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Project Information

Project Summary

The project referenced by this submittal consists of indoor steel framed audio support towers. The towers will be used
at a maximum height of 30 feet for indoor use only.

Scope of Review

Clark Reder Engineering reviewed the capacity of the steel framed towers, headblock and base members. The audio
tower was reviewed for a maximum cantilever load of 5,200 pounds per the Client. Rear ballast is required for this
installation and can be found in Appendix A.

Conclusions

Our review has concluded that the Audio Tower meets the structural requirements of the 2015 International
Building Code, ASCE 7-10, AND ASCE 37-14. The structure shall be used indoors only for a maximum height of 30
feet.

Limitations and Exceptions

The scope of review for this submittal is limited to the items listed above. All other temporary or permanent structures
on site not specifically referenced above under “Scope of Review” are the responsibility of others.

Where the items covered by this submittal are attached to existing structures, it is the responsibility of the engineer of
record for those existing structures to review the impact of the elements referenced in this submittal.

Clark Reder Engineering, Inc. ® 10091 Mosteller Lane, West Chester, OH 45069-3873 @ Phone (513) 851-1223 e Fax (513) 217-9388 ® www.clarkreder.com
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Ballast shown is for indoor use only
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Audio Towers

Event Date & Location: Anywhere USA, Indoors, Temporary

Codes and Referenced Standards

2015 International Building Code
Aluminum Design Manual, 2015 ed.
American Institute of Steel Construction, Steel Construction Manual 15th Edition

ANSI E 1.2-2012 "Manufacture and Use of Aluminum Trusses and Towers"
ICC 300-2012, "Bleachers, Folding and Telescopic Seating, and Grandstands”

Project Description

The indoor style delay towers will be used to support up to a maximum speaker weight of 5,200 pounds. The

tower will be at a maximum height of 30 feet with a 6 ft cantilever to support the audio.

Analysis AssumptionsDesign Criteria

Structure is indoors.
Structure will require a rear ballast and guy wire.

uare

Wiox12

205" steel fork end tower:

{%3) 30" Base details

American Society of Civil Engineers 7-10 (ASCE 7-10) "Minimum Design Loads for Buildings and Other Structures”
American Society of Civil Engineers 37-14 (ASCE 37-14) "Design Loads on Structures During Construction”
ANSI E 1.21-2013 "Temporary Structures Used for Technical Production of Outdoor Entertainment Events"

Project: _Audio 1 of 4
CRE Project #: 19.418.17

Engineer: JMR
12/17/2019
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Gravity Loads

Maximum weight of speaker array: Pspeaker max = 2200-1bf

Incremental weight of speakers: Pspeaker 1 = 1000-1bf Pspeaker 3 := 3000-1bf

Popeaker 2= 2000-Ibf  Pone g i= 4000-Ibf

Weight of tower section: Wt tower = 242:1bf-3 = 726.00 Ibf

195.0062+in" 2 + 73.26-in° -~ -4 + 527402 ... = 296.06 Ibf

Weight of 30°x30"base:  wty,c. 3¢
i 90-93'in3"75'2 + 13.58-in3~’\{s-4 + 4.79-in3~(’Ys'4)

Weight of 10 ft base: Wipase 10 = 467.814in 2 + 43.57in" 4 + 100.1-in" g2 ... =392.39 Ibf

+ 48.16~in3-’ys-1 + 4_25.in3.75.6

Weightofhead block:  wty . 4 plock = 144-in2-15-plf + 49.26-in3-~{s-7 = 457.78 Ibf

Project: Audio 20of 4 Engineer: JMR
CRE Project #: 19.418.17 12/17/2019


charl
Stamp



A | .
Clark-Reder Engineering, Inc
10091 Mosteller Lane c L A H K H E D E H

Cincinnati, OH 45069
| L Y

ENGINEERING

Phone (513) 851-1223
Fax (513) 217-9388
www.clarkreder.com

General Overturning

Assume load of array is at tip of tower.

Resisting moment of assemly for tipping caused by audio eccentricity:

18.5-in 18.5-in .
MReSiSt = tho_tower'T + Wtbase_30'3'T + Wtbase_10'84.25'ln = 399913ftlbf

Overturning due to various loads:
MOT_max = Pspeaker_max'70~5'in = 30.55-ft-kip

MOT_l = Pspeaker_1'70'5'in = 5.88-ft-kip

MOT 2= Pypeaker 2770.5in=11.75-ft-kip

MOT 3= Pypeaker 3-70-3-in = 17.62-f-kip

MOT_4 = Pspeaker_4'70'5'in = 2350ftk1p

Ballast will be located centered in the rear between the (4) screw jacks:

1'S'MOT_max ~ MResist

ballast max := =4400.31 Ibf
- 114.0625-in
1.5-M ~ Mg
ballast 1:= OT_ 1 "Resist _ <639 1bf
- 114.0625-in
1.5-M ~ My
ballast 2 = OT 2 "Resist _ 433,50 1bf
- 114.0625-in
1.5-M ~ My
ballast 3 == OT 3 "Resist _ 360.64 Ibf
- 114.0625-in
1.5-M ~ My
ballast 4 := OT 4 "Resist _ 396776 Ibf
- 114.0625-in
Project: Audio 30of4 Engineer: JMR

CRE Project #: 19.418.17

12/17/2019
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Consider Lateral Sway - Side to Side

Use 5% of the audio weight.
MOT_maxside =35 ()/"'Pspeaker_max'30'ft = 7.80-f-kip
MOT 1side = 5% Pspeaker 1-30-ft = 1.50-ft-kip
MOT 2side = 5% Pspeaker 2-30-ft = 3.00-ft-kip
MOT 3side = 5% Pspeaker 3-30-ft = 4.50-ft-kip

MOT 4side = 5% Pypeaker 4-30-ft = 6.00-ftkip

Resisting moment neglecting rear 10' base

. 85.5-in 85.5-in
MResist_side = W10 _tower ) + Whyase 30°3

= 5750.48-ft-1bf

Ballast will be located centered on the 30" base:

_ L5 'MOT_maxside - MResist_side -P speaker_max'42'75 in

ballast_max_side := - =-2074.31 Ibf
72.75-in
1.5-M o Mpecics <ide — P 42.75-in
T 1 Resist ker 1
ballast_1_side = OT lside csist side  speaker_ = ~1165.03 Ibf
72.75-in
1.5-M o Mpecis <ide — P 42.75-in
ballast 2 side := OT 2side " Resist side _speaker 2 — _1381.52 Ibf
72.75-in
1.5-M o Mpecics <ide — P 42.75-in
T Resist k
ballast 3_side = OT 3side csist side _ speaker 3 — ~1598.02 Ibf
72.75-in
1.5-M o Mpecics <ide — P 42.75-in
ballast 4 side := OT dside Resist side speaker 4 — _1814.51 Ibf
72.75-in
Project: Audio 4 of 4 Engineer: JMR

CRE Project #: 19.418.17
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Audio Towers - 20.5x20.5

Safety Factors Used in Design

Bending: Qb = 1.67 Bearing: Qbrg =20 Pin shear: QV =20 Weld Qweld =20
Tension: Q= 1.67 Tensile rupture: Q=20 Shear yielding: st =15

Compression: Q.= 167 Shear rupture: Q=20 Block shear: Qpg =20

Chord member properties - 2"x11 GA (DOM):

Pipe Properties
Pipe diameter: ODpord = 2in Pipe thickness: tehord = 0-12in
Radus: . ODhord Pipe yield strength: FYohord == 75-ksi
adius: Rihord = T = 1-in
Pipe tensile strength: Fu pord = 85-ksi
Inner diameter: IDchord = ODchord - z'tchord =1.76-in
4 4

o '"'(ODchord _IDchord) 4

Moment of inertia: Lhord = ” =0.314-in
s (OD 2 1D 2)

Area: ’ chord — ““chord .2

Achord = 2 =0.709-in

B Ichord  0.666-i
Radius of gyration: “chord -~ = V000
chord
4 4
ﬂ'(OD - 1D )
Elastic section modulus: Schor 4= chord chord = O.314-in3
32'ODchord
3 3
oD - 1D
. . . ( chord chord) .3
Plastic section moduls: Zchor 4= . =0.425-in
OD
. chord
Dovert: D—tchord = t— = 16.667
chord
Welght of chords: Wtchord = "{S'Achord Wtchord = 2412p1f
Project: Audio 1of12 Engineer:;JMR

CRE Project #: 19.418.17 12/17/2019
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Diagonal Member Properties - 1"x11GA (DOM)
Pipe diameter: oD diag = lin Pipe thickness: t diag = 0.125in
. ODdiag . Pipe yield strength: ~ Fy o 75-ksi
Radius: Rdiag = 5 =0.5-in
Pipe tensile strength: Fudiag = 85-ksi
Inner diameter:

IDdlag = ODdlag - 2tdlag =0.75-in

4 4
ﬁ'(ODdiag - IDdiag )

i artia: . B . 4
Moment of inertia: I diag = o =0.034-in
2 2
Area: "'(ODdiag _IDdiag> 2
d1ag = 4 = 0.344-in
I

diag .
Radius of gyration: Tdiag = — =0313n

diag

4 4

W'(OD : —IDyg; )

Elastic section modulus: S diag = diag diag = 0.067-in3
32'0Ddiag
3 3

(OD : —IDg; )

Plastic section moduls: Z jiag = diag diag = 0.096~in3
iag 6
OD ;:
Dovert Dty := diag =38
—'diag t o
diag
Weight of diagonals:  wt diag = Vs A diag Wtohord = 2-412-plf
Horizontal Member Properties - 2"x11 GA (DOM)
Pipe diameter: ODyop = 2in Pipe thickness: thorz == 0-125in
. ODjory Pipe yield strength: Fyhorz = 75-ksi
Radius: Ryorz = > = 1-in
Pipe tensile strength: Fup oz = 85-ksi
Inner diameter: IDy o1z = ODyorz = 2+thorz = 1.75-In
Project: Audio 2of 12

CRE Project #: 19.418.17

Engineer:JMR
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4 4
W'(OD horz ~ 1Phorz )

. . 4
Moment of inertia: Thorz = ” =0.325-in
2 2
Area: . ﬂ'(OD horz ~ Phorz ) .2
horz = 2 =0.736-in

I

horz .
Radius of gyration: horz = [\~ 7 0.664-in

horz

4 4
W'(OD horz ~ IPhorz )

Elastic section modulus: Shorz = = 0.325-in3
32-ODy
3 3
(OD —ID )
Plastic section moduls: Zhoer = horz horz = O,44~in3
6
OD
. horz
Dovert: Dt .= =16
horz
Weight of diagonals: Wthorz = Vs Ahorz Wiy or = 2.506-plf
Global Column Section Properties
Trusschord centerlne to centerline: dcolumn = 18.in — ODchord = 16-in
Area of column: A = 4.A A =2 835-in2
) column "~ chard column ~— “*
d 2
S . ] column .4
Moment of inertia of column: Leolumn = 4'Ich0r q+ 4. Achor d(Tj Ieolumn = 182.696-in
Radius of tion of column: : column i
adius of gyration of column: Toolumn = A— Toolumn = 8-028-in
column

Weight of typical tower: Ahord Vg4 116.75-in + Adiagm{s-24-in-24 + Adiag-ws-20-16.5~in

+4-1bf 8 + Ay, Vg 816.5:in

Whower mid =

Whower mid = 241.693 Ibf

Project: _Audio 30f12 Engineer:;JMR
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Column Chord Analysis - 2"x11GA (ERW A53 steel)

Built Up Member Capacity - E.6

Distance between connectors (diagonals): a; := 19-in
Effective length factor: K, == 0.86 for all other case

Minimum radius of gyration on individual component: r=r

i chord = (0.666-in

a:
Ratio ofa/r:  ratio a r:= L =28.527
.
i

Slenderness ratio of built up member = E6-2a.

Column Global Axial Capacity

The column will be checked for the full length capacity of the global section. Use Table 4-22 of the AISC code to

determine the available critical stress.

K factor: Keolumn = 125 vertical diagonal X-bracing
Column length: Leolumn = S0-ft
k -L
column’~column
KL/r KL_rooiumn = . kL _reotumn
: column
T -Eg
Foi= —————— =32.791ksi
(kL—rcolumn)
FYchord
F e ) Es .
Fcr_column = ]0.658 ‘FYehord 1 KL_Teoiumn < 471" v = 28.758 ksi
Ychord
Eq
0.877-F, if kKL _t01umn > 471" v
Ychord
Allowable global axial load: Pa_column = Fc1r_column'Acolumn Pa_column = 81.527-kip
Project: Audio 4 0of 12 Engineer:;JMR
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Column Local Axial Capacity

The chords are braced by diagonals on all sides. The local axial load capacity of each chord will be determined
and compared to the global capacity.

K factor: klocal = 1.0

Column length: Liocal = 18in

klocal' Llocal

KL/r: kL—rlocal = —_— kL—rlocal =27.026
Tchord
’712-Es
/\lfvev:: —— =391.872-ksi

2
klocal' Llocal
Tchord

[F Ychord
F kl -L E
e . ocal “local S .
Fer local = 0.658 ‘Fchord 1f — <4.71- . = 69.226-ksi
chord Ychord
k -L E
local ~local
0.877-F, if ———" > 471. [ —
Tchord FYchord
Allowable global axial load: P, local = Fer local' Achord 4 P, 1ocal = 196.255-kip

Per E.6.2 the effective slenderness ratio of the component shapes between fasteners shall not exceed 3/4 x the
governing slenderness ratio of the built up member.

-0.75 = 70.07 Acceptable

KL _1),cq) = 27.026 lessthan kL r,;

Project: Audio 50f12 Engineer:;JMR
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Allowable Concentrated Force On Chord Member

Check Flexural Capacity Chord Between Panel Points

Determine the maximum concentrated load that the chord can resist.

Check limiting width to thickness ratios for compression elements using Table B4.1.

E
Dt_flex := 0.11.—— Di_flex =42.533 > D_tgorq = 16667 compact
FYchord
Eq
Dt comp = 0.07- Dt comp =27.067 > D_t porg = 16.667 compac
FYchord t
Eg
Dt F8:= 0.45- Dt comp =27.067 > D_t porg = 16.667
FYchord

Local buckling does not apply as section is compact. Yielding controls the flexural strength of the member.

Nominal moment capacity: M, = FYepord-Zehord M, =2.654-ft-kip
M
o . n _ .
Allowable moment capacity: Ma_chord = Q_b Ma_chor 4 = 1.589-ft-kip
&M
i a_chord .
Allowable concentrated load: Pconc_chor 4= . Pconc_chor 4 = 8:477-kip
oca

asssumes load applied at midspan between diagonals and fixed end beam condition

Allowable Axial Tension Capacity

Tensile yielding on gross section: Pn_y = FYehord Achord Pn_y = 53.156-kip
. . Py y
Allowable tension capacity: Pta_chor 4= 4.T— Pta_chord = 127.319-kip
t
Project Audio 6 of 12 Engineer:;JMR
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Diagonal Analysis - 1"x1/8" (ERW A53)

Diagonal Axial Capacity (Compression)

Per AISC Chapter E, Section 6 the lacing shall be proportioned to provide a shearing strength normal to the axis of the
member equal to 2 percent of the available compressive strength of the member.

K factor: kdiag =1.0

Diagonal length: Ldiag = 19.8-in

Ko Ly
. __ “diag ~diag
KL/r: kL r diag = KL r diag = 63.36 lessthan 140 - OK
Tdiag

Critical stress from Table 4-22: Fop diag = 16.5-ksi

Allowable diagonal axial load: Pa_ diag = Fcr_ diag Adia g Pa_diag = 5.67-kip

Required lacing force perAISC:  Proo ging = 0.02:(For jocalAchord)  Preq diag = 981:275:1bf

By inspection of the loads, the lacing meets the minimum requirements of the AISC code.
Project Audio 7 0f 12 Engineer:;JMR
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Forked End Capacity

The towers are connected using forked end connectors. The material strength of the pins and forks are as follows 12L14
steel connected with (2) spirol pins to the actual truss.

Pin yield stress: prin := 60-ksi = 60-ksi

Pin tensile stress: Fupin = 78-ksi = 78-ksi

The typical tower truss is connected using 0.75 diameter 12L14 steel pins. The pin material is not referenced of AISC
13th edition. However, use Table J3.2 to determine allowable solution in lieu of other information.

Table J3.2 (sim to A325): Fov pin = Fupin'O'S Fov - pin = 39-ksi
Pin diameter: dpin = 0.75-in
A foin: ‘ dpinZ'Tr .2
rea of pin: Apin = 2 Apin = 0.442-in
. an_pin'Apin'2 .
Allowable pin shear at fork: Ry over Q.bolt = — 5o Ry over Qbolt = 17:23-kip  boltin double shear
Total fork bearing capaciy: Rbrg max = 4 Rp over Q.bolt Rbrg max = 68:919-kip

Forked Properties

1.59" diameter 12L14 material solid round. End machined to a double clevis configuration or a single clevis. The forked
end does not meet the dimensional requirements of a pin connected member per AISC. Therefore consider it a bolted
connection.

Outside diameter of spigot: OD o = 1.6in

Wal thickness: teork = 0.35-in

Inside diameter: Dok = ODgork = 2 tork Doy = 0.9-in

2 2
ﬂ'(OD fork ~ Dfork )
4

Area of spigot at inserted section: Afork = Afork = 1.374-in2

4 4
ﬂ'(OD fork ~ Dfork )

Moment of inertia at inserted section: Lok = ” Leork = 0.289~in4
4 4
71~(OD - 1D )
Section modulus: sfork = fork fork Sfork = 0.036-in3
325-ODgy
Project: _ Audio 9of 12 Engineer:;JMR
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Male Plate Bending:

Plate Tension Capacity (AISC D5):

Safety factor for tensile yielding: Qty = 1.67 Safety factor for flexure: Sp= 1.67
Safety factor for tensile rupture 0, =20 Safety factor for tension: = 1.67
Safety factor for shear yielding: O =15 Safety factor for bearing: Ale\m;: 2.0
Safety factor for shear rupture: O = Safety factor for compression: Ns%w: 1.67
Safety factor for weld: M;: 2.0 Safety factor for bearing: M;: 2.0
spigot plate properties
Width of plate: b := 1.97in
Thickness of plate: t:= 0.625in
Span of plate: Lp = 0.96in
area of plate: Ap = b-t Ap = 1.231-in2
b 3 bt 3
Plastic Section modulus: Z =— Z, = 0.606-in Z =— Z.,=0.192-in
4 y 4 y
: FYpinZy ,
Allowable moments: My_all ow = Q—b My_allow = 0.576-kip-ft
Fy.:..-Z
. _pm X - i
Mx_allow ) Mx_allow = 1.816:-kip-ft
b
Allowable Axial Compression
Fork plate
bt
moment of inertia weak axis: Iy = — Iy = 0.04-in4
12
IY
radius of gyration weak axis: r, = |— r, = 0.18-in
y Ap y
Effective length factor: Keff_sec =2
K -L
. ) eff sec™p
Slenderness factor: Kl rgo. = — kl_rgo. = 10.642
Yy
Project Audio 10 of 12 Engineer:JMR
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7T2~29000-ksi

Elastic critical buckling value: Feogec = —2 Fq goc =2527.401 ksi
Kl rgec
F Ypin
. . . 29000-ksi Fe sec .
Flexural buckiing stress: Fer.sec = if] kL rgge > 471+ | =———— 0877 -F¢ o\ 0658 FF oy oo = 59407 ksi
Ypin ]
F Ap
: ) ___crsec _ .
Allowable axial load: Piasec = —Q Pea sec = 43.799-kip
C
Allowable axial compression load Pooi= 4Py oo P, =175.197kip

Fork Tension Capacity

The pin diameter is 0.75" and the hole size is slightly bigger. The difference is less than 1/32". Per AISC the the
diameter of the pin hole shall shall not be more than 1/32" greater than the pin. Use section D5 for pin connected
members.

Bearing strength at bolt holes (AISC J7)

Projected bearing area: Apb = t'dpin

1.8-Fy,: Ap
. . . ) pin “*pb .
Available bearing strength: Ra_bearing = T Ra_bearing = 25.313-kip
g
Plate Tension Capacity (AISC J4):
L . FYpin'b-t
Tensile yielding on gross section J4-1: Pny_plate = Q—ty PIly plate = 44.237-kip
Fu.; - 0.85:{b ——-in |-t
. . pin 16
Tensile rupture of connecting elements (AISC J4-2): P =
- Qtr
P i = 23.982-kip
Shear yielding (AISC J4-3): P = %pr—m(bt) P =29.55-ki
y : sy plate = Q sy plate = <7-2>"KIP
sy
Project: Audio 11 of 12 Engineer:JMR
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d..
O.6-Fupin{2~t~(1 in + %ﬂ
Shear rupture (AISC J4-4): P - plate = . Psr_plate = 40.219-kip
ST
The forked connection is controlled by the pin
shear.
AIIowabI.e axial tension due to forked Py fork = (4-Rn over Q.bolt) P, fork = 08.919-kip
connection: - - T -

Spirol Coil Spring Pins

The forks are connected to the aluminum with Spirol Pins. The Spirol pins are coiled 3/8" diameter pins located 1" apart
with a 1/2" edge distance to the edge of steel. Use a factor of safety of 2 on the coil pins.

Capacity of coiled spirol pin in double shear: Pallow coil pin = 12.6-kip
. . 2-Patlow_coil _pin
There are two pins therefore allowable load is Pollow coil = 2— Pollow coil = 12-6-kip
There are (4) chords Pallow_coi1'4 = 50400 Ibf
Project: Audio 12 of 12 Engineer:JMR
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Audio Headblock Assembly

FxixlsA square

I 1440000

+ br-—————fm-——f———7r-—-—- 5 3

F

18,5000 —w=y

231250

]
Jﬁ.%BE L
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Headblock Beam

Standard Beam AISC Parameters:
A],%v': 29000-ksi ngw\:: 1.0 /\I/&y\:: 1.0 /g\‘w': 1.0 /gmzz 1.0 /gmyv:: 1.0 Ratig = 1.0

Beam B:=1 span ;= 144-in Lm = 0-plf

0-kip 0.5-span bmy 0-ft bmy span
0-kip 0 20-ft 0-kif 5 0-ft 0-kif span
= = Wi, = = Wo, = =
Px 0-kip | PX 0-ft = 0-kIf wlbe 0-ft = 0-kIf Wi 0-ft
0-kip 0-ft 0-kIf 0-ft 0-kIf 0-ft
RL
B RL(pX’dpx’wlx’w2x’dwlx’dw2x’3pan>
RRXB = RR(px’dpx’wlx’WZX’dwlx’dWZX’Span)
M Mom(py, dpyy . Wi Way s Ay Ay SPan) RL, =0-kip  RR, =0kip My =0-frkip
Analvsis Loads: _ 52kip . . ) . ) . ) .
alysis Loads: Myi= ==—T2in Myo=0-fkip  Pogi=Okip Vo= Max1mum(RRxB,RLXB)
AISC Design Parameters: By= 50-ksi L= span Jiysi= span L= 72:in

Member Specification: PROF := "W10X15"

A= Results(PROF, Ly Ky, Ly Ky Ly, Cp, Crpy. Cpiyo . My My Py Vi Ratio, Fy E)

mx’> -my’ y’ax’
"WI0X15"  "PASS" "fa_comp(ksi)=" 0  "Fa comp (ksi)=" 4.725 "Ix (in*4)=" 68.9
A=|"IntActRatio="  0.55 "fbx(ksi) =" 13.565 "Fbx(ksi) =" 24.656 "Iy (in"4)=" 2.89
"Shear Ratio =" 0 "oy (ksi) =" 0  "Fby(ksi) =" 37.5 ‘"Fy(ksi)=" 50

The W10X15 can safely support the weight of the array (5200#/2)

Project: 20of9 Engineer: AAW
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3x3x1/4

Beam B:=1 span ;= 18.5-in Lm = 0-plf

5.2-kip 0.5-span bmy 0-ft bmy span
0-kip 0 20-ft 0-kif 5 0-ft 0-kif span
= = Wi, = = Wy, = =
Px 0-kip PX 0-ft = 0-kIf wlbe 0-ft = 0-kIf Wi 0-ft
0-kip 0-ft 0-kIf 0-ft 0-kIf 0-ft
RL
B RL(pX’dpx’wlx’w2x’dwlx’dw2x’3pan>
RRXB = RR(px’dpx’wlx’WZX’dwlx’dWZX’Span)
M Mom(py, dpyy . Wy Way s Ay Ay SPan) RL, =26kip RR, =26kip M, =2.004frkip
Analysis Loads: M, = (MXB) M= O-ftkip ~ P.:=0-kip V. = Maximum(RRxB,RLXB)
AISC Design Parameters: By= 46°ksi L= span Jiysi= span L= 72:in

Member Specification: PROF ;= "TS3X3X1/4"

A= Results(PROF,LX,Ig(,Ly,Ky,Lb,Cb,C Cpy- My M, P VX,Ratio,Fy,E)

mx’> -my’ y’ax’
"TS3X3X1/4" "PASS" "fa comp (ksi)=" 0  "Fa_comp (ksi)=" 26.398 "Ix (in"4)=" 3.16
A =| "IntActRatio=" 0377 "fbx(ksi) =" 11452 "Fbx (ksi) =" 30.36 "Iy (in*4)=" 3.16
"Shear Ratio="  0.094 "fby (ksi) =" 0  "Fby(ks) =" 3036 "Fy(ksi)=" 46

The HSS3x3x1/4 can support a load of 5200%#.

Weldto W10: P 4= 3-0.92~ﬂ~12~in = 33120 Ibf The weld is adequate
m

Project: 30f9 Engineer: AAW
CRE Project #: 12/19/2019




AN
Clark-Reder Engineering, Inc Phone (513) 851-1223

10091 Mosteller Lane CLARK REDER Fax (513) 217-9388

Cincinnati, OH 45069 www.clarkreder.com

—_— -
ENGINEERING

Plate and Bolted Connections

Check 1/2" aluminum plate as well as connection bolts.

Bar Properties

Bar Depth: d:=275in+ 1.25-in-2 = 5.251in Bar thickness: t:= 0.5in
Aluminum Alloy = Unbraced length Lo = 6i L. = 6i
alloy: 6061-T6 v (include K-factor): bx = Omn by = Om
Pipe Cross Section Properties
Area: Area:=d-t = 2.625-in2
Elastic section t- d2 3 t2~ d 3
modulus: SX = T =2.297-in Sy = T =0.219-in
3 3
Moment of inertia: L = % = 6.029-in4 Iy:= td_ 0.055-in
1 1
. . = |—— = 1.516in o= |—X = 0.144in
Radius of gyration: X7 | Area Y | Area

[¥]— Alloy Properties

[¥] Safety Factors

[¥] Buckling Constants

Project: 4 of 9 Engineer: AAW
CRE Project #: 12/19/2019



CLARK REDER

- L
ENGINEERING

Clark-Reder Engineering, Inc
10091 Mosteller Lane
Cincinnati, OH 45069

Phone (513) 851-1223
Fax (513) 217-9388
www.clarkreder.com

Unwelded Welded
Ultimate tensile strength: Fy, = 42-ksi Fiy =42-ksi
Tensile yield strength: Fty = 35-ksi Fty = 35-ksi
Compressive yield strength: F oy = 35-ksi FCy = 35-ksi
Shear yield strength: FSy =21-ksi FSy = 21-ksi

Modulus of elasticity: E, = 10100-ksi

Flexure Capacity

Section F.8.1.2:
Weld =

Welded or unwelded: F812

unw Unwelded|k¥

1
Moment w i F =——-|13F, if Weld =1
: b F812 t F812

capacily: Tensile yielding: _ I Qpy y

1.3-F tyw otherwise

F

_ 1 tu

Tensile rupture: Fy, F812, = o 1.42-—kt if Weldpgyp =1
- u

F
.40, —W

otherwise

Allowable flexural My 8125 = min(Fy pgia)-Sx

MH_F812X = 6334k1p1n

capacity:
My pg12y = min(Fb_Fslz)'Sy M g2y = 6.03-kip-in
Section F4.1:
Weld =
Welded or unwelded: F41
Unwelded|Rd
. 1
Moment Compressive F =——-|13F. if Weld =1 .
b F41 F41 - .
capacity: yielding: - Yy o _ Fb_F411 = 27.576-ksi
1.3-F cyw otherwise
Project: 50of 9 Engineer: AAW
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1

Tensile yielding: Fy F41, = Q— 1.3-Fty if Weldgyg; =1 Fp F41, =27.576-ksi
_ b _
Y 1'3'Ftyw otherwise
Tensile rupture: F L 1.42 fu if Weld 1
: b F41, = S| tee T W Weldpg = = ksi
F
t
1.42- il otherwise
Allowable flexural M, Faix = min(Fb F41)'Sx M}, Fq1x = 63-34-kip-in
capacity: - - B
Mn7F41y = min(Fb7F41)'sy Mn7F41y = 6.03-kip-in
Project: 6 of 9 Engineer: AAW
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Section F4.2:

Welded or unwelded:

Slenderness limits:

Slenderness:

Allowable
flexural stress:

Allowable flexural
capacity:

Flexural Summary:

Weld =
F42
IUnweIded W

) Chr . _
SZ_F42 = Z if WeldF42 =1 =29

Corw .
otherwise
,L L
d bx t by
S == |— =11.225 S =—|—= =033
1 7T2'Ea
Fo Fax = if Spapx > Sy Fa2
by 15.29-Spg0y

otherwise

Bbrw - 2'3'Dbrw' SF42X otherwise

7T2-Ea

Fo Fa2y = if Spapy> Sy Fan
by |529-Spypy

otherwise

Bbrw - 2'3'Dbrw' SF42y otherwise

My Fa2x = Fo_Faox'Sx

My Fa2y = Fy ra2y'Sy

Controlling flexural capacity: My bar = min(Mn F812x°Mp Fa1x-Mp F 42X)

M = min(My gg12y-Mp Fary-Mn Fazy)

ny bar

Fl, Fany = 30.083ksi

My, Fagx = 69097-1bf-in

M par = 63338-Ibf -in

My bar = 6032:1bf-in
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. . nx_bar )
Controlling flexural stress: Fbx_bar = S— Fbx_bar =27.576-ksi
X
M
_ ny_bar . )
Fby_bar = S— Fby_bar = 275761{S1
Yy
Shear capacity
Section G.2:
Welded or unwelded: Weldg, =
Unwelded |
By - Fsy
Slenderness limits: S = if Weld, =1 =35
1627 | 125.0, G2
B.. —F
_SW_SyW otherwise
1.25-Dg,
CS
SZ_GZ = _25 if WeldG2 =1 =63
C
W otherwise
25
dit: d
t:=— =10.5
MRt
— 1 M — _ .
Alowable FV_G2 = ? if WeldG2 =1 FV_G2 = 12.727-ksi
shear stress: v ;
Fsy if dt < SliGz
137,
(l.25~dt)2 a
BS - 1.25-Ds-dt otherwise
otherwise
FSYW if dt < SI_GZ
1.3-7‘r2~Ea
(l.25~dt)2 B
Bsw - 1.25~Dsw-dt otherwise
Project: 8 of 9 Engineer: AAW
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Allowable shear
capacity:

Shear Summary:

Controlling shear capacity:

Controlling shear stress:

Component summary:

Moment capacity:

Shear capacity:

Allowable uplift load:

Consider bolts

Capacity of 5/8" grade 8 bolts:

uplift := 3

Vh G2 = Fy godt

Vh_bar = Vn_G2

\%

F __'n_bar
v_bar - Arca
Allowable
Force

M = 63.338-kip-in

nx_bar

M = 6.032-kip-in

ny bar

Vn bar

= 33.409-kip

Mny_bar

— =4387.052 Ibf
75-in

Vallow_58 = 104klp

TallOW_SS = 173k1p

Allowable
Stress

Fbx_bar = 27.576-ksi

Fby_bar = 27.576-ksi

FV bar

= 12.727 ksi

The plate can safely resist the uplift.

The maximum uplift is 4.4 kips. The maximum shear is minimal. The bolts are adequate.

Vi Ga = 33409 kip

Vn bar

= 33.409-kip

FV bar

= 12.727 ksi

Project:
CRE Project #:
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10 foot Base

Standard Beam AISC Parameters:

A],%v': 29000-ksi ngw\:: 1.0 /\I/&y\:: 1.0 /g\‘w': 1.0 /gmzz 1.0 /gmyv:: 1.0 Ratig = 1.0

Beam B:=1 span ;= 56-in b= 13-plf
5-kip 0.5-span bmy 0-ft bmy span
0-kip 0 20-ft 0-kif 5 0-ft 0-kif span
= = Wi, = = Wo, = =
Px 0-kip | PX 0-ft = 0-kIf wlbe 0-ft = 0-kIf Wi 0-ft
0-kip 0-ft 0-kIf 0-ft 0-kIf 0-ft
RL
B RL(pX’dpx’wlx’w2x’dwlx’dw2x’3pan>
RRXB = RR(px’dpx’wlx’WZX’dwlx’dWZX’Span)
M Mom(py, dpyy . Wi Way s Ay Ay SPan) RL, =2.53-kip RR, =2.53kip My =5.869-fukip
Analysis Loads: Myi= My M= Oftkip  Pogi=Okip o= Maximum(RRxB,RLXB)
AISC Design Parameters: Alfvyv:: 50-ksi L= span AIWA:: span L= 21t

Member Specification: PROF ;= "C6X13"

A= Results(PROF, Ly Ky, Ly Ky Ly, Cp, Crpy. Cpiyo . My My Py Vi Ratio, Fy E)

mx’ ~my’ Yy ax
"C6X13"  "PASS" "fa_comp (ks)=" O  "Fa comp (ks)=" 13.124 "Ix (in4)=" 17.4
A = | "IntActRatio =" 0.405 "fbx (ksi) =" 12.142 "Fbx (ksi) =" 30 "Iy (in™4) =" 1.05
"Shear Ratio="  0.048 "fby(ksi) =" 0  "Fby(ksi) =" 30 "Fy(ks)=" 50
__ span
Rloestion; =~
4
= Deﬂ(px’dpx’wlx’w2x’dwlx’dw2x’5pan’E’A1,8'm ’élocation)
4 =0.037-in
P 1533.078
1)
Project: 20of 10 Engineer: AAW
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Vertical weld capacity of screw jack support

Determine the weld capacity of the vertical support:

Weld strength: P

kip . .
weld = 3:0.92-——-6-in-2 = 33.12-kip

m

The screw jack has a miniumum capacity of 12,500#.

Moment and Shear Capacities of C6x13

Area of C6x13: Agg = 3.82~in2

Plastic section modulus of C6: 7xc6 = 7,29~in3 Zyc6 = 1.35~in3
Section modulus of C6: Sxc6 = 5.78-in° Syc6 = 0.638-in°
Moment of inertia of C6: Ixc6 := 17.3-in4 Iyc6 := 1.05-in4
Radius of gyration:  rxc6 := 2.13-in ryc6 := 0.524-in
Depth of C6:  d ¢ := 6-in te = 0.343-in ty = 0.437-in b= 2.16-in
Material properties: Aljw:z 50-ksi
Project: 30of10 Engineer: AAW
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Yielding, F2.1: M, = F,Zxc6 = 30.375-ft-kip

y
Lateral torsional buckling, F2.2:

Length between braced points: L= 2-1t

Eq

Limiting lateral unbraced length: Lp = 1.76-1yc6- [— =22.21-in

<

Lateral torsional buckling does not control.

M
Allowable momentin C: M, = — = 18.189-ft-kip
a.c6™ |67
Weak Axis Bending
min(Fy- Zyco6, 1 .6~Fy~Syc6)
May_c6 = 67 = 2.547-ft-kip
Project: 4 0of 10 Engineer: AAW
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Connection Tab

Safety factors used in analysis per AISC:

Bending: @, = 1.67 Bearing: Qbrg =20 Pin shear: Q,:=20
Tension: Q= 1.67 Tensile rupture: Q=20 Shear yielding: st =15

Compression: Q.= 167 Shear rupture: Q=20 Block shear: Qpg =20
Plate height: hpl = 5-in
Plate thickness: tpl = 0.5-in
Plate length: 110l = 4.in Diameter of pin: dpin = 0.625-in
Hole Diameter:  dy, ;. := 0.3438:in-2 = 0.688-in  Pin yield strength: Fypin = 120-ksi

Yield strength of plate: prlate = 36-ksi Pin tensile strength: Fupin = 150-ksi
Tensile strength of plate: Fuplate = 58ksi
Pin shear capacity:
The pin will be in double shear. Use Table J3.2 for nominal stress of fasteners.
Nominal shear stress: Fov pin = 0.5~Fupin Fov - pin = 75-ksi
2
Area of pin: : ﬁ.dpin .2
ea of pin: Apin = A Apin =0.307-in
Available double shear capacity of pin: A" = M VvV = 11.505-ki
’ a pin~ Q a_pin = 11-2U2°XIp
A\
Bearing at Pin Hole
. dhole
Clear distance between edge of hole and end of plate: L= lin- L, = 0.656-in
Available bearing strength:
R lf(l .2'Lc'tp1'Fup1ate < 2'4'dpin'tpl'Fuplate’ 1'2'Lc'tp1'Fuplate’2'4'dpin'tp1'Fuplate)
a =
brg -
& Qbrg
Rabrg = 11.418-kip
Project: 50f 10 Engineer: AAW

CRE Project #: 12/19/2019
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Plate tension capacity

The plate will be checked for tensile yielding on gross section, tensile rupture on net section, shear yielding and
shear rupture per section J4 of AISC.

_ F¥plate tp1hipl

Tensile yielding: Rty = p
t

Ry, = 53.892-kip

. _ , 1. 1.
Effective area: Ae = 1f|:tpl|:hpl - (dhole + E'ln):| < 085(tp1hp1),tpl|:hpl - (dhole + Elﬂj},ogs(tplhpl)}

Fu A
Tenslerupture: R, = —PAE € Ry, = 61.624-kip
Q
tr
Plate compression capacity

The nominal compressive strength shall be determined based on the limit state of flexural buckling.

Plate area: Apl = tpl'hpl

. . 1 3
Moment of inertia of plate: Y= — .
[ pl : 12 hpl tpl
Radi f tion fp| It = ! Il
9y ry_pl . i ry ]{Jl 0.144-in

Effective buckling length of female plate: L off pl = 3.in

Effective length factor: Kpl =2

-L
Slendemess: kil r.q:= M
_ pl r
y_pl

kl r

ol = 41569

Elastic critical buckling stress: Fe

Fe, = 165.636-ksi

Project: 6 of 10 Engineer: AAW
CRE Project #: 12/19/2019
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prlate
) Fepl . ES
Flexural buckling stress: Fcrplate = |10.658 'prlate if kUpl <471 -
Yplate
(os77Rey .
0.877Fe ;) if kl r;>4.71-
1 —pl
P P FYplate
Fer, .
. . . . ] plate Apl
Available axial compressive strength: Pca_plate = Q—

C

Plate Flexural Capacity - AISC F11

Plastic section modulus: prl RS S
4
2
2o o1 Ppl
Elastic section modulus: Sxpl RS S
6
2
Sy e tpl 'hpl
Unbraced length of plate: L= 3-in

Vertical flexural capacity:

Eqn F11-1: MpX = if(prlate'ZXpl < 1'6'Sxpl'prlate’prlate'ZXpl’ 1'6'Sxpl'prlate)
L= 1.0

Lb'hpl F Yplate

Eqn F11-2: Mn 1tb = Cb 1.52 - 0.274- -Sx

5 pl F¥plate
tpl

Moy 1t = if(Mp 1 < Mpyx-Mp 112 Mpy)

P

ca. plate = 49-206-kip

prl = 3.125-in3

Zypl = O.313-in3

Sx 2.083-in3

pl~

Sypl = O.208~in3

MpX = 112.5-in-kip

My it = 112469-in-kip

Project:
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1.9-E¢Cy,
F. o=—"——
cr
2
tol
Ean F11-3: My 1= if (FopSxpp < Mpy FopSxp1 My ) Mpy g = 112.5-in-kip

Lb'hpl 0.08-Eg
Plate available flexural strength: M = M. if <
nx_pl O 5 FYo 1ate
tpl p
_ Lyhy  0.08:Eg  Lyhy, 19K
Mpx_1tb if ) > Fy, A >y |
tpl plate tpl plate
Ly -h 1.9-E
b pl
M, ¢ if —> <——
- 2 Fyplate
tpl p
Mnx_pl = 112.5-in-kip
Available fiexural strength: . Mox pl -
vailable flexural strength: Max_pl = 0 Max_p1:5.614.ft.k1p
Allowable vertical shear: P = MaXJ ! P =22.455-ki
' vert_pl = T3 vert pl = <~ 1p
Horizontal flexural capacity
For rectangular bars bent about their rectangular axis, the limit state of lateral torsional buckling does not
apply.
Eqn F11-1: Mpy = if(prlate'Zypl < 1'6'Sypl'prlate’prlate'Zypl’ 1'6'Sypl'prlate) Mpy = 11.25-in-kip
MPY
Available flexural strength: = — = in-ki
9 May_pl' ay May_pl 6.737-in-kip
Project: 8of 10 Engineer: AAW
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30"x30" Base

Moment and Shear Capacities of Base Channel (built up member)

Area of built up C: Apub = 4.5~in2

Plastic section modulus of channel:  Zxbub := 8.625~in3 Zybub := 1.7g.in3

Section modulus of channel: Sxbub := 6.792-in° Sybub := 0.9485-in>
Moment of inertia of channel: Ixbub = 20.38-in” Iybub := 1.344.in”

Radius of gyration: rxbub = 2.128-in rybub := 0.5465-in
Depthofchannel:  dy  := 6-in tg = 0.5-in = 0.5:in bg=2-in
Material properties: Ale:: 36-ksi

Yielding, F2.1: Mai= Fy~beub = 25.875-ft-kip

Lateral torsional buckling, F2.2:

Length between braced points: Lpo= 1331t

E
Limiting lateral unbraced length: Nlm\:: 1.76-rybub- — ~27.299-in
y
Lateral torsional buckling does not control.
. Mn
Allowable momentin channel: Ma_bub = 1_67 = 15.494-ft-kip
Project: 90of 10 Engineer: AAW
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Weak Axis Bending

min( Fy- Zybub, 1.6-F y Sybub)

May_bub =

1.67

= 2.726-ft-kip
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Company
Designer
Job Number
Model Name

lirisA

. Clark Reder Engineering
: JMR

Indoor Tower

Dec 17, 2019
6:47 PM
Checked By:

Basic Load Cases

BLC Description Category X Gravity Y Gravity Z Gravity Joint Point _ Distribut.. Area(M... Surface(...
1 Dead Load DL -1 2
3 5200# None 1
6 Lateral 5200# X None 1
7 Lateral 5200# Z None 1

Load Combinations

Description So..P...S... BLCFac..BLCFac..BLCFac..BLCFac..BLCFac..BLCFac..BLCFac..BLCFac..BLCFac..BLCFac...
1 DL Yes| 111
2 DL+5200# Yes 1111311
3 | DL+5200#+Lateral X 11113116025
4 | DL+5200#-Lateral X 1111311 1[6 025
5 | DL+5200#+Lateral Z 111 1311|7025
6 | DL+5200#-Lateral Z 1111311 1[7r025
Joint Reactions
LC Joint Label X [k] Y [K] Z [K] MX [k-ft] MY [k-ft] MZ [k-ft]
1 1 N90 -.009 .166 -.002 0 0 0
2 1 N217 -.002 .32 -.002 0 0 0
3 1 N91 -.01 .163 .002 0 0 0
4 1 N218 -.003 .32 .002 0 0 0
5 1 N269 .001 1.184 -.002 0 0 0
6 1 N270 .001 1.184 .002 0 0 0
7 1 N275 0 1.094 0 0 0 0
8 1 N276 0 1.094 0 0 0 0
9 1 N283 .004 0 .003 0 0 0
10 1 N284 .003 0 -.003 0 0 0
11 1 N311 0 .047 0 0 0 0
12 1 N312 .001 .04 0 0 0 0
13 1 N313 0 .039 -.002 0 0 0
14 1 N314 .006 .098 0 0 0 0
15 1 N338 .004 .047 0 0 0 0
16 1 N339 0 .042 -.002 0 0 0
17 1 N340 .005 .096 0 0 0 0
18 1 N341 0 .04 .002 0 0 0
19 1 Totals: 0 5.977 0
20 1 COG (in): X:291.334 Y:45.735 Z:18.01
21 2 N90 -.105 1.211 -.017 0 0 0
22 2 N217 -.069 2.727 -.03 0 0 0
23 2 N91 -.101 1.206 .014 0 0 0
24 2 N218 -.069 2.735 .032 0 0 0
25 2 N269 .307 0 -.457 0 0 0
26 2 N270 .307 0 457 0 0 0
27 2 N275 0 .331 0 0 0 0
28 | 2 N276 0 .331 0 0 0 0
29 2 N283 -.04 .715 -.033 0 0 0
30 2 N284 -.048 723 .045 0 0 0
31 2 N311 0 0 -.007 0 0 0
32 | 2 N312 -.02 .149 -.008 0 0 0
33 2 N313 .01 0 .027 0 0 0
34 2 N314 -.078 .455 -.015 0 0 0
35 2 N338 -.051 144 -.013 0 0 0
36 | 2 N339 .002 0 .02 0 0 0
37 2 N340 -.056 .45 .004 0 0 0
RISA-3D Version 17.0.4 [PAALALM7 - Audio Tower\Analysis\RISA\30 ft Tower Indoors.r3d] Page 1
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Company . Clark Reder Engineering Dec 17, 2019
°  Designer . JMR 6:47 PM
lRISA Job Number Checked By:
ANEMETSCHEK covpany  Model Name Indoor Tower
Joint Reactions (Continued)
LC Joint Label X [k] Y [K] Z 1K MX [k-ft] MY [k-ft] MZ [k-ft]
38 | 2 N341 .011 0 -.018 0 0 0
39 | 2 Totals: 0 11.177 0
40 | 2 COG (in): X:216.623 Y: 192.883 Z: 18.006
RISA-3D Version 17.0.4 [PAAALMT7 - Audio Tower\Analysis\RISA\30 ft Tower Indoors.r3d] Page 2
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