
B.5.5.2 0.125in B.5.5.2
Allowable stress: FC_B552 = 19.7ksi if SB552 <10.2 FC_B552 = 19.7&si1

(27.9-0.8108p 5 5 5) Esi if 10.2< S 55, <23

4932 .
—2|:kS1 if 23 < SB552

SB.5.5.2

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

. _ 0.75in _ Top tip
Slenderness: SRS T Sgs502 =6
Allowable stress: FC B.552 w = | 6.3ksi if SB552 <143 FC B552 w = 6.3Ksi1

(8:1-0.1278p 5 5 5| ksi if 143 <S55, <43

4932 ..
—ZE&& if 43 < SB552

SB.5.5.2
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Allowable bending stresses

Allowable stress at top: Fiy flex top = min(Ft F8.12Fc B.5.5.2) = 19.70ksi

Allowable stress at flat tOpZ Fb_ﬂex_top_ﬂat = mlll(Ft_Fgll ’FC_B541 ’FC_B542 ’FC_F.3.1) = 14.76Ksi

Allowable stress at bottom: Fp flex bot = min(Ft Fs812F. B5s.1:Fe¢ F.3.1) = 15.229[%ksi

Allowable bending stresses-WELDED

Allowable stress at top: Fp flex top_w = min(Ft F812 w'Fc B5.5.2 W) = 6.3[Ksi

Allowable stress at flattop: Fy, fley top flat w = Min(Fi F.8.1.1 w'Fe B54.1_wFe B.542 wFe F3.1_w) = 48ksi

Allowable stress at bottom: Fb_ﬂex_bot_w = mm(Ft_FSIZ_W ’FC_B.5.5.1_W’FC_F.3.1_W) = 4.985ksi

Allowable Moment

Allowable moment WELDED: Ma_ext = min(Fb_ﬂex_top[SxT 'Fb_ﬂex_top_ﬂat[SxT_ﬂat’Fb_ﬂex_botESxB) = 25.965kiplin

Allowable moment: My ext w = min(Fb_ﬂex_top_waT ’Fb_ﬂex_top_ﬂat_WESXT_ﬂat’Fb_ﬂex_bot_waB) = 8.303Kiplin

.2 .2
Ratio of Flg Area to Weld affected Flg area: Apw_A := min 0.197in  _025m | _ 0.457

0431in> 0.5312in°

Allowable partially weld affected moment: M, ext_pw = My ext ™ pr_A[@Ma ext Mz ext W) = 17.892&ipln
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Shear Capacity

Vertical shear, G.2-WELDED

- _3in
h over t ratio: SGav= T

Allowable stress: F G-

(5.5@si) if Sg o < 47.5

(7.3 -0.0388 ) &si if 47.5 < S 5 < 126

S .
G.2

Allowable shear: Vay ext w = 2Wb—20F, 57

Extrusion Beam Check

Axial compression: Pc_ext = 0lbf
Moment: Bending in extrusion beam (Lb=8'-1")

w = 114BIf

Myp, = ———— = 0466(KiplT:

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

Wext bm = YRT2Z Wext_bm = 225.625[pIf
Mppr = — ¢ M| = 1.015&ipt

M = max(Mpp My ;) = 1.015Riptt

X_ext -

Shear: VR = 451.251bf

Vy ext = VRT2 = 451.251bf

y_ext :

FV_G.Z_W = 5.5[Kksi

v

ay ext w = 41250ip
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M

Flexure utilization: X_ext

utl

= = 0.681
MRV M

a_ext pw

Area enclosed for torsion: Am = 0.875in.5in + 0.875in[2.375in + 2[0.5in[0.75in = 4.14lﬁh2

A"
t
Shear stress: L= DA 0.451[Ksi
2[d
L. . fV
Shear utilization: utl, == F— = 0.082
v.G2 w

Combine utilization: utl = utlm2 A uth2 =047

shegk,:= [ "ok if (utl < 1.0 Dutl, < 1.0 Dutly, < 1.0) = "OK"

"NG" otherwise
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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_w = 5023[111[)‘311

Vay_3218_w = 2406‘]111)

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

WLy, := 2.8560psf
WLanel = Wiy, (52003200 = 43.3161bf WLiogal = Whignel3 = 216.581bf

Middle beam sees the highest load

42(in
Wy = T VL, = 4998031f
Wi [0520in)” w320
My py = ————— = 0.141iplin o = 1082161
— (@20
Me m hr = ; = 0.114Miplin

RT2x2x1/8 frame OK for bending and shear

along 22' length of handrail
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Torsional capacity of RT2x2x1/8

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

Tube torsional constant: Cr = 2[02[h - 0.1250h)(20N = 0.12500) [0.12500 CrT = 0.879|3h3
Unwelded
Slenderness: S , 2 S =16
' AEE 0 19510 G2
Allowable stress: FG2 = | 12.7ks1 if SG2 <353 FG2 = 12.7[Ksi
(16:5-0.1078 ) ®si if 353 < S, < 63 Unwelded
38665 E&si if 39 <SG,
2 .
SG.2
Welded
Slendemess: — -
enderness: SG.2_w = m SG,2_w =16
Allowable stress: FG.2_w = |5.5ksi if SG.z_w <475 FG.Z_w = 5.5[&si
(7.3 -0.0388G 5 ) Ksi if 47.5 < S5 < 126
38665
8G2 w
Torsion capacity Trt = FGo[CRr = 11.162&ipln Unwelded
ecc = 420n in RT2x2x1/8, HSS2x2x1/8, HSS2x2x1/4, 42 in. is the height of a handrail panel

Tom = WLpanechc Ty = 1.819&ipln  Torsion due to mounted handrail

Ty

m
Sheck = |"OK" if — <10 ="OK"
min( TRy, TRT y)
"NG" otherwise
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Attaching beam (HSS2x2x1/8) sees

Properties of HSS2x2x1/8

h2X2 = 20h C2X2 .

t2X2 = 0.1250n

Allowable Torsional Strength

Allowable Torsion Capacity

_ 3
Jyy = 0.7960n

torsion from the total load applied on the handrail. Itis attached to a HSS2x2x1/4.

Fy2X2 = 46[Ksi Fusz = 58[Ksi

= 0.817|3h3

Tallow 2218 = 13.51Riplin

AISC 360-10 Section H3.1

HSS Torsional constant: ¢ := 2[(2[Gn — 0.250n)(20h - 0.2500)[0.2500 - 4.5(4 - 1T)m0.25[i|n)3 C= 1.471[i|n3
Critical stress:
hV ES
Fem= O.6|]Fy if - <245 T (H33)
y
ES
0.6DFy 2.45 T = h 5
- YL if 245 |[— < — <307 |— s
hy Fy t Fy (H3-4)
t
2
0.458[ [Eg Eq h,
> if 3.07 T < — <260 (H35)
h, y !
t
F., = 27.6[Ksi
Nominal torsion: = Fer (€ = 40597 miplin.  (H3-1)
TI]
Allowable Torsion: Tallow 2214 = Il = 24.309&ipln
Tom = 0.135
min(T T e OK for torsion
allow 2218 “allow 2214
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Through bolting HSS

number of fasteners n := 1

_ 1.800Fy) oo ldy o1 Thyo

Shear strength R, yvp= 0 = 1.941[kip
0.850d [Fu
Tension pullout Rytp= boltfgxz 2x2 = 0.77kip
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Mast Support Beam  Mast support beams are C6x8.2

Section Properties for C6x8.2

Area: A= 2.39[i|n2
Depth: d = 6lh
Web thickness: ty = 0.20h
Flange width: bg = 1.920h
Flange thickness: Lg. = 0.3430h
Fillet: k= 0.812500h
Distance between fillet: .= 4.3750h
Effective radius of gyration: Jisv:= 0.643[h
Distance between flg centroids: .= 5.660in
Shear center: Son:= 0.5990h
. . 4 4

Moment of inertia: I, := 13.10n Iy = 0.6870h
Section modulus: o= 43500 S = 0.488 0"
Radius of gyration: ry = 2.340h Iy = 0.536[h

. . 3 3
Plastic Section modulus: Z, = 5.16ln Zy = 0.9870h
Torsional constant: J= 0.1736[i|n4

. 6
Warping constant: Cy = 4.70h
Polar radius of gyration: 1, := 2.650h
(about shear center)
Distance to centroid: Xpgr = 0.5120h
(from web)
Flexural Constant: H = 0.824
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Material Properties

Yield Strength (channel): »EM:: 36ksi Factor of Safety: Q= 1.67
Strong (x) Axis - Allowable Flexural Capacity AISC 360-10 Section F2

Unbraced length: Losn = St

E h I
Limiting unbraced length for limit state of yielding: L, := 1.76(#, = =223ft (F25) ¢c=—0O-L  (F28b)
Limiting unbraced length for limit state of E i 0.7F. S_.[h 2
inelastic lateral-torsional buckling: L= 1950, — 1+ [1+6760——23—2| =151 (F2-6)
$°0.70F,, | S, E, @
y X0 S
Yielding
Mw:: FyEZX = 15.48KipHt (F2-1)
Lateral Torsional Buckling Gip:= 1.0 perAISC 360-10 F1

Whenlp<Lb<Lr M. op) = Cb%(Mp) - (Mp- o.7mymx)%} = 14.105ip  (F2-2)
o Ly

2
Cy [ [E L
When Lb >Lr: b s I [E bx

2
p 1+0.078F—0— | = 81.725[ksi (F2-4)
ﬁ Sxmo It
Ttg

Mo nipa. = ForlSy = 29.625kip  (F2-3)

S

Nominal & Allowable Moment

= i <
M= [ Mp if Lpy < Lp M, = 14.105Rip(Ht
min(My, [7g1.Mp) if Ly< Ly S L,

min ( Mn_LTB2 , Mp) otherwise

Allowable Moment about X axis: Mavalion = ;;X = 8.446[Ripit
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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

M= mm(Fy[zy,mmyEsy) = 23402FkipHt  (F6-1)

Allowable Moment about Y axis:

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

Distance between flanges: h =T = 4.3750h

M
n .
Myoaliow =~ = 1-403iph

Web buckling coefficient K= S it =219 <260 {)/i,:.?yi/lmbl 260 for
tw unstiffened webs
ky [Eg
Web Shear Coefficient: G = [ 1.0 if — < 1.10
FY
kB
110 ; : k, E k, E
- Y ipqg0 |2l oyay [
te
LS1E &, .
5 otherwise
h
(EJ R
C, =10
Shear Area: A= A, = 1.2[i|n2
Nominal & Allowable Shear
M\A/,m)w:: O.6[FymWIZ(EV = 25.92[kip (G2-1)
VI]
Allowable Y axis Shear: V!, e i ? = 15.521kip
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Weak (x) Axis - Allowable Shear Capacity

Web buckling coefficient:

Web Shear Coefficient:

Shear Area:

Nominal & Allowable Shear

Allowable X axis Shear:

Allowable Compression Capacity & Compression Stress

AISC 360-10 Section G7

k= 1.2 per section G7
be Kk, E
Coi= [10 if = <110 [ 22 (62:3)
F
fw y
k [E
110 ; : k,E. b k E
T if 110 [— e — <137 |2 (G2-4)
_f Fy y
ty
L51E R,
> otherwise (G2-5)
be
tw C, =10
2
A= 2bpl = 1.31700
V= 0.6 AT = 2845Kip  (G2-1)
. Vinx .
Mw.: ? = 17.036kip

AISC 360-10 Section E3

Unbraced length for X,Y axis:

Column Slenderness ratio:

Euler Buckling Stress:

Critical Compression Stress:

L = S A= St
1.0, 1.0EILy
= = 25.641 = =111.94
y

712[1}38
Lo = = 22.842[ksi (E3-4)

klr

Fy

Fopu'= (E32) F,, = 18.613Ksi

Fe Eg
0.658 "[F, if klr £4.71 | —
Yy Fy

0.877[F, otherwise (E3-3)

Kl = max(Kiry Kiry) = 111.94
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F A
Allowable Compression: MW': = 26.638[kip
Allowable Capacity Summary for C6x8.2
Strong axis bending: My allow = 8-446Kip[ft
Weak axis bending My_allow = 1.403 &ip[it
Weak axis shear: Vx_allow = 17.0360&kip
Strong axis shear: Vy_allow = 15.521kip
Compression: F. allow = 26-638[Kip
Member Check
The loads from the mast tubes will be applied to the channel, as they both sitin the span.
Mast column loads Ripast] = 1.4Kip Rpast2 = 9750bf from RISA
Both column loads are eccentric to the ends of the channel span
€CCast] = 6L €CC i astp = 110h
LCh = be = 5ft
Maximum shear Vep = 7.3Kip from RISA
Maximum moment M, = 5.6Kip[ft from RISA
Maximum axial Cep = 2650bf 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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Flexure check

Combined Axial and Flexure check:

Shear check
e Vch
Shear utilization: Viatio = o = 047
Vy_allow
check poar = |"OK" if V

.o <
ratio =

1.0 ="OK"

"NG" otherwise

. S L M
Bending utilization: . ch
Mation = M— = 0.663
x_allow
checkpend, = | "OK" if M0 < 1.0 ="OK"
"NG" otherwise
Axial check
Cch
Axial utilization: A ratig = —— = 0.01
Fc_allow
sheckovial = |"OK" if A _ratio < 1.0 ="OK"

"NG" otherwise

Cch 8 Mch

ined = +—
sombined, = oM

if A ratio = 0.2

= 0.668

c_allow x_allow
Ceh Mch .
+ otherwise
2 IJFc_allow Mx_allow
sheekcombined = | "OK" if combined < 1.0 = "OK"
"NG" otherwise
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Hinges
Hinge Bolts
Bolted 1" Grade 5 Bolt
Bolt check
Tension in (1) bolt: Tholt:= 0 = Olip No tension on bolt.
. Ki
Total platform floor load that "folds down" Floor,y = (DLﬂ alum * LLdeck) 08333 @ = 921.50bf
Shearload in each hinge Vhinge := Floor,j;,, = 921.51bf
Shearin (1) bolt: Vool = Vhinge = 921.51bf
. . 2 T1 bolt
Bolt tension capacity: T, 1o1:= 0.75020ksi0.79in™ = 71.1&ip Twbolivallown = = 35.55[kip
. 2 V1 bolt
Bolt shear capacity: Vel = 0-4020ksil0.79in™ = 37.92[kip Ylwbokvakow = = 18.96[kip
Bolt check: m:: "OK" if Vl bolt allow = VbOlt = "OK"
"NO GOOD" otherwise
A%
1 _bolt
Actual factor of safety:  FOS := LD =412
Violt
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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

Momentin bolt: My}, = Vi, ;2in = 1.843Kiplin

.3
. . . 1
Nominal bolt bending capacity: M| polt = (%)EOJSEIZOksi) = 12500bf [t

. . M bolt
Allowable bolt bending capacity: My yit allow == 2——0 = 6250bf it

Bolt check: check := |"OK" if Ml bolt allow = MbOlt = "OK"

"NO GOOD" otherwise

M
Actual factor of safety:  EOS := - Lol = 8.1

Mpolt

Hinge Plate bending check

Moment in bolt: Mhinge = 1.75inlV}, ¢ = 1.613Riplin

. .2
Allowable bending capacity: Myine allow = %m.smi = 6.637 Kiplin

Nominal bending capacity: M

n_hinge -~ Mhinge_allowﬂ~65 = 10.952&kipln

Bolt check: m:: "OK" if Mhinge_allow = Mhmge = "OK"

"NO GOOD" otherwise

M 9
Actual factor of safety:  EFOS := _ 1Ll =6.8
Mhinge
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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):

Fguf = 11.5ksi

Base metal shear ultimate welded (6063-T5): Fouw = 11ksi conservative
Base metal tensile ultimate welded (6063-T5): Figw = 17ksi conservative
Safety factor: n, = 1.95

Size of weld: Sw = 1—6in

Effective throat of fillet weld:

Weld nominal shear capacity:

Sw
throat ;== — = 0.1330h

2
FSW = min(Fsuf [throat,F 3

F

FiuwSw) = 1.525[—%

suw —w’

Allowable shear force in fillet weld: welds g = v weldy g = 0.782d(.1—p
n, in
(3in)2 'n3
Weld section modulus: § := T = 3@1.—
m
Y Vv ;
Demand on weld: weld := hinge + b(?lt = 0.691d(,1—p
S 2[3in in
Weld utilization: g = el utl, g4 = 0.884
: Utlweld -~ weld =~ Y
Check: checkyoq = | "OK" if utlygq < 1.0 checky g = "OK"
"NO GOOD" otherwise
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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”

* ANSIE 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.

Project:16x20 Mobile Stage 10of 77 Engineer: SSH/AJG
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Mobile Roof Beam #1&2 with Holes

Roof Beam #1-1 - NO HOLES

Section properties

Area: A= 6.922in2 [*~—welded
. . . 4 . 4 1
Moment of inertia: L, = 87.393in Iy = 0.990in
. . _ _ .3 _ .3 co
Strong axis section mod: Sybot := 11.472in Sxtop = 21.177in P
Weak axis section mod: Sy = 0.99in3
Radius of gyration: ry i=3.553in Iy = 0.378in /_welded
. _ 4
Torsional constant: J.:= 2.383in ©
6061-T6 Mechanical Properties
Unwelded Welded Welded > 3/8
Tension Yield Stress: Fty := 35ksi Ftyw := 15ksi Ftyw38 = 11ksi
Ultimate Tensile Stress: Fyy, = 38ksi Fruw = 24ksi
Compression Yield Stress: FCy = 35ksi FCyw = 15ksi Fcyw38 = l1ksi
Ultimate shear stress: Fg, = 24ksi Fouw = 15ksi
Tension coefficient: k¢ = 1.0
Project:16x20 Mobile Stage 20of 77 Engineer: SSH/AJG

CRE Project #: 13.533.01

2/12/2014

CRE 71 of 150
02/12/14




Clark-Reder Engineering, Inc Phone (513) 851-1223
4828 Business Center Way CLARK REDER Fax (513) 297-0934
Cincinnati, OH 45246 S k% www.clarkreder.com

ENGINEERING

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

Required strength: M, = 4.2kip[Ht MAXALLOWABLE FOR NEGATIVE BENDING
Beam span: L.:= (200t + 40in) Number of braces along span: n:=9

Max unbraced length: Ly, := 2[ft

Beam weak axis MOI: Iy = 0.99[i|n4
FLG centroid distance: h := 11.75in - 0.5[02.25in + 2in) = 9.6250h

Beam web thickness: ty := 0.375in

Brace MOl I := 0.552in"  for RT2x2x1/8

Brace section modulus: Sp = 0.552in3 for RT2x2x1/8

Brace length: Ly := 5.083ft

0.024[M, L
Required bracing moment: My, := ————— = 1.366[Kiplin
nD.OULb
241,
Br =30 - = 49.589kiplin
n(E, 1, 1.0
330, [ 150,05,
: a : ()] .
Bsec = e > = 219.705kiplin
. o Br . . . -
Required bracing stiffness: 3 := —B = 64.044kipGnh  The required brace stiffness units are kip-in/rad
T
BSCC

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

2[E, M, ;
. i _ “Tathb . = . The brace stiffness and strength
Brace stiffness: Mbrace_stiff = —Lbr = 182.805kipln > Brp = 64.044[Kiplin are adequate to provide a
torsional brace. A Lb of 24 in will
} ) : be used for beam #1 below as
Brace strength: My, := 9.1ksil8y, = 5.023[Kiplin > My, = 1.366[kiplin  |ong as the negative moment is
less than 4.2 kip-ft.
Project:16x20 Mobile Stage 3of 77 Engineer: SSH/AJG
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Allowable Bending Capacity

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

Allowable stress: Fi F81.1 top = 9.7ksi

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

Allowable stress: Ft_F.S.l.l_top_w = 4.8ksi Ft_F.8.1.1_t0p_w = 4 .8[ksi

Bending tension on bottom (flexure in round tube), F.8.1.1

Allowable stress: Fi F81.1 bot = 19.5ksi

Bending tension on bottom (flexure in round tube), F.8.1.1-WELDED

Allowable stress: Fi F81.1 bot w = 9.1ksi 1<3/8"

6063-T5

6063-T5

6061-T6

6061-T6

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

Tension Yielding

F. .
_ 0.337 337 _ ! ty_pipe _ .
Fty_pipe = Ftyl:él - —) + Ftyw% = 25.842[ksi —=—— = 15.662[Ksi

0.736 1.65

Tension Rupture

F Fo o

tu 0.337 337 | tu_pipe .

Fo, o=t - 2337 g 2337 3y soms —== = 16.2[ksi
tw_pipe = [é 0.736) w9736 1.95

F - F :

. g tu_pipe ~ty pipe .

Allowable stress: F ‘= min , = 15.662[&ksi
t F.8.1.1 bot pw ( 1.95 1.65 J
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Bending compression on top (open shapes LTB), F.2.1 6063 T5
Unbraced length: I, := 24in Cp =10
L
Slenderness: Spoq = —bw Spoq = 63.492
I'ym:b
Allowable stress:  Fy 51 qop = [(10.5-0.03608 5 1) Esi if Sp, < 119 Fe F2.1 top = 820si
2 e
SF.2.1
Bending compression on top (open shapes LTB), F.2.1-WELDED 6063 T5
Unbraced length: L, := 24in L= 1.0
L
Slenderness: SR = —bO.S Sgpo 1 = 63.492
I'ym:b
Allowable stress:  Fy 51 qop w = |(5:3 - 0.0168p 5 1) &si if Sp 5 < 222 Fe F2.1 top w = 430si
2 e
SF.2.1
Bending compression on bottom (closed shapes LTB), F.3.1 6061 T6
Unbraced length: L, := 24in Sm= 1.0
2004, [3
Slenderness: S = b xbot S = 358.51
F.3.1 0.5 F.3.1
Cb(lym)
Allowable stress: Fc_F.3.1_b0t = (23.9—0.238[$F_3_10'5>Dlsi if Sp31 <1685 Fc_F.3.1_b0t = 19.4[Rsi
w[&si if 1685 < Sg 3|
S oJe
F.3.1
Project:16x20 Mobile Stage 50of 77 Engineer: SSH/AJG
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Bending compression on bottom (closed shapes LTB), F.3.1-WELDED 6061 T6
Unbraced length: I, := 24in Lpi=1.0
2[4 [S
t
Slenderness: S = ﬂ Sg31 = 35851
Lo 0.5 .
Cb( y )

. o 0.5 . . _ .
Allowable stress: FC_F.3.1_bOt_W = (102 - 008581:31 )I:RSI if SF31 < 6943 t<3/8 FC_F.3.1_bOt_W = 8.6[ksi

23599

F.3.1

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

_ 3 0.337 0.337] _ |
Allowable stress: FC_F.3.1_bOt_pW = |:FC_F.3.1_bOt[él - _0 736] + FC_F.3.1_bOt_W 0 736j| = 14.447ksi

FC_F.3.1_bOt_pW = 14.447Rksi

Positive Bending

Allowable stress on top for positive bending: Fpe top = F. Foq top_w = 4.284ksi
Allowable stress on bot for positive bending: Fot bot = Ft F8.1.1 bot_pw = 15.662K&si

Allowable positive bending moment: Ma_pOS 1] = min(FbC topEsxtop’Fbt botmxbot) = 7.56ipt

Negative Bending

Allowable stress on top for negative bending: Fpt top = Fi Fg11 top_w = 4.8lsi
Allowable stress on bot for negative bending: Foe bot = Fe F3.1 bot_pw = 14.447R&si
Allowable negative bending moment: M, neg 11 o= min(Fbt topEsxtop'Fbc bot[beot'Mr) = 4 2[Rip[ft

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

7.5in
h over t ratio: S = S =20
G.2"7 0.375in G2
Allowable stress:  F,, 55 = [(29&si) if Sg, < 56.7 F, G2 w = 2.9si
(3.7 -0.148G o) i if 56.7 < S 5 < 177
38665
2 .
8G.2
Allowable shear: Va 11 = 75111[03751an G2 w Va 11 = 8156ﬂhp

Allowable Compression

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

Unbraced length: Ly, := 20.333ft Lby = 24in

1.0l 1.0
Slenderness: Sg 3 = max( B _by] Sg3 = 68.673
: . . :
X y
Allowable stress:  Fj p 3= [(8.9-0.037( 3)®si if 0 < S 3 <99 F, g3 = 6.4Ksi
51352
(si if 99 < Sg 3
Sp 1 '
E3
Axial compression (member buckling), E.3-WELDED 6063_T5
Unbraced length: Ly = 243.9960in Lby = 24[h
LOMpy 1Oy,
Slenderness: SE,g. = max , Sg3 = 68.673
I'X I'y )
Allowable stress: Fj 3 = |(45-0.01608E 3)si if 0 < Sp 3 < 185 Fe B3 w = 340si
51352
SE3
Project:16x20 Mobile Stage 7 of 77 Engineer: SSH/AJG
CRE Project #: 13.533.01 2/12/2014

CRE 76 of 150
02/12/14



SN | .
Clark-Reder Engineering, Inc Phone (513) 851-1223
4828 Business Center Way CLARK REDER Fax (513) 297-0934
Cincinnati, OH 45246 | - www.clarkreder.com
ENGINEERING

Uniform compression (flat elements supported on both edges), B.5.4.2 6063_T5
7.5in
Slenderness: S = S =20
B-5-4-2 0.375in B-5-4-2
Allowable stress: FC_B542 = 19.7ksi if SB542 < 25.6 FC_B542 = 9.7[Ks1

(11:8-0.0838p 5 4 5) si if 25.6 < S 545 < 50

382
SB.5.4.2
Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6063_T5
Slenderness: e S =20
: RBSdy= 3750 B.5.4.2
Allowable stress: FC B.5.42 w = | 4.8ksi if SB542 < 33.6 FC B542 w = 4.8[Ksi

(6.1 -0.0388p 5 45| ksi if 33.6 < Sg 54, <81

247
SB.5.4.2
Uniform compression (curved elements supported on both edges), B.5.4.5 6061 _T6
2in — 0.125in
Slenderness: S = S =175
B.5.4.5 2[0.125in B.5.4.5
Allowable stress: FC_B545 = | 21.2ksi if SB545 < 27.6 FC_B545 = 21.2[Ksi1
0.5 ..
3776 ..
2[&51 lf 141 < SB545
0.5
S . SB.5.4.5
B.5.4.5 35
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Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6061 _T6
2in — 0.125in
Slenderness: S = S =175
BBy 2[0.125in B.5.4.5
Allowable stress: FC_B545_W = 19.1ksi if SB545 < 464 FC_B545_W = 9.1[Ksi1

(18- 03968 5 4 5" Jksi i 464 < Sp 545 < 390

3776
S 0.5
B.5.4.5
Spsasilr—— o —
Allowable compression stress: F. = min(Fc E3 w'fec B542 w'Fc B545 W) = 3.401[Ksi
Allowable compression: P, 11 = AlF, P. 11 = 23.543&ip
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Roof Beam #1-2 Holes @ Castellated Cutouts

Section properties

Area: __ .2 N
A=5.6lin | [N welded
Moment of inertia: = 61.84in" = 0.974in"
oment of inertia: L= 61.84in »lvyv'_ .9741n |

Strong axis section mod: S 0. ‘= 7.251in3 m:: 19.193in3

. . . _ .3
Weak axis section mod: »§J,W'_ 0.974in
Radius of gyration: T = 3.32in By = 0.417in
. .4 o
Torsional constant: J.:= 0.65in =

6061-T6 Mechanical Properties

Unwelded Welded Welded > 3/8
Tension Yield Stress: *EW:: 35ksi AE&WW:: 15ksi W&:: 11ksi
Ultimate Tensile Stress: L= 38ksi Lo = 24ksi

Compression Yield Stress: Koy = 35ksi Koywn = 15ksi Koywas. = 11ksi

Ultimate shear stress: Foun = 24ksi Kswwn = 15Kksi
Tension coefficient: K= 1.0
Project:16x20 Mobile Stage 10 of 77 Engineer: SSH/AJG
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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 ifitis an
acceptable LTB torsional nodal brace. The bracing requirements of the 2010 Aluminum Design Manual Appendix 6 will be

Number of braces along span: n =9

used.

Required strength: M, = 3.5kip(Ht MAXALLOWABLE FOR NEGATIVE BENDING
Beam span: L =20.333ft

Max unbraced length: Ly = 2ft

Beam weak axis MOI: Iy = 0.974[i|n4

FLG centroid distance: h, := 11.75in - 0.5[02.25in + 2in) = 9.6250h

Beam web thickness: Lan = 0.375in

Brace MOl [ := 0.552in" For RT2x2x1/8

Brace section modulus:@b/:: 0.552in3 For RT2x2x1/8

Brace length: Ly = 5.083ft

0.024, M
Required bracing moment: ;= ——— = 1.139Riphh
q g AMbrA nD.OULb p
241,
Bp.=30 3 = 35.002&kiphGh
n[}Ea[]]yl.O

3
33, iD1.5E|a.0mw
Rsee:’ h 15 12

j = 43.941&kipln
0

Br
= 5

T

1__

Required bracing stiffness: = 172.069&kiplin

Bsec

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

2[E, [,
Brace stiffness: My aoonmstift = - = 182.805lkiplin >
- br
Brace strength: My a0e, = 9-1ksil8y, = 5.023&iplin > My, = 1.139Kiplih

The required brace stiffness units are kip-in/rad

B1p = 172.069Kiplin 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.
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Allowable Bending Capacity

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

Allowable stress: F o FaSubwbmton = 9.7ksi

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

Allowable stress: Fs_E Subrhntopwie = 4.8ksi Ft_F.8.1.1_t0p_w = 4 .8[ksi

Bending tension on bottom (flexure in round tube), F.8.1.1

Allowable stress: S Sbbnbotn = 19.5ksi

Bending tension on bottom (flexure in round tube), F.8.1.1-WELDED

Allowable stress: F RSt = 9.1ksi 1<3/8"

6063-T5

6063-T5

6061-T6

6061-T6
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Bending compression on top (open shapes LTB), F.2.1 6063 T5
Unbraced length: I, := 24in Lpi=1.0
_ __ b _
Slenderness: SR = — Sgpo 1 = 57554
I'ym:b
Allowable stress:  Eg ko p,.g0p. = | (10:5—0.03608 5 1) Esi if Sp, 1 < 119 Fe F2.1 top = 84si
2 e
SF.2.1
Bending compression on top (open shapes LTB), F.2.1-WELDED 6063 T5
Unbraced length: L, := 24in L= 1.0
_ __ b _
Slenderness: SR = — o Sgpo 1 = 57554
I'ym:b
Allowable stress: g g j..gopaw:= | (53~ 0:01608p 5 1) &si if Sp 5 < 222 Fo F2.1 top w = 44si
2 e
SF.2.1
Bending compression on bottom (closed shapes LTB), F.3.1 6061 T6
Unbraced length: L, := 24in Sm= 1.0
20, [
Slenderness: = 00 Sp3q = 437424
0.5 .
Cb(lym)
Allowable stress: E;_pa Lwbot = (23.9 —0.238E$F_3_10'5>Dlsi if Spyq <1685 Fc_F.3.1_b0t = 18.9[Ksi
@E&si if 1685 < Sg 3|
S oJe
F.3.1
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Bending compression on bottom (closed shapes LTB), F.3.1-WELDED 6061 T6
Unbraced length: I, := 24in Lpi=1.0
20,3
t
Slenderness: S = b xbot Sp3q =437424
C (1 D)0'5 o
by
Allowable stress:  F. &2 1 botww = (10.2 —0.085E$F_3_10'5>Dlsi if Sp3q <6943  1<3/8" F. 31 bot w = 8-4&si
23599
SF3.1
Positive Bending
Allowable stress on top for positive bending: »Ebwt@p«:: F. F21 top_ W = 4.379&si
Allowable stress on bot for positive bending: Fotvbotn= Ft F81.1 bot w = 2-1Ksi

Allowable positive bending moment: Ma_pOS 12 = min(FbC topEsxtop’Fbt botmxbot) = 5.499[RipMit

Negative Bending

Allowable stress on top for negative bending: M:: Fi F81.1 top_ w = 4.8ksi
Allowable stress on bot for negative bending: Foewbot = Fc F3.1 bot w = 8-422[ksi
Allowable negative bending moment: M, neg 12 °= min(Fbt topEsxtop'Fbc bot[beot'Mr) = 3.5kiplHft

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

. 7.5in
h over t ratio: SG 2= S =20
0.375in G2

Allowable stress:  Fo. = o= [ (29&si) if Sg o < 56.7 Fv_G.Z_w = 2.9[ksi
(3.7 -0.148G o) i if 56.7 < S5 < 177

38665

SG.2

Allowable shear: Va 12 = 40111[03751an G2 w Va 2= 435|Jhp

Allowable Compression

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

Unbraced length: L, :=20.333 ft M:: 24in

10Mpy 100y
Slenderness: SE3. = max == Sg3 =73.493
I'X I'y :
Allowable stress: g 5= [ (8.9~ 0.037 3)®si if 0 < Sp 3599 F, g3 = 6.2Msi
51352
si if 99 < S 5
2 .
SE3
Axial compression (member buckling), E.3-WELDED 6063_T5

Unbraced length: Ly = 243.9960in Lby = 24[n

10y 100y
Slenderness: SE,g. = max , Sg3 =73.493
I'X I'y :
Allowable stress: Fq 3.0 = | (45~ 0.01608E 3)&si if 0 < Sp 3 < 185 Fo g3 w = 3.3Msi
2 .
SE3
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Uniform compression (flat elements supported on both edges), B.5.4.2 6063_T5
7.5in
Slenderness: S = S =20
o S v e 0.375in B.5.4.2
Allowable stress: F;_B Sude2 = | 9-7ksi if Sg 549 <256 Fc_B.5.4.2 = 9.7[ksi

(11:8-0.0838p 5 4 5) si if 25.6 < S 545 <50

382
SB.5.4.2
Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6063_T5
Slenderness: = L S =20
- RBSdy= 3750 B.5.4.2

Allowable stress:  Fo b s 1o = |4.8ksi if Sg 545 <336 F. B542 w = 4.8M&si
(6.1 -0.0388p 5 45| ksi if 33.6 < Sg 54, <81

247 ..
S—I]ks1 lf 81 < SB542

B.5.4.2

Uniform compression (curved elements supported on both edges), B.5.4.5 6061 _T6
2in — 0.125in
Slenderness: = S =175
RBS" "0 12500 B.5.4.5

Allowable stress: EowByswdsn = |21-2ksi if Sp 545 < 27.6 F. B5.4.5 = 21.2[ksi

(262- 09448 5 4 s Jsi if 276 < Sp 545 < 141

3776

0.5)2
S . SB.5.4.5
B.5.4.5 — =
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Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6061 _T6
2in — 0.125in
Slenderness: S = S =175
BBy 2[0.125in B.5.4.5
Allowable stress: FS_B 5ndl 5_‘“ = 19.1ksi if SB545 < 464 FC_B545_W = 9.1[Ksi1

(18- 03968 5 4 5" Jksi i 464 < Sp 545 < 390

3776
0.5
SB545
Spsasilr—— o —
Allowable compression stress: Fo= min(Fc E3 w'fec B542 w'Fc B545 W) = 3.324[Ksi
Allowable compression: P, 17 = AlF, P. 1o = 18.643&ip
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Allowable capacities based off of 4-Condtions above

Allowable Compression: P, .1 min(PC 11:Pc 12) = 18.648kip

Allowable Positive Moment:. M = min(M

2 pos 1 = 5.499 Rip[Ht

a pos 11 'Ma_pos_12)

Allowable Negative Moment: M = min(M ) = 3.5ftlkip

a neg 1 - a neg 11 'Ma_neg_12

Allowable Negative Moment: V, | := 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 putin RISA 3d.

(8 +20) | (90 +20n) 6.58
2 2 5.08

DEAD DLy, = lOmstE } = 100.2pIf

WIND

Tributary for beam:

(it + 20N it + 20h) 6.
trib::{(8 7 )+(9 7 )%}:10.02&

At 30 mph, the beam loads are:
Uplift WL, 30 = 1.6[psfirib = 16.0320pIf
p_
Column Loads
Downward WL un 30 = 1.70sfErib = 17.034plf

DL, := 1Rip
Lateral WL, 30 = 150If

ULL, := 35600bf

At 50 mph, the beam loads are:

Uplift WLy 50 = 44Bsf b = 44.088BIf ULy o LRI

Downward = WLy un 50 := 4-80sfrib = 48.0960plf TPL ) = 2660bf

Lateral WLy, s := 41.4BIf QPL o] = 2660bf

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 | Beam #2 Check for DL + 30 mph Wind

Axial compression: Py = 99Ibf
Moment: Mx_poS 1 = 5.7kiplt

Shear: Vybl = 12901bf

Positive Bending

My peg 1= 14kipht

xpos 1 _ 1.0 SAY OK

Combined utilization: utlhl 1= -

acl M,  pos_1
Negative Bending
P M
Combined utilization:  wtly,y 4 := bl x neg 1 _ 0,405
B Pac1 Mg neg 1
Check: Shegk, = |"OK" if utlyy 1 <10 ="OK"
"NG" otherwise
Shear
Vybl
Combined utilization:  utl, := —— = 0.297
Va1
Check: gheck = |"OK" if utl, < 1.0 ="OK

"NG" otherwise

Allowable Rigqging Capacity of Stage | 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.

8.17ft
DEAD DLbeamidv-= lomsfté 5 ) = 40.850plf
WIND
Tributary for beam: trib := (8'17&) = 4.085ft
At 30 mph, the beam loads are:
Uplift WLyowao. = 1.6sfErib = 6.5360pIf
N Column Loads
Downward = WL o 20.:= 1.70sfrib = 6.94531f
Dot = 0.42[kip
Lateral Whiatwae, = 150If
LLgoln:= 6680bf
At 50 mph, the beam loads are:
Uplift W56, = 4-ADsf b = 17.974[pIf Aebool, = 334TbT
Downward W4 wn so.-= 4.8sfHrib = 19.608plf koot = 42500t
QL oot = S010bf

Lateral Whiatwse, = 41.4If

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 Rigqing Capacity of Stage | Beam #1 at Upstage Frame X

Length of I-Beam #1: L = (200t + 4[h)

8[QMa_pos_l B Mmax)

UDL: UDL; =

- 0.75[QL1)2
CPL: CPLy = 4[QMU(3:7S;;IL_1 Mmax)
TPL: TPLy = 3[QMU(3:7S;E1IL—1 Mmax)
QPL: QPLy = 2[€Ma_p0$_1 B Mmax)

0.75L,

Length of I-Beam #1: Legn:= (200 + 40n)

8[QMa pos 17 Mmax)

UDL, := 5
L

CPL, = 4[€Ma_pos_1 _Mmax)
L

TPL, = 3’[QMa_pos_l _Mmax)
L

QPL; = 2|:QNIa_POS_l _Mmax)

Maximum moment in Stage I-Beam #1 from RISA: M. ... = 2.1[ftRip

Maximum moment in Stage I-Beam #1 from RISA: M, .. = 2.9[ftkip

Allowable Capacity

UDL) , = 67.045[plf

CPL; y, = 681.621bf

TPL) y, = 511.2151bf

QPL| , = 340.811bf

Allowable Capacity

UDL,; = 65.763pIf

CPL| = 668.5921bf

TPL| = 501.4441bf

QPL{ = 334.296Ibf

for Load Combination DL+0.75L+0.75Whwap

for Load Combination DL+LL

Allowable Capacity For Reuse

0.85UDL; y, = 56.988(pIf

0.85UDL; (M| = 1158.753Ibf

0.85CPLy , = 579.3771bf

0.85TPLy , = 434.5331bf

0.85QPL; , = 289.688 Ibf

Allowable Capacity For Reuse

0.85UDL = 55.899[plf

0.85UDLL; = 1136.606 1bf

0.85CPL{ = 568.303 Ibf

0.85TPL = 426.2271bf

0.85QPL; = 284.1521bf
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Allowable Loads on Stage | Beam #1
Allowable Loads for Upstage Beam #1

UDL := min(UDL;,UDL ) = 65.763(If 0.85[UDL = 55.899(plf
0.85UDLIL; = 1136.606 Ibf

CPL := min(CPLy,CPLy ) = 668.5921bf 0.85[CPL = 568.303 Ibf

TPL := min(TPLy, TPL| ) = 501.444 bf 0.85[TPL = 426.227Ibf

QPL = min(QPL1 ,QPL, W) = 0.85[QPL = 284.152Ibf
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Mobile Roof Beam #3 with Holes for Banner Package

Roof Beam #3-1 - NO HOLES

Section properties

Area: A= 6.922in2 [ ™—welded
Moment of inertia: = o = 0.990in" 1
oment of inertia: I 87.393in »lvyv'_ .990in
. . _ _ .3 _ .3 co
Strong axis section mod: Sxbet = 11.472in m.— 21.177in P
. . . _ .3
Weak axis section mod: @yf‘ 0.99in
Radius of gyration: T = 3.553in By = 0.378in /_Welded

Torsional constant: A= 2.383in4 ©

6061-T6 Mechanical Properties

Unwelded Welded Welded > 3/8

Tension Yield Stress: *EW:: 35ksi AE&WW:: 15ksi W&:: 11ksi

Ultimate Tensile Stress: L= 38ksi Lo = 24ksi

Compression Yield Stress: Koy = 35ksi Koywn = 15ksi Koywas. = 11ksi

Ultimate shear stress: Foun = 24ksi Ko = 15Kksi
Tension coefficient: K= 1.0
Project:16x20 Mobile Stage 23 of 77 Engineer: SSH/AJG
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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 ifitis an
acceptable LTB torsional nodal brace. The bracing requirements of the 2010 Aluminum Design Manual, Appendix 6 will be
used.

Required strength: M, = 4. 2kip(Ht MAXALLOWABLE FOR NEGATIVE BENDING
Beam span: L := 22[ft Number of braces along span: n := 11

Max unbraced length: L, = 2[ft

Beam weak axis MOI: Iy = 0.99[i|n4
FLG centroid distance: h, = 11.75in - 0.5[02.25in + 2in) = 9.6250h

Beam web thickness: Lan = 0.375in

Brace MOI: ] = 0.552in"  for RT2x2x1/8

Brace section modulus:@b/:: 0.552in3 for RT2x2x1/8

Brace length: L, := 9.1875ft

0.024B/, L
Required bracing moment: ;= ———— = 1.21[RipQn
a g AMbrA nD.OULb P
241,
35.=30 - = 43.898Lkiplin
nlE, 1.0
3308, [ 150,05,
Boog = ——| ————— | = 219.705Riplin
hy 12
. o Br . . . -
Required bracing stiffness: g = —B = 54.86[Kiphh The required brace stiffness units are kip-in/rad
T
Bsec

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

2[E , [, . ; The brace stiffness and strength
= 10LI37Kiplin > Py = 54.86Kiplin 0 - qequate to provide a ’
torsional brace. A Lb of 24 in will
be used for beam #1 below as
Brace strength: Mbm:: 9.1ksi[$b = 5.023[Kiplin > Mbr = 1.21Riphn long as the negative moment is
less than 4.2 kip-ft.

Brace stiffness: M = -
N br
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Allowable Bending Capacity

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

Allowable stress: F o FaSubwbmton = 9.7ksi

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

Allowable stress: FI_E Subvbntopw = 4.8ksi Ft_F.8.1.1_t0p_w = 4 .8[ksi

Bending tension on bottom (flexure in round tube), F.8.1.1

Allowable stress: S Sbbnbotn = 19.5ksi

Bending tension on bottom (flexure in round tube), F.8.1.1-WELDED

Allowable stress: E s wFsSybvimbot = 9.1ksi 1<3/8"

6063-T5

6063-T5

6061-T6

6061-T6

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

Tension Yielding

F .
0.337 337 t
Fnpine = Fryl1 = ——— | +F, WBO— = 25.842[Rsi —LLPE = 56620
y 0.736 YW70.736 1.65
Tension Rupture
F Fiu pi
tu 0.337 337 t
L= [l - —2t +FtquIO— = 31.59ksi —LPPE = 6omsi
Kawpipe k; 0.736 0.736 1.95

Fru_pipe Ft”’ipe} = 15.662 s

Allowable stress: F S bbobwpwa - = min ,
& = 1.95 1.65
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Bending compression on top (open shapes LTB), F.2.1 6063 T5
Unbraced length: I, := 24in Lpi=1.0
L
Slenderness: SR = —bw Spoq = 63.492
I'ym:b
Allowable stress:  Eg ko p,.g0p. = | (10:5—0.03608 5 1) Esi if Sp, 1 < 119 Fe F2.1 top = 820si
2 e
SF.2.1
Bending compression on top (open shapes LTB), F.2.1-WELDED 6063 T5
Unbraced length: L, := 24in L= 1.0
L
Slenderness: SR = —bOS Sgpo 1 = 63.492
I'ym:b
Allowable stress: g g j..gopaw:= | (53~ 0:01608p 5 1) &si if Sp 5 < 222 Fo F2.1 top w = 43si
2 e
SF.2.1
Bending compression on bottom (closed shapes LTB), F.3.1 6061 T6
Unbraced length: L, := 24in Sm= 1.0
20, [
Slenderness: = 00 Sg3q = 35851
0.5 .
Cy (L,0)
Allowable stress: E;_pa Lwbot = (23.9 —0.238E$F_3_10'5>Dlsi if Spyq <1685 Fc_F.3.1_b0t = 19.4[Ksi
w[&si if 1685 < Sg 3|
S oJe
F.3.1
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Bending compression on bottom (closed shapes LTB), F.3.1-WELDED 6061 T6
Unbraced length: I, := 24in Lpi=1.0
2004, [3
t
Slenderness: S = ﬂ Sg31 = 35851
C (I IJ)0.5 -
by
Allowable stress: F BB ahbobuiin = (10.2 —0.085E$F_3_10'5>Dlsi if Sp3 1 <6943 t<3/8" F. F31 bot w = 8-6[si
S oJe
F.3.1
Bending compression on bottom (closed shape LTB), F.3.1-PARTIALLY WELD AFFECTED t>3/8"

) . 0.337 337 |
Allowable stress: E;_Ea Lubotupw = |:FC_F.3.1_bOt[él = mj + Fc_F.3.1_bot_ng.77} = 14.447ksi

FC_F.3.1_bOt_pW = 14.447Rksi

Positive Bending

Allowable stress on top for positive bending: »Ebwt@p«:: F. F21 top_ W = 4.284[Ksi

Allowable stress on bot for positive bending: Fotvbot= Ft F.81.1 bot_pw = 15.662[Rsi

Allowable positive bending moment: Ma_pOS 31 = min(FbC topEsxtop’Fbt botmxbot) = 7.56ipt

Negative Bending

Allowable stress on top for negative bending: M:: Fi F81.1 top_ w = 4.8ksi
Allowable stress on bot for negative bending: Foewbot = Fc F3.1 bot_pw = 14.447R&si
Allowable negative bending moment: M, neg 31 o= min(Fbt topEsxtop'Fbc bot[beot'Mr) = 4 2[Rip[ft

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

. 7.5in
h over t ratio: SG 2= S =20
0.375in G2

Allowable stress:  Fo. = o= [ (29&si) if Sg o < 56.7 Fv_G.Z_w = 2.9[ksi
(3.7 -0.148G o) i if 56.7 < S5 < 177

38665

SG.2

Allowable shear: Va 31 = 75111[03751an G2 w Va 31 = 8156Dllp

Allowable Compression

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

Unbraced length: T, := 22ft M:: 24in

10Mpy 100y
Slenderness: SE3. = max == Sg3 = 74.303
I'X I'y :
Allowable stress: g 5= [ (8.9~ 0.037 3)®si if 0 < Sp 3599 F, g3 = 6.2Msi
51352
si if 99 < S 5
2 .
SE3
Axial compression (member buckling), E.3-WELDED 6063_T5

Unbraced length: Ly = 264[n Lby = 24[h

10y 100y
Slenderness: SE,g. = max , Sg3 = 74.303
I'X I'y :
Allowable stress: Fq 3.0 = | (45~ 0.01608E 3)&si if 0 < Sp 3 < 185 Fo g3 w = 3.3Msi
2 .
SE3

Project:16x20 Mobile Stage
CRE Project #: 13.533.01
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Uniform compression (flat elements supported on both edges), B.5.4.2 6063_T5
7.5in
Slenderness: S = S =20
o S v e 0.375in B.5.4.2
Allowable stress: F;_B Sude2 = | 9-7ksi if Sg 549 <256 Fc_B.5.4.2 = 9.7[ksi

(11:8-0.0838p 5 4 5) si if 25.6 < S 545 <50

382
SB.5.4.2
Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6063_T5
Slenderness: = L S =20
- RBSdy= 3750 B.5.4.2

Allowable stress:  Fo b s 1o = |4.8ksi if Sg 545 <336 F. B542 w = 4.8M&si
(6.1 -0.0388p 5 45| ksi if 33.6 < Sg 54, <81

247 ..
S—I]ks1 lf 81 < SB542

B.5.4.2

Uniform compression (curved elements supported on both edges), B.5.4.5 6061 _T6
2in — 0.125in
Slenderness: = S =175
RBS" "0 12500 B.5.4.5

Allowable stress: EowByswdsn = |21-2ksi if Sp 545 < 27.6 F. B5.4.5 = 21.2[ksi

(262- 09448 5 4 s Jsi if 276 < Sp 545 < 141

3776

0.5)2
S . SB.5.4.5
B.5.4.5 — =
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Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6061 _T6
2in — 0.125in
Slenderness: S = S =175
BBy 2[0.125in B.5.4.5
Allowable stress: FS BrSadnSmini = 19.1ksi if SB545 < 464 FC_B545_W = 9.1[Ksi1

(18- 03968 5 4 5" Jksi i 464 < Sp 545 < 390

3776
0.5
SB545
Spsasilr—— o —
Allowable compression stress: Fo= min(Fc E3 w'fec B542 w'Fc B545 W) = 3.311[Ksi
Allowable compression: P, 31 = AlF, P. 31 = 22.92[kip
Project:16x20 Mobile Stage 30 of 77 Engineer: SSH/AJG
CRE Project #: 13.533.01 2/12/2014

CRE 99 of 150
02/12/14




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

CLARK

- -

ENGINEERING

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

Roof Beam #3-2 Holes @ Castellated Cutouts

Section properties

Project:16x20 Mobile Stage
CRE Project #: 13.533.01

CRE 100 of 150

02/12/14

Area: A= 5.61in” =
AW ~—welded
o _ 4 _ 4
Moment of inertia: Ly = 61.84in »ly/-‘ 0.974in
. . ) ) .3 _ .3
Strong axis section mod: Sxbet = 7-251in m.— 19.193in
. . . _ .3
Weak axis section mod: »§J,W'_ 0.974in
Radius of gyration: T = 3.32in By = 0.417in
. . .4
Torsional constant: J.:= 0.65in
6061-T6 Mechanical Properties
Unwelded Welded Welded > 3/8
Tension Yield Stress: Ky = 35ksi Kggow = 15ksi Keywas, = 11ksi
Ultimate Tensile Stress: L= 38ksi Lo = 24ksi
Compression Yield Stress: Koy = 35ksi Koywn = 15ksi Koywas. = 11ksi
Ultimate shear stress: Foun = 24ksi Kswwn = 15Kksi
Tension coefficient: K= 1.0
31 of 77 Engineer: SSH/AJG

2/12/2014



Clark-Reder Engineering, Inc
4828 Business Center Way CLARK REDER
Cincinnati, OH 45246 S k%

ENGINEERING

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

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

Number of braces along span: n = 11

used.

Required strength: M, = 3.4kip(Ht MAXALLOWABLE FOR NEGATIVE BENDING
Beam span: L =22ft

Max unbraced length: Ly = 2ft

Beam weak axis MOI: Iy = 0.974[i|n4

FLG centroid distance: h

Ne,i= 11.75in = 0.50(2.25in + 2in) = 9.6250hn

Beam web thickness: Lan = 0.375in

Brace MOl [ := 0.552in" For RT2x2x1/8

Brace section modulus:@b/:: 0.552in3 For RT2x2x1/8

Brace length: Ly = 9.188ft

0.024, M
Required bracing moment: ;= ——— = 0.979&iphh
q g AMbrA nD.OULb p
241,
Bp.=30 3 = 29.24&kiphGh
n[}Ea[]]yl.O

3
33, iD1.5E|a.0mw
Rsee:’ h 15 12

j = 43.941&kipln
0

Br
= 5

T

1__

Required bracing stiffness: = 87.402&ipln

Bsec

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

2[E, [,
Brace stiffness: My aoonmstift = La = 101.137Riphn > Brp = 87.402[Kiplin
- br
Brace strength: My a0e, = 9-1ksil8y, = 5.023&iplin > My, = 0.979Kiplih

The required brace stiffness units are kip-in/rad

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.

Project:16x20 Mobile Stage
CRE Project #: 13.533.01
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Allowable Bending Capacity

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

Allowable stress: F o FaSubwbmton = 9.7ksi

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

Allowable stress: FI_E Subvbntopw = 4.8ksi Ft_F.8.1.1_t0p_w = 4 .8[ksi

Bending tension on bottom (flexure in round tube), F.8.1.1

Allowable stress: S Sbbnbotn = 19.5ksi

Bending tension on bottom (flexure in round tube), F.8.1.1-WELDED

Allowable stress: E s wFsSybvimbot = 9.1ksi 1<3/8"

6063-T5

6063-T5

6061-T6

6061-T6

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

Tension Yielding

F .
0.337 337 t
Fnpine = Fryl1 = ——— | +F, WBO— = 25.842[Rsi —LLPE = 56620
y 0.736 YW70.736 1.65
Tension Rupture
F Fiu pi
tu 0.337 337 t
L= [l - —2t +FtquIO— = 31.59ksi —LPPE = 6omsi
Kawpipe k; 0.736 0.736 1.95

Fru_pipe Ft”’ipe} = 15.662 s

Allowable stress: F S bbobwpwa - = min ,
& = 1.95 1.65
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CRE Project #: 13.533.01

CRE 102 of 150
02/12/14

Engineer: SSH/AJG
2/12/2014




BN
Clark-Reder Engineering, Inc Phone (513) 851-1223
4828 Business Center Way CLARK REDER Fax (513) 297-0934
Cincinnati, OH 45246 | - www.clarkreder.com
ENGINEERING

Bending compression on top (open shapes LTB), F.2.1 6063 T5
Unbraced length: I, := 24in Lpi=1.0
_ __ b _
Slenderness: SR = — Sgpo 1 = 57554
I'ym:b
Allowable stress:  Eg ko p,.g0p. = | (10:5—0.03608 5 1) Esi if Sp, 1 < 119 Fe F2.1 top = 84si
2 e
SF.2.1
Bending compression on top (open shapes LTB), F.2.1-WELDED 6063 T5
Unbraced length: L, := 24in L= 1.0
_ __ b _
Slenderness: SR = — o Sgpo 1 = 57554
I'ym:b
Allowable stress: g g j..gopaw:= | (53~ 0:01608p 5 1) &si if Sp 5 < 222 Fo F2.1 top w = 44si
2 e
SF.2.1
Bending compression on bottom (closed shapes LTB), F.3.1 6061 T6
Unbraced length: L, := 24in Sm= 1.0
20, [
Slenderness: = 00 Sp3q = 437424
0.5 .
Cb(lym)
Allowable stress: E;_pa Lwbot = (23.9 —0.238E$F_3_10'5>Dlsi if Spyq <1685 Fc_F.3.1_b0t = 18.9[Ksi
@E&si if 1685 < Sg 3|
S oJe
F.3.1
Project:16x20 Mobile Stage 34 of 77 Engineer: SSH/AJG
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Bending compression on bottom (closed shapes LTB), F.3.1-WELDED 6061 T6
Unbraced length: I, := 24in Lpi=1.0
2004, [3
Slenderness: S = ﬂ Sp3q =437424
C (I D) 0.5 -
by
Allowable stress: F BB ahbobuiin = (10.2 —0.085E$F_3_10'5>Dlsi if Sp3 1 <6943 t<3/8" F. F31 bot w = 8-4si
S oJe
F.3.1
Bending compression on bottom (closed shape LTB), F.3.1-PARTIALLY WELD AFFECTED t>3/8"

) . 0.337 337 |
Allowable stress: E;_Ea Lubotupw = |:FC_F.3.1_bOt[él = mj + Fc_F.3.1_bot_ng77} = 14.115[Rksi

Fo F.3.1 bot pw = 141150 si

Positive Bending

Allowable stress on top for positive bending: »Ebwt@p«:: F. F21 top_ W = 4.379&si

Allowable stress on bot for positive bending: Fotvbot= Ft F.81.1 bot_pw = 15.662[Rsi

Allowable positive bending moment: Ma_pOS 30 = min(FbC topEsxtop’Fbt botmxbot) = 7.004&ipit

Negative Bending

Allowable stress on top for negative bending: M:: Fi F81.1 top_ w = 4.8ksi
Allowable stress on bot for negative bending: Foewbot = Fc F3.1 bot_pw = 14.115R&si
Allowable negative bending moment: M, neg 32 o= min(Fbt topEsxtop'Fbc bot[beot'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

. 7.5in
h over t ratio: SG 2= S =20
0.375in G2

Allowable stress:  Fo. = o= [ (29&si) if Sg o < 56.7 Fv_G.Z_w = 2.9[ksi
(3.7 -0.148G o) i if 56.7 < S5 < 177

38665

SG.2

Allowable shear: Va kY) = 40111[03751an G2 w Va 30 = 435|Jhp

Allowable Compression

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

Unbraced length: T, =22 ft M:: 24in

10Mpy 100y
Slenderness: SE3. = max == Sg3 =79518
I'X I'y :
Allowable stress: g 5= [ (8.9~ 0.037 3)®si if 0 < Sp 3599 F, g3 = 6lksi
51352
si if 99 < S 5
2 .
SE3
Axial compression (member buckling), E.3-WELDED 6063_T5

Unbraced length: Ly = 264[n Lby = 24[h

10y 100y
Slenderness: SE,g. = max , Sg3 =79518
I'X I'y :
Allowable stress: Fq 3.0 = | (45~ 0.01608E 3)&si if 0 < Sp 3 < 185 Fo g3 w = 3:2Msi
2 .
SE3

Project:16x20 Mobile Stage
CRE Project #: 13.533.01
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Uniform compression (flat elements supported on both edges), B.5.4.2 6063_T5
7.5in
Slenderness: S = S =20
o S v e 0.375in B.5.4.2
Allowable stress: F;_B Sude2 = | 9-7ksi if Sg 549 <256 Fc_B.5.4.2 = 9.7[ksi

(11:8-0.0838p 5 4 5) si if 25.6 < S 545 <50

382
SB.5.4.2
Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6063_T5
Slenderness: = L S =20
- RBSdy= 3750 B.5.4.2

Allowable stress:  Fo b s 1o = |4.8ksi if Sg 545 <336 F. B542 w = 4.8M&si
(6.1 -0.0388p 5 45| ksi if 33.6 < Sg 54, <81

247 ..
S—I]ks1 lf 81 < SB542

B.5.4.2

Uniform compression (curved elements supported on both edges), B.5.4.5 6061 _T6
2in — 0.125in
Slenderness: = S =175
RBS" "0 12500 B.5.4.5

Allowable stress: EowByswdsn = |21-2ksi if Sp 545 < 27.6 F. B5.4.5 = 21.2[ksi

(262- 09448 5 4 s Jsi if 276 < Sp 545 < 141

3776

0.5)2
S . SB.5.4.5
B.5.4.5 — =
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Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6061 _T6
2in — 0.125in
Slenderness: S = S =175
BBy 2[0.125in B.5.4.5
Allowable stress: FS_B 5ndl 5_‘“ = 19.1ksi if SB545 < 464 FC_B545_W = 9.1[Ksi1

(18- 03968 5 4 5" Jksi i 464 < Sp 545 < 390

3776
0.5
SB545
Spsasilr—— o —
Allowable compression stress: Fo= min(Fc E3 w'fec B542 w'Fc B545 W) = 3.228[Ksi
Allowable compression: P, 37 = AlF, P. 3o = 18.107kip
Project:16x20 Mobile Stage 38 of 77 Engineer: SSH/AJG
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Roof Beam #3-3 Holes @ Banner Cutouts

Section properties

Project:16x20 Mobile Stage
CRE Project #: 13.533.01

Area: A= 6.125in” L
A A “_Weld

Moment of inertia: L = 86.743in A1%:: 0.980in
Strong axis section mod: S =11 266in3 S =21 441in3 &

9 T ARxbet T bRy T < cG

. . _ _ .3

Weak axis section mod: »§J,W'_ 0.680in
Radius of gyration: T = 3.763in By = 0.4in

. . .4
Torsional constant: J.:= 0.65in

Weld
6061-T6 Mechanical Properties
Unwelded Welded Welded > 3/8
Tension Yield Stress: Ky = 35ksi Kggow = 15ksi Keywas, = 11ksi
Ultimate Tensile Stress: L= 38ksi Lo = 24ksi
Compression Yield Stress: Koy = 35ksi Koywn = 15ksi Koywas. = 11ksi
Ultimate shear stress: Foun = 24ksi Ko = 15Kksi
Tension coefficient: K= 1.0
39 of 77 Engineer: SSH/AJG
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Unbraced Length for Beam #3-3for negative bending

FLG centroid distance: h

Ne.i= 11.75in = 0.50(2.25in + 2in) = 9.6250hn

Beam web thickness: Lan = 0.375in

Brace MOI: Jo. = 0.552in4
Brace section modulus:@b/:: 0.552in3

Brace length: L, . := 9.18750

0.024[M, L
Required bracing moment: ;= ——— = 0.671Riphh
q g AMbrA nD.OULb P
241,
»@&D«:: 3.0 = 21.082kipln
n(E, 1, 1.0
33, 5 15H6,°
“=al 3 Yo
= —[ = 43.941kipln
Hseo. hy \15 12 P
. o Br
Required bracing stiffness: g = —B = 40.524&ipln
T
1 -
BSCC

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

2[E, [,
Brace stiffness: My aoonmstift = La = 101.137Riphn > B1p = 40.524[Kiplin
- br
Brace strength: My a0e, = 9-1ksil8y, = 5.023&iplin > My, = 0.671XKiplih

The continuous 2x2x1/8 aluminum tube that is welded to the top flange beam #1 will be checked to determine ifitis an
acceptable LTB torsional nodal brace. The bracing requirements of the AISC 360-10, Appendix 6 will be used.

Number of braces along span:  n := 17

Required strength: M, = 3.6kip(Ht MAXALLOWABLE FOR NEGATIVE BENDING
Beam span: L= 220

Max unbraced length: L, = 2[ft

Beam weak axis MOI: Iy = 0.98[i|n4

The required brace stiffness units are kip-in/rad

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.
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Allowable Bending Capacity

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

Allowable stress: F o FaSubwbmton = 9.7ksi

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

Allowable stress: FI_E Subvbntopw = 4.8ksi Ft_F.8.1.1_t0p_w = 4 .8[ksi

Bending tension on bottom (flexure in round tube), F.8.1.1

Allowable stress: S Sbbnbotn = 19.5ksi

Bending tension on bottom (flexure in round tube), F.8.1.1-WELDED

Allowable stress: E s wFsSybvimbot = 9.1ksi 1<3/8"

6063-T5

6063-T5

6061-T6

6061-T6

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

Tension Yielding

F .
0.337 337 ¢
Fopmpiper= Fryll ———— | +F, 2T = 95 Raoimsi PP = i5.6620ksi
y 0.736 YW0.736 1.65
Tension Rupture
Fu 0.337 337 Fiu pipe
Foupipe = — 1= —— +FtuWEIO— = 31.59(&si — - 16.20si
k 0.736 0.736 1.95

Fru_pipe Ft”’ipe} = 15.662 s

Allowable stress: F S bbobwpwa - = min ,
& = 1.95 1.65
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Bending compression on top (open shapes LTB), F.2.1

6063-T5

Unbraced length: Lpi=1.0

L= 24in

S = —Lb

o PN v T 0.5
I'y b

Slenderness: Sgpoq =60

Allowable stress: F;_E Dolwbop: =

(105 -0.0368p 5 ) &si if Sp 5y < 119

86996

3
SF2.1

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

Unbraced length: Lipai= 24in

Ly

Slenderness:

SFedbn =

0.5
I'ym:b

Allowable stress: F w2l

Cpoi= 1.0

= [(53-0.0168p 5 1) &si if S < 222

86996 ..
> [ksi if 222 < SF21

SF2.1

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

Unbraced length: L, := 24in Sm= 1.0
20, [
Slenderness: = #t;o;
Cb(lym) '
Allowable stress: F owBedolwbeot = (23.9—0.238E$F_3_10'5>Dlsi if Sp3q <1685

23599
= [&si if 1685 < Sp 13|

SFE3.1

Fe F2.1 top = 8:3Ksi

6063-T5

Sp2.1 =60

Fe F2.1 top w = 4-30si

6061-T6

Fe F3.1 bot = 17-7Msi

Project:16x20 Mobile Stage
CRE Project #: 13.533.01
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Bending compression on bottom (closed shapes LTB), F.3.1-WELDED 6061 T6
Unbraced length: I, := 24in Lpi=1.0
2004, [3
t
Slenderness: S = ﬂ Sg3q = 677.55
C (I D) 0.5 -
by
Allowable stress: F BB ahbobuiin = (10.2 —0.085E$F_3_10'5>Dlsi if Sp3 1 <6943 t<3/8" F. 31 bot w = SKsi
S oJe
F.3.1
Bending compression on bottom (closed shape LTB), F.3.1-PARTIALLY WELD AFFECTED t>3/8"

) . 0.337 337 |
Allowable stress: E;_Ea Lubotupw = |:FC_F.3.1_bOt[él = mj + Fc_F.3.1_bot_ng.77} = 13.255[Rksi

Fo F.3.1 bot pw = 13:255Msi

Positive Bending

Allowable stress on top for positive bending: »Ebwt@p«:: F. F21 top_ W = 4.34[Rsi

Allowable stress on bot for positive bending: Fotvbot= Ft F.81.1 bot_pw = 15.662[Rsi

Allowable positive bending moment: Ma_pOS 33 = min(FbC topEsxtop’Fbt botmxbot) = 7.754&ipMit

Negative Bending

Allowable stress on top for negative bending: M:: Fi F81.1 top_ w = 4.8ksi
Allowable stress on bot for negative bending: Foewbot = Fc F3.1 bot_pw = 13.255[ksi
Allowable negative bending moment: M, neg 33 o= min(Fbt topEsxtop'Fbc bot[beot'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

. 7.5in
h over t ratio: SG 2= S =20
0.375in G2

Allowable stress:  F e (2.9&si) if SG, < 56.7 Fv_G.Z_w = 2.9[ksi

(3.7 -0.148G o) i if 56.7 < S5 < 177

38665

SG.2

Allowable shear: Va 33 = 55111[03751an G2 w Va 33 = 598“]11[)

Allowable Compression

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

Unbraced length: T, = 22 M:: 24in

10Mpy 100y
Slenderness: SE3. = max == Sg3 = 70.157
I'X I'y :
Allowable stress: g 5= [ (8.9~ 0.037 3)®si if 0 < Sp 3599 F, g3 = 6.3Msi
51352
si if 99 < S 5
2 .
SE3
Axial compression (member buckling), E.3-WELDED 6063_T5

Unbraced length: Lpx = 264[0h Lby = 24[h

X

Slenderness: SEa=

I'X I'y

1.0y, 1.0,
ma){—x —y] Sg 3 = 70.157

Allowable stress: Fq 3.0 = |(45 ~0.01608E 3)&si if 0 < Sp 3 < 185 Fo g3 w = 3AMsi

51352

SE.3

Engineer: SSH/AJG
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Uniform compression (flat elements supported on both edges), B.5.4.2 6063_T5
7.5in
Slenderness: S = S =20
o S v e 0.375in B.5.4.2
Allowable stress: FowBusudodn = |9-7ksi if Sg 549 <25.6 Fc_B.5.4.2 = 9.7[ksi

(11:8-0.0838p 5 4 5) si if 25.6 < S 545 <50

382
SB.5.4.2
Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6063_T5
Slenderness: e S =20
: RBSdy= 3750 B.5.4.2
Allowable stress: F owBSuddwwn- = |4-8ksi if Sg 54, <33.6 F. B542 w = 4.8M&si

(6.1 -0.0388p 5 45| ksi if 33.6 < Sg 54, <81

247 ..
S—I]ks1 lf 81 < SB542

B.5.4.2

Uniform compression (curved elements supported on both edges), B.5.4.5 6061 _T6
2in — 0.125in
Slenderness: = S =175
RBS" "0 12500 B.5.4.5

Allowable stress: EowByswdsn = |21-2ksi if Sp 545 < 27.6 F. B5.4.5 = 21.2[ksi

(262- 09448 5 4 s Jsi if 276 < Sp 5 4.5 < 141

3776

0.5
S . SB.5.4.5
B.5.4.5 — =
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Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 6061 _T6
2in — 0.125in
Slenderness: S = S =175
BBy 2[0.125in B.5.4.5
Allowable stress: FS BrSadnSmini = 19.1ksi if SB545 < 464 FC_B545_W = 9.1[Ksi1

(18- 03968 5 4 5" Jksi i 464 < Sp 545 < 390

3776
0.5
SB545
Spsasilr—— o —
Allowable compression stress: Fo= min(Fc E3 w'fec B542 w'Fc B545 W) = 3.377ksi
Allowable compression: P, 33 = AlF, P. 33 = 20.687&ip
Project:16x20 Mobile Stage 46 of 77 Engineer: SSH/AJG
CRE Project #: 13.533.01 2/12/2014

CRE 115 of 150
02/12/14




SN | .
Clark-Reder Engineering, Inc Phone (513) 851-1223
4828 Business Center Way CLARK REDER Fax (513) 297-0934
Cincinnati, OH 45246 | - www.clarkreder.com
ENGINEERING

Allowable capacities based off of 3-Condtions above

Allowable Compression: P,.3:= min(PC 31,P¢ 32,P¢ 33) = 18.107kip

Allowable Positive Moment: M, po¢ 3 1= min(M, pos 31:My pos 32:Ma pos 33) = 7-004Ripl
Allowable Negative Moment: Ma_neg_3 = min(Ma_neg_31 ,Ma_neg_32,Ma_neg_33) = 3.4ftlkip
Allowable Negative Moment: V, 5 := min(Va 31Va 32:Va 33) = 4.35kip
Stage I-Beam #3 - Loads
9[fit + 2.250n
DEAD DLpeam3 = 100psf Eéfj = 45.938[plf
WIND
. (fit + 2.250h
Tributary for beam: ib = (%j = 4.594 1t
At 30 mph, the beam loads are:
Uplift Whanwae, = 1.6sfrib = 7.35[pIf
Downward = W4 v ae.-= 1.70sfrib = 7.8091f
At 50 mph, the beam loads are:
Uplift MMO«:: 4 Apsf [rib = 20.213pIf
Downward W4 o so.-= 4.8sfrib = 22.053If
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Stage | Beam #3 Check for DL + 30 mph Wind

Axial compression:
Moment:

Shear:

Positive Bending

Combined utilization:

Negative Bending

Combined utilization:

Check:

Shear

Combined utilization:

Check:

My pos 3 = 2.6kipl My peg 3 = 2.6kip(t

Vyp3 = 12901bf

P M
b3 . X_pos_3 - 04

Uty =
- Pa_c_3 M, . pos 3

check,:= ["OK" if utly; | < 1.0 ="OK"

"NG" otherwise

P M
b3 3
W= 2B 765
- Pa_c_3 Ma_neg_3
gheck := |"OK" if utly; | <1.0 ="OK"
"NG" otherwise
Vyb3
Wil = == = 0.297
Va_3
Sheck := ["OK" if utl, < 1.0 ="OK"

"NG" otherwise
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Allowable Rigqging Capacity of Stage | Beam #3

Length of I-Beam #3: Ly = 22ft

8[QMa  pos 37 Mmax)

UDL: UDLj , =

- 0.75[QL3)2
Pl e et o
e T
QPL: QPLy = 2[€Ma_p0$_3 B Mmax)

0.75L4

Length of I-Beam #3: Ly =22t

8[QMa pos 37 Mmax)

UDL; := :
L3

CPLy = 4[QMa _pos 37 Mmax)
L3

TPL = 3 [QMa _pos 37 Mmax)
L3

QPLj := ZEQMa_POS_:i - Mmax)

Ly

Maximum moment in Stage |I-Beam #3 from RISA: M

Maximum moment in Stage |I-Beam # from RISA:

Minax, = 2-60tEip

Allowable Capacity

UDLj , = 97.0590pIf

1067.652 1bf

CPL;

800.739 Ibf

TPLj

QPLj |, = 533.8261bf

Minaw = 2-20Eip

Allowable Capacity

UDL3 = 79.406[plf

CPLy = 873.466Ibf

TPLy = 655.11bf

QPLjy = 436.7331bf

for Load Combination DL+0.75L+0.75Whwap

for Load Combination DL+LL

Allowable Capacity For Reuse

0.85UDLy , = 82.5(pIf

0.85UDLy  [L3 = 1815.008 Ibf

0.85CPLy y, = 907.5041bf

0.85TPLy ,, = 680.628Ibf

0.85QPLy , = 453.7521bf

Allowable Capacity For Reuse

0.835UDL3 = 67.495[plf

0.35UDL4L3 = 1484.893 Ibf

0.85CPL3 = 742.446Ibf

0.85TPL3 = 556.835Ibf

0.85QPL3 = 371.223 Ibf
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Allowable Loads on Stage | Beam #3

Allowable Loads for Upstage Beam #3

UK, = min(UDL3,UDLj ) = 79.406(plf 0.85[UDL = 67.495[plf
0.85UDLI[Ly = 1484.893 Ibf
GPL,:= min(CPLy,CPLy ) = 873.466bf 0.85[CPL = 742.446 Ibf
TR, = min(TPL3, TPL3 ) = 655.11bf 0.85[TPL = 556.835 Ibf
QPL := min(QPL3 ,QPL, W) = 436.733 Ibf 0.85[QPL = 371.223 Ibf

Tower Support Beam

Beam s a 1" x 3" solid bar with hole for mounting to truss tower

Bending tension (element in flexure), F.8.1.2

Allowable stress: Fi F812 = 27.6ksi

Bending compression (rectangular bars LTB), F.4.2

Unbraced length: [, := 28in Sm= 1.0
0.5
. L
Slenderness: Sp40 = 311 b.
o lin | CBin

Allowable stress: F. Fq0 = (40.5 = 0.928ESF.4.2) [Ksi if SF.4.2 <29

11420 _ . .
2 [ksi if 29 < SF42

SF4.2

Bending compression in web (element in flexure), B.5.5.1

Slenderness: Sg55.1 = 13%
T Um

Allowable stress:  F, g 551 := [(27.6[&si) if Sg 55 <493

Fe Fqp = 320si

SB.5.5.1 =3

FC_BSSI = 27.6[Ksi

(40.5 - 0.262ESB_5_5_1)|]15i if 4993 < Sgss51 <77

1563

SB.5.5.1
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Allowable bending stress: Fpx = min(Ft F8.12Fc Fa2.Fc B.5.5.1) = 27.6lksi

lin[(3in — 0 75in)2
Allowable bending: Mpoam allow == 5 - Fpy, = 1.941&ipHt > 1.8 kip-ftin 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= 5.75in2 = 47.5in4

_ .4 _ . 4 __ .3 __ .3 . . . .
Jw'_ 31.7in »lvy/" 31.7in Sx = 10.6in S. = 10.6in o = 2.35in r.. .= 2.35in

.

Allowable Compression Capacity I%, =1.82 K, = 1.7

Axial compression (member buckling), E.3

Unbraced length: L, := 12.6660t M:: 12.666ft

K, Ly, KL
Sxbx oy Sg3 = 117.713

I'X I'y

Slenderness: SEa= max(
Allowable stress: g 53,:= [(20.3 - 0.12708 3) i if 0 < Sp 53 < 66 F, g3 = 3.7si

51352
~ (i if 66 < Sp 3

SE3

Axial compression (member buckling), E.3-WELDED t<=3/8"

Unbraced length: Ly = 12.666ft Lby = 12.666 ft

X
K, Ly, KL
Sxbx Sy Sg3 = 117.713

I'X I'y

Slenderness: SEa= max(

Allowable stress: Eq ..o = [(8:7 ~0.04308p 3)si if 0< Sp 3 < 133 Fo g3 w = 3.6lsi

51352
~lhsi if 133 < S 3

SE.3
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Uniform compression (flat elements supported on both edges), B.5.4.2

Slenderness:

SB.5.42 =24

_b
83542.—:

Allowable stress: 21.2ksi if SB.5.4.2 < 20.8

E owBobvdode =
(27.3 - 0.291ESB_5_4'2) (si if 20.8 < Sg 549 < 33

580

SB.5.4.2

Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED t<=3/8"
b
Slenderness: By = = Sps40 =24
R .5.4.
Allowable stress: FowBysuddwwn = | 9-1ksi if Sg 54, <282
(12.0-0.1058p 5 4 o) Wsi if 282 < Sp 54, < 58
346
SB.5.4.2

Allowable compression: P 6x6 = ABnin(FC E3 Fe B.5.4.2)

Allowable compression - WELDED:  P; g6 = ABnin(FC E3 w'fc B5.4.2 W)

Allowable Bending Capacity

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

Allowable stress: Fi Fg11°= 19.5ksi

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

Allowable stress: Fi F811 w'= 9.1ksi t<=3/8"

Bending tension (element in flexure), F.8.1.2

Allowable stress: R T R 27.6ksi

Fe B5.4.2 = 2030si

Fe B5.42 w= 9 1Msi

Pe gx6 = 21.31ip

Pe 6x6 w = 20.92ip
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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: T, := 12.666[ft Lpi=1.0
208,
Slenderness: SEaden= — Sg31 = 83.039
Cy (L,0)

Allowable stress: FC F.3.1 = (239—0238[$F3105>[RSI if SF31 < 1685 FC F.3.1 = 21.7&si1

23599

———&si if 1685 < Sp 3

SF.3.1

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

Unbraced length: Ly = 151.9920 Cp=1
208,
Slenderness: S — Sg3.1 = 83.039
0.5 .
Cy (L,0)
Allowable stress: FC_F.3.1_W = (102 - 0082[SF3105)|]151 if SF31 < 6943 FC_F.3.1_W = 9.5[Ksi
23599

Msi if 9618 < Sg 5 |
SE3.1

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

Fe B5.4.2 =2030si

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

Fe B5.42 w =9 1Msi
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Bending flexural compression (flat elements supported on both edges), B.5.5.1

d
Slenderness: Sg551 == Spss. =24
5.5, ; .5.5.

Allowable stress: FS Br5a5ul = | 27.6ksi if SBSSI <493 FC_BSSI = 27.6[Ksi

(405 -0.2628p 5 5 1) Esi if 49.3< S 551 <77

1563

SB.5.5.1

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

. _d
Slenderness: B =

. SB.5.5.1 =24

Allowable stress: FC B.551 w = | 11.8ksi if SB551 < 64.2 FC B551 w = 11.8[Ksi
(16.0-0.06508p 5 5 1) si if 64.2< S 551 < 123

982
——[&si if 123 <Sg 55

SB.5.5.1

Allowable strong axis bending stress - UNWELDED: Fow = min(Ft F81.1Ft F812:Fc F3.1:Fc B54.2 Fe B.S.S.l) = 19.5[ks!

Allowable strong axis bending stress F ‘= min(F ,F ,F ,F ,F = 9.1[&si
WELDED: bx w ( t F81.1 w''t F81.2 w''c F3.1 wc B.542 w c_B.5.5.1_w)

Allowable bending: Megx6 = SxFpx Mgy = 17.225Riplit

Allowable compression - WELDED: Mg, ¢ o = S,y Mgy w = 8-038[Kiplit
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Vertical shear, G.2-WELDED {<=3/8"

- _d
h overtratio: SGav= T
Allowable stress: F e (5.5&si) if S, <475
(7.3 -0.0388 ) Esi if 47.5 < S 5 < 126
S o '
G2
Allowable shear: Vex6 w = 2Wb - 20MF,, 57 w

Worst case load combination is D+W40 Case B (wind off set 0.2B per ASCE7-05)

Axial compression:  Axial := 1.6[&ip

Moment: M= 0.7Kip[Ht M,y@:: 1.90kipt
Shear: Ve, = 3000bf V!,é = 0bf

=04

Combined utilization: Ul dode = + +
- Pc_6x6_w M6x6_w M6x6_w

Check: gheck == |"OK" if utly; ; <1.0 ="OK"

"NG" otherwise

FV_G.Z_W = 5.5[Kksi
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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

AIQN:: 4in QN:: 4in = 0.5in /\AN\N:: 7.Oin2 = 21.4in4
= 14.61 - = 14.61 - S_ = 7.29i 3 S = 7.29i 3 = 1.44i = 1.44i
Jw'_ .6in »lvy/" .6in S 7.291n Sy = 7.291n T = 1.44in va/" 44in

Allowable Compression Capacity }%ﬂ:: 1.75 K = 1.7

Axial compression (member buckling), E.3

Unbraced Ly = 12.666[H L = 12.666[ft
AMb/XA Mhb)f/\

length:

Kyllpy Kyl
Slenderness: SEa= max(—x b Sg3 = 184.713

I'X T, )
y

Allowable stress: g 5. [(20.3 - 0.12708 3) &si if 0 < Sp 53 < 66 Fe g3 = 1.5 si

51352

TMsi if 66 < Sp 3
SE3

Axial compression (member buckling), E.3-WELDED {>3/8"

Unbraf:ed Lpx = 12.666 ft Lby = 12.666ft
length:
Ky Ky,
Slenderness: SEa ma){—X b Sg3 = 184.713
T, T, '
X y
Allowable stress: Eq ..o = [ (63 ~0.0278g 3)si if 0< Sp 3 <157 Fo B3 w = 1.5si
2 .
SE3
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Uniform compression (flat elements supported on both edges), B.5.4.2

. _b _
Slenderness: M" : SB_5,4,2 =38

Allowable stress: FouBusudon = 21.2ksi if Sg 549 < 20.8
(273 -02918p 5 4 5) Esi if 20.8 < S 545 <33

580

SB.5.4.2

Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED >3/8"

Slenderness: SBudan= b SBs5.42 =8

Allowable stress:  Fo b s 4o = |6.7ksi if Sg 54, <308
(86 -0.0638p 5 4 5) ksi if 30.8< S 54, <68

293
SB.5.4.2
Allowable compression: P 4x4 = ABnin(FC E3 Fe B.5.4.2)

Allowable compression - WELDED: P 4.4 v = ABnin(FC E3 w'fc B5.4.2 W)

Allowable Bending Capacity

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

Allowable stress: R B Soborba = 19.5ksi

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

Allowable stress: E St = 6.7ksi t>3/8"

Bending tension (element in flexure), F.8.1.2

Allowable stress: R T R 27.6ksi

Fe B5.4.2 = 2120si

Fe B5.42 w = 0.7Msi

Pe 454 = 10.536Rip

Pe 4x4 w = 10.536kip

Project:16x20 Mobile Stage 58 of 77
CRE Project #: 13.533.01

CRE 127 of 150
02/12/14

Engineer: SSH/AJG
2/12/2014




Clark-Reder Engineering, Inc
4828 Business Center Way CLARK REDER
Cincinnati, OH 45246 | L

ENGINEERING

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

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

Allowable stress: ST I T o A 8.7ksi t>3/8"

Bending compression (closed shapes LTB), F.3.1

Unbraced length: T, := 12.666[ft Lpi=1.0
208,
Slenderness: SEdudn= — Sp3q = 12537
Cb(lym)

Allowable stress:  F ©a ) = (23.9—0.238[$F_3_10'5>[Rsi if Sp 3 <1685

23599

————[&ksi if 1685 < Sp 3

SF.3.1

Bending compression (closed shapes LTB), F.3.1-WELDED {>3/8"

Unbraced length: Ly = 151.9920n Cp=1

20y (8,

Slenderness: SF.3.1 = 125.37

' Cb (Iyﬂ) 0.5

Allowable stress: F owFedal = (7.4—0.05ESF.3.10'5)|]15i if SF.3.1 < 9618
23599
SE3.1

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

Slenderness: SBusdan= b SBs5.42 =8

Allowable stress:  F. o < 49 := |21.2ksi if Sg 545 <20.8
(273 -02918p 5 4 5) Esi if 20.8 < S 545 <33

580

SB.5.4.2

FC_F.3.1 = 21.2[Ksi

FC_F.3.1_W = 6.8[Ksi

Fe B5.4.2 = 2120si
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Bending uniform compression (flat elements supported on both edges), B.5.4.2-WELDED >3/8"

Slenderness: SB s

b
N Sp.s42 =8

Allowable stress: F B S dttin- = 6.7ksi if SB.5.4.2 < 30.8 F. Bs542 w= 6.7Ksi

(86 -0.0638p 5 4 5) ksi if 30.8< S 54, <68

293

B.5.4.2

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

. _d
Slenderness: SBE =

. SB.5.5.1 =8

Allowable stress: E owBSuSaba = 27.6ksi if SB.5.5.1 <493 F. Bs551= 27.6[Rsi

(405 -0.2628p 5 5 1) Esi if 49.3< S 551 <77

1563

SB.5.5.1

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

Slenderness: SBsdn = SB.s5.s5.1 =8

Allowable stress:  Fo b < =1 = |8.7ksi if S 551 <703 F. B55.1 w = 87si
(11.4-0.0398p 5 5 1) si if 703 <S55 < 145

830

SB.5.5.1

Allowable strong axis bending stress - UNWELDED:@M:: min(Ft F81.1Ft F812:Fc F3.1:Fc B54.2 Fe B.S.S.l) = 19.5[ksi

Allowable strong axis bending stress  Eg = min(Fy £ 811 wFi F.8.12 wFe F3.1 wFe B542 wFe B55.1 w) = 67%si
WELDED: & _F8.LI_w Tt F8.1.2 weic F3.1_w e B.542 w e BSS.1

Allowable bending: Myxa = SxFpy Myy 4 = 11.846Riplit

Allowable compression - WELDED: My, 4 + = SxFpx w Myxaq w = 4-07RKiplk
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Vertical shear, G.2-WELDED {>3/8"

- _d
h over t ratio: SG w= T

Allowable stress:  F e (4.0&si) if SG, <519
(52-0.0238¢ o) Esi if 51.9 < S5 < 149

38665

Q &si if 126 < S 5
Allowable shear: V4X4_W = 20b - 2t)EI]FV_G.2_W
Axial compression:  Axialy := 2[Rip
Moment: M, 4 = 1.2kip[ft My4 = 1.9kip[Ht
Shear: V4 = 300Ibf Vy4 := 3001bf

Combined utilization: Wliduedy = P + = A ™ = 0.452
- c 4x4 4x4 4x4

Check: gheck, == |"OK" if utly; ; < 1.0 ="OK"

"NG" otherwise

SGg2 =8

FV_G.Z_W = 4[Ksi
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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):

Base metal shear ultimate welded (6063-T5):

Base metal tensile ultimate welded (6063-T5):

Safety factor:

Size of weld:

Effective throat of fillet weld:

Weld nominal shear capacity:

Allowable shear force in fillet weld:

1/4" Fillet weld allowable capacities

Fguf = 11.5ksi

F o = 11ksi conservative
Foane = 17ksi conservative
n, = 1.95
3
S, ;= —in
W16
Sw
throat ;= — = 0.1330h
/2
Foy = min(Fg,plihroat, Fg (8 Fy 18} = 1 525d<—
o Fsw N dﬂ_p
u

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):

Base metal shear ultimate welded (6063-T5):

Base metal tensile ultimate welded (6063-T5):

Safety factor:

Size of weld:

Effective throat of fillet weld:

Weld nominal shear capacity:

Foufn = 11.5ksi
Lo = 11ksi conservative
P v = 17ksi conservative
M= 1.95
1.
= —In
R
S
throat 1= = 0.1770h

7

mm( Suf|Ihroat FsuwBW’Ftuw w) 2033d(—
SW

Allowable shear force in fillet weld: weld; 4 = — weld 4 = 1.043d(1—p
14 n 14 in
u
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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: Liveld := 6in

2

. i . Lyveld
Weld section modulus: Sweld = — g + Lye1qloin = 48@;

. . 1.6kipit Ibf i
Required weld capacity:  weld := Okip S 6001 =0. 425d(— weldj4 = 1.043d(.1—p
Sweld 4L yyeld in i

Weld check: check == ["OK" if weld < weldj, = "OK"

"NG" otherwise

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): K= 11.5ksi
Base metal shear ultimate welded (6063-T5): Fuwn = 11Kksi conservative
Base metal tensile ultimate welded (6063-T5): L = 17ksi conservative
Safety factor: M= 1.95
. 3.
Size of weld: i gm
: : Sw
Effective throat of fillet weld: throat := — = 0.2650h
2
Weld nominal shear capacity: mm( quf throat, Fo I8 0 Fo o 8 W) 3. 049d(—
F B
Allowable shear force in fillet weld: weldzg = v weldyg = 1.564d(.1—p
u mn
Axialy

Demand on weld:  weld := =0. 167d(—

2[6in
Weld utilization: g = el utly g = 0213

. ul — - L.
weld weld weld
316
Check: checkyoq := | "OK" if utlygq < 1.0 checkyo1q = "OK"
"NO GOOD" otherwise
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(2) C6x3.0 MAST BEAMS

Material is 6061-T6. Use welded properties to be conservative.

Section Properties for (1) Channel

»L)N:: 1.945in QN:: 6in = 0.343in t = 0.2in b o= 0.225in »ﬁ“m:: 2'55in2
_ .4 _ . 4 __ .3 __ .3 . . . .
»lm'_ 13.6in »lvy/" 0.73in @W.— 4.52in »§»y/" 0.51in o = 2.31in va/" 0.54in

Allowable Compression Capacity

Axial compression (member buckling), E.3

Unbraced L, = 5050 Ly = 5.050t
b Mhb/y/\
length:
1Oy l.OEILby
Slenderness: SE3. = max == Sg3 = 112222
I'X I'y '
Allowable stress: g 5= [(20.3 - 0.12708 3) i if 0 < Sp 3 < 66 F, g3 = 4.1si
21352 ksi if 66 < Sg 3
2 .
SE3
Axial compression (member buckling), E.3-WELDED {<3/8"
Unbraf:ed Lpx = 60.60n Lby = 60.60n
length:
LOMy l.OEILby
Slenderness: SE,3. = max == Sg3 = 112222
I'X I'y '
Allowable stress: Eq, .3, = [(8:7 ~0.0438p 3)ksi if 0< Sp 3 < 133 Fo 3 w = 3.9Msi
51352
2 .
SE3
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Uniform compression (flat elements supported on one edge), B.5.4.1

b
Slenderness: SB541 == S 54,1 = 5671
5.4. R 5.4,

Allowable stress: FC B.5.4.1 = |21.2ksi if SB541 <6.7 FC B.5.4.1 = 21.20%si
(273 -0.9108p 5 4 1) si if 6.7<Sgs54 < 12

2417

SB.5.4.1

Uniform compression (flat elements supported on one edge) B.5.4.1-WELDED  t<3/8"

. _b _
Slenderness: SBSvdnle = : S 54,1 = 5671

Allowable stress: FC B.54.1 w = |9.1ksi if SB541 <9 FC B54.1 w = 9.1[Ksi
(12-0.3278p 5 4 1) &si if 9< Sp 54 <25

2417 ..
—ZE&& if 25 < SB541

SB.5.4.1

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

SB.5.4.2 = 26667

Slenderness: §B S = i
tw

Allowable stress: B S dn = 21.2ksi if SB.5.4.2 <20.8 F. Bs542 = 19.5[%ksi

(273 -02918p 5 4 5) Esi if 20.8 < S 545 <33

580

SB.5.4.2
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Uniform compression (flat elements supported on both edges), B.5.4.2-WELDED 1<3/8"
Slendemess: g o =
enderness: S = t\_;v SB.5.4.2 = 26.667
Allowable stress: FowBuSudndomnn = | 9-1ksi if Sg 547 < 28.2 F. B542 w = 9-1&si

(12.0-0.10508p 5 4 o) si if 28.2< Sp 54, < 56

346

SB.5.4.2

Allowable compression stress: Lo = min(Fc E3 Fe B54.1-Fc B.5.4.2) = 4.078Ksi

Allowable compression stress-WELDED: F, ., = min(FC E3 w'Fc B54.1 w'Fe B.5.42 W) = 3.874[Ksi

Allowable compression: P, channel := A, P. channel = 10-398Kip

Allowable compression - WELDED: P AlF P

¢_channel w '~ cCw ¢ _channel w = 9.88[Kip

Allowable Bending Capacity

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

Allowable stress: R B Soborba = 19.5ksi

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

Allowable stress: E St = 9.1ksi 1<3/8"

Bending tension (element in flexure), F.8.1.2

Allowable stress: R T R 27.6ksi

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

Allowable stress: R I = 11.8ksi 1<3/8"
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Bending compression (open shapes LTB), F.2.1

Unbraced length: L, := 5.050t
Ly
Slenderness: =— = .
STt G Spoq = 112222
I’ym:b

é_o
i
=

Allowable stress: F. Fo 1= (23.9 —0.124ESF.2.1)|]15i if SF.2.1 <79

86996

3
SF2.1

Bending compression (open shapes LTB), F.2.1

Unbraced length: L, := 50in Sm= 1.0
Lp
Slenderness: SERen= — Spo.1 =92.593
I’ym:b
Allowable stress:  Fy 1 = [(102-0.0438p 5 ) si if Sp,; < 160 t<3/8"

86996 _ . .
ZE&SI if 160 < SF21

SE2.1

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

Slenderness: §B vl = = SB.5.4.1 = 5.671

Allowable stress:  Fo o < 4 1.:= |21.2ksi if Sg 541 <6.7
(273 -0.9108p 5 4 1) Esi if 6.7< Sy 54 < 105

186
—[&si if 10.5<Sg 54

SB.5.4.1

FC_F.2. 1 = 6.9[%ksi

FC_F.2. 1_W = 6.2[Ksi

Fe B4 = 2120si
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Bending uniform compression (flat elements supported on one edge), B.5.4.1-WELDED <3/8"

Slenderness: SBusvdnln= S 54,1 = 5671

L
t
Allowable stress:  F. o < 41 = |9-1ksi if Sg541 <90 F. B54.1 w=9-1&si
(12.0-03278p 5 4 1) s if 9.0< Sg 54 < 184

111

SB.5.4.1

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

Slenderness: SBSvinle = Sg5.5.1 = 26.667

4
t

Allowable stress: E owBSuSaba = 27.6ksi if SB.5.5.1 <493 F. Bs551= 27.6[Rsi

(405 -0.2628p 5 5 1) Esi if 49.3< S 551 <77

1563

SB.5.5.1

Bending flexural compression (flat elements supported on both edges), B.5.5.1-WELDED 1<3/8"

Slenderness: §B S i
tw

Allowable stress: | W T 11.8ksi if SB.5.5.1 <642 F.B551w= 11.8[Rksi

(16.0-0.06508p 5 5 1) si if 64.2< S 551 < 123

982
——[&si if 123<Sp 55

SB.5.5.1

Allowable strong axis bending stress - UNWELDED:@M:: min(Ft F81.1Ft F812:Fc F2.1:Fc B54.1:Fc B.S.S.l) = 6.908 Rsi

Allowable strong axis bending stress Ey = min(F( pg 1.1 wF F.8.12 wFe F2.1 wFe Bs4l wFe B55.1 w) = 62195
WELDED: & F8.LIw Tt F8.1.2 weic F2.1_w e B.S41 w e BS.S.1

Allowable bending: My peam = SxFpx My peam = 2-602Riplit
. . . S, = 4.52[i|n3 .
Allowable bending -WELDED: My peam w = SxFbx w X My peam w = 2-342Kip[Ht
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Vertical shear, G.2-WELDED

. d
h over tratio: S =—
e yey
tw
Allowable stress: F,‘_G D= (5.5&si) if S, <475
(7.3 -0.0388 ) &si if 47.5 < S 5 < 126
38665
8G.2
Allowable shear: Vieam w = Ty G2 w

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: M, = 1.6kip[Ht My := Okiplft

Shear: V. = 0Ibf 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.

FV_G.Z_W = 5.5[Kksi

Vbeam w = 74251bf

g 0.5M
Combined utilization:  wtlyy 4 = 0.5Axial + X - 0342
- Pc_channel_w Mx_beam_w
Check: Sheck = |"OK" if Utlhl_l <10 ="OK"
"NG" otherwise
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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:  E. . = min(24ksi, 24ksi) = 24[Rsi minimum of base metal and 4043 filler

Affective weld area: Aye = %[O.IZSin throat of groove weld, conservatively assuming GTAW
Nominal strength of weld: Ry b = FruwPBwe = 2- 25d(—
R
Allowable strength of weld:  weld; |, := lng_;b = 1.154 ,lp
— o m

Shear capacity

Ultimate strength of weld:  E 0 := min(15ksi, 11.5ksi) = 11.50ksi ~minimum of base metal and 4043 filler

Affective weld area: Aye = 0.0940n throat of groove weld

=1 078d(—

Nominal strength of weld: Ry b = FuwPwe

R 3
Allowable strength of weld:  weld, 1, := ;;:b = 0.553d(,1—p
— o 1

Moment on connection: M, := 0.7kip(t
Vertical shear on connection: Vy conn -= 300Ibf
Axial force from beam: Aconn = 300Ibf

.2 .3
Weld section modulus: S .14 = % = 12dfl—
m

2 2
M 2.5in V A ;
Demand onweld:  weld := conn * Aconn + y_c.onn +[ ?Onnj =0.778 .1p
Sweld 4[3in 5in[4

Project:16x20 Mobile Stage 70 of 77 Engineer: SSH/AJG
CRE Project #: 13.533.01 2/12/2014

CRE 139 of 150
02/12/14




Clark-Reder Engineering, Inc
4828 Business Center Way CLARK REDER
Cincinnati, OH 45246 | L

ENGINEERING

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

e weld
Utilization of weld: utl =——— =0.674
el (weld, )
Check check := |"OK" if utlyq < 1.0 ="OK"

"NG" otherwise
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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):
Base metal shear ultimate welded (6063-T5):
Base metal tensile ultimate welded (6063-T5):

Safety factor:

Size of weld:

Effective throat of fillet weld:

Weld nominal shear capacity:

Allowable shear force in fillet weld:

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):
Base metal shear ultimate welded (6063-T5):

Base metal tensile ultimate welded (6063-T5):

Safety factor:

Size of weld:

Effective throat of fillet weld:

Weld nominal shear capacity:

Fouf, = 11.5ksi

F o = 11ksi conservative
Pl v 17ksi conservative
M= 1.95

S. = —in

NWV 16

Sw
throat == — = 0.1330h
V2

— _ ip
Esm = mm(FsufEhroat,FSUWESW,FtUWESW) = 1.525%

Foufn = 11.5ksi
Lo = 11ksi conservative
P v = 17ksi conservative
M= 1.95
1.
= —In
R

throat 1= = 0.1770hn

Sw
/2

- ip
weldy | = 0.782%

N - ip
Fowa:= min(Fg,plihroat, Fg, 13 Ftuwmw)_z'()”d(i:

suw —w’

F 5
Allowable shear force in fillet weld: Neldia = v weldjy4 = 1.043d(.1—p
n, in
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Connection of Beam #1 to RT6x6x1/4

Allowable bending stress for flat plate bending: fi .oy = 11.8ksi  <=0.375
Allowable shear stress for welded fv_allow = 5.5ksi <=0.375
Total length of connection: L., . := 83.77in
Moment in connection: Moonn, = 1-95kipt
. .. _ in
Section modulus of connection: S = 167.06I
M .
Load atextreme weld: fy) . .= L. 0.14d(.1—p
— S in
conn
- 3
| 5: 91 e -
I T TI L ‘ o g
| & ; . e N ) :_.I r'J 1 Y o
Ta ‘ '
N &
| ¢ o}
TE { ',;ﬁ} %::
|;f..__
|
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= ] TSR n i | g
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Forces on Welds from Moment

Moment on connection: M, = 23.4[Riplin

Demand on welds

M , M , M ,
Tension side: £ q = —2 < 0ED = —2 < 0 g6ED 3= —2 = g o1aEl
in3 m in3 m in3 mn
217.3— 2723 — 1686.6—
m m m
M , M , M ,
£y = —SOM _  osER foo i — SO o34 foom SO osgr
Compression side: w e mn w3 i mn wo i mn
' 4358.6— 683.6— 401.5—
m m m
M M , M
conn lp i conn lp conn lp
AR —0087% A= . _0111% AR _014%
in in in
268.5— 210.4— 167.1—
m m m
Forces on weld
25i
T = 2[Efw2[2.25in+ (fiw1 ~ fi2) E}Z_m} = 435.645(bf
T, = 2(f,,,0.5625in) = 96.676[Ibf
5i
= 2[Efw3n.5m +(fy2 = fy3) Ejz—m} = 0.749kip
f
3
= %Dinﬁr[@.n = 31.3820bf
Total tension force: Tiot = Ty + Ty + T3 +Ty = 1312.269 Ibf
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fW4

Cy= TDinBr[O.28 =472

W

31bf

[ . in| _ .
Cy 1= 206y Bin + (fy5 - fw4)E132— = 0.119[Kip

C3 1= 20fy6Bin + (7 ~ £y,

Cy 1= 206y, gBin + (g ~ £y

6) @ = 0.436[&ip

) @ = 0.754[&ip

Total compression force: C;; := C| +Cy +C3+Cy = 1313.5751bf

Wall bending check at bottom of qusset

Effective width of tube wall:

Allowable loads in tube wall

Allowable load at extreme weld: P

bwall = 5.5in

.2
_ bwa]lm0.251n)
wall_allow = ¢ b_allow

= 0.676[Ripkn

Vivall_allow = bwall0-25n0, 1oy, = 7-563Kip

M B8
. wall_allow _
mm[— 'Vwall_allowDJ = 940.58 Ibf

Wall_allow T 5.751n
shegk, = ["OK" if Pyap ajow > €4 = "OK" Cy
Check: i~ ) = 0.801
NG" otherwise Pwall_allow
Project:16x20 Mobile Stage 75 of 77 Engineer: SSH/AJG
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Wall bending check at top of connection

Effective width of tube wall: b ol = 7-5in

.2
Allowable loads in tube wall: _ byyg[00.25in) _ ,
Mwa]]_a]]w = 7%}“0\” = 0.922&ipl
VWH_M]EW = bwallm'zsin[ﬂv_allow = 10.313&ip
M B8
11_all
Allowable load at extreme weld: Pt atiow. ' min[ Was ;;I’W ,Vwan_anOWDJ = 1282.609 Ibf
Ty +Ty+T;
Check: m:: "OK" if PW&H_&]]OW > Tl + T2 + T3 = "OK" P— = 0.999
wall allow
"NG" otherwise
Project:16x20 Mobile Stage 76 of 77 Engineer: SSH/AJG
CRE Project #: 13.533.01 2/12/2014

CRE 145 of 150
02/12/14




Clark-Reder Engineering, Inc Phone (513) 851-1223
4828 Business Center Way CLARK REDER Fax (513) 297-0934
Cincinnati, OH 45246 | L % www.clarkreder.com

ENGINEERING

Speaker Beam

Beam s a 1" x 3" solid bar with holes for rigging.

Bending tension (element in flexure), F.8.1.2

Allowable stress: FI_E Suka2n = 27.6ksi

Bending compression (rectangular bars LTB), F.4.2

Unbraced length: I, := 28in Lpi=1.0

05
o .o 3mf b
ABADT in | ¢, Bin

Slenderness: Sp4.0 =9.165
Allowable stress: g 40,= (405 - 0.92808p 4 o) Ksi if Sp 45 <29 F. pao = 32Msi
11420 _ . .
2 [&Sl lf 29 < SF42

SF4.2
Bending compression in web (element in flexure), B.5.5.1

3in
Slenderness: SB i T Sss51 =3

Um e
Allowable stress:  F. o < =1 = |(27.6[&si) if Sg 551 <49.3 F. B5.5.1 = 27.6[si

(405 -0.2628p 5 5 1) Esi if 49.3< S 551 <77
1563
SB.5.5.1

Allowable bending stress: Fow = min(Ft F8.12Fc Fa2.Fc B.5.5.1) = 27.6lksi

1in2.25in)°

Allowable bending:  Mypooco o ow = : Fpy = 1.941Kip[ft

Moment on speaker bar: MSp = 8251bf 28in = 1.925Ripit

Mgp

Mbeam_allow

Utilization of speaker bar: utlSp = =0.992

Allowable load is 825Ibf. With the 0.85 Reuse factor, the
allowable load of the speaker beam is 700#

825[0.85 = 701.25
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-1000Ib

39246Ib

-1000lb

11.25Ib/ft

11.25Ib/f

1.05Ib/ff_
T

Loads: LC 3, DL+0.75WL down+0.75WL lat (30)
Results for LC 2, DL+0.75WL up+0.75WL lat (30)

Clark-Reder Engineering I...
SSH

13.533.01

Stage I-Beam #1 Frame

SK-1

stage-i-beam-1-frame x (MID).r3d
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98.7

Results for LC 2, DL+0.75WL up+0.75WL lat (30)
Member Axial Forces (Ib) (Enveloped)
Y-direction Reaction Units are Ib and Ib-ft (Enveloped)

1081.9/349.6

1270.2/527.6

Clark-Reder Engineering ..

SSH

13.533.01

Stage I-Beam #1 Frame

SK-2

stage-i-beam-1-frame x (MID).r3d
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123.9
59.1

145.6
-68.6/-142.9

Results for LC 2, DL+0.75WL up+0.75WL lat (30)
Member y Shear Forces (Ib) (Enveloped)
X-direction Reaction Units are Ib and Ib-ft (Enveloped)

-270.2

103.7
36.5

108.3
"37-34.7/-98.7

Clark-Reder Engineering I...

SSH

13.533.01

Stage I-Beam #1 Frame

SK-3

stage-i-beam-1-frame x (MID).r3d
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1370
,,,,,, p————— 1370
-329.6 -173.3
657 -505.4

Results for LC 2, DL+0.75WL up+0.75WL lat (30)
Member z Bending Moments (Ib-ft) (Enveloped)

Clark-Reder Engineering I... SK-4

SSH

Stage I-Beam #1 Frame

13.533.01

stage-i-beam-1-frame x (MID).r3d
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