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Overview

The scope of Part 1 of the project required calculations based on AASHTO standards to determine loads
at the base of a mounting system used to attach a dish/panel antenna array to the side of a water
tower. The calculation set is shown on pages 0 thru 13 of the attached document and is loosely based on
a proposed installation in Washington state. The general arrangement of that installation can be found
in Appendix 1. Some of the geometric values used in the attached calculations such as the horizontal
distances between components were scaled from this document.

Multiple exceptions and assumptions were employed in the execution of the calculation set. They are
listed below in no specific order of priority.
1) The height above ground of the antenna array has been arbitrarily set to 200’.
2) The antenna array was assumed to have full exposure from a rear wind situation.
3) The exposure of the vertical pole was assumed to be negligible for front & rear wind situations.
4) The exposure of the various clamps, brackets, and hardware was assumed to inconsequential.
5) Loads per magnetic bracket in some cases were assumed to be evenly distributed even though
the actual distribution is statically indeterminate.
6) Allowable loads per magnet and per magnetic bracket as well as the layout of the magnets on
each bracket were supplied by the client.
7) The radius of curvature of the water tank was assumed to be negligible.
8) Ice loads, if applicable, are assumed to cover the entire component in question.

Constants used in the calculation set were taken from the AASHTO standard and are included in the
appendix. All wind velocities were taken from the map on Appendix 2. It should be noted here that
while the nominal wind velocities were used in generating the attached values, local building codes
should be consulted in areas designated as special wind regions. The exposure factor, which is based on
the height of the structure being analyzed relative to the local terrain, is taken from an AASHTO table
and is shown in Appendix 3. A drawing of the magnet mounting plate is shown on Appendix 5. The
magnets are attached to the 0.44 diameter thru holes. Other constants used in this report are the
minimum gust factor of 1.14, a wind importance factor of 1.0, a drag co-efficient of 1.12, and an ice load
of 3 tbs/ft’.

The scope of Part 2 of this project involved the creation of an excel spreadsheet to be used in generating
approximations of loadings where the installation is similar to the condition shown in Appendix 1. The
results of this spreadsheet should be considered only as an approximation as each site should be
carefully reviewed to apply the appropriate AASHTO values. A digital copy of this file has been supplied
under separate cover under the file name of 74035genericRO1.xls. A printed copy of a completed
spreadsheet based on a specific example is shown on Appendix 4. A simplified general arrangement of
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the loading condition depicted by this spreadsheet is shown on page 15 of the calculation set. The
tutorial on its use begins on page 14. The cells within the spreadsheet are NOT write protected. The
overall accuracy can be verified using the example on pages 1 thru 13 and making allowances for round-
off error.

Conclusion

Calculations for factors of safety for the conditions presented here-in are well within range of generally
accepted safe working conditions.
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BB Bottom bracket

FFBB Front wind force @ bottom bracket
FFD  Wind load at front of dish antenna
FFP  Wind load at front of panel antenna
FFTB Front wind force @ top bracket

FIB Force @ magentic bracket from ice load
FID Ice load on dish antenna

FIP Ice load on panel antenna

FIT Ice load on vertical tube

FMB Force @ magentic bracket from component mass
FP Force @ magentic pad

FRBB Rear wind force @ bottom bracket
FRD Wind load at rear of dish antenna
FRP  Wind load at rear of panel antenna
FRTB Rear wind force @ top bracket

FSB  Shear load @ mounting bracket
FSD Wind load at side of dish antenna
FSP  Wind load at side of panel antenna
FST  Wind load at side of vertical tube
FSV  Vertical shear force @ magnetic pad
MD Mass of dish antenna

MP Mass of panel antenna

MT Mass of vertical tube

B Top bracket
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Wind Load Equation (AASHTO LTS-4)

P,(Ibs/ft?) = .00256 K,G VZI,C 4

L

Wind Importance Factor

Drag Coefficient

— Wind Velocity (mph)

—™ Gust Factor

—= Exposure Factor *

Calculate Dish Antenna Area & Wind Load (Front or Rear Exposure)
- 25.1" Dia (given)

- Area = wr2 = (m)(12.559 = 494.8in?2

- 404.8in% /144 =3.441t?

- P, (Ibs/ft?) = (.00256(1.46)(1.14)(85%)(1.0)(1.12) = 34.47Ibs/ft 2

- FFD = FRD = (34.47)(3.44) = 118.58 Ibs.

Calculate Dish Antenna Area & Wind load (Top or Side Exposure)
- Simplified profile shown below

t«————— 25.1 ——————|| ~82

Area = (25.1)(8.2)-(10)(7.2) = 133.82in 2

133.82in2/ 144 = .93 ft 2

P, (Ibs/ft?) = (.00256(1.46)(1.14)(852)(1.0)(1.12) = 34.47Ibs/ft 2
FSD = (34.47)(.93) = 32.06 Ibs.

* Arbitrarily set at 200'
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Calculate Panel Antenna Area & Wind Load (Front or Rear Exposure)
- 12.7 " x 42" profile (given)

- Area = (12.7)(42) = 533.4in2

- 533.4in%/144 = 37012

- P,(Ibs/ft?) = (.00256(1.46)(1.14)(852)(1.0)(1.12) = 34.47Ibs/ft 2

- FFP = FRP = (34.47)(3.7) = 127.54 Ibs.

Calculate Panel Antenna Area & Wind Load (Side Exposure)

2.7 "x 42" profile (given)

Area = (2.7)(42) =113.4in2

113.4in? /144 = 791t?

P, (Ibs/ft?) = (.00256(1.46)(1.14)(852)(1.0)(1.12) = 34.47Ibs/ft
FSP = (34.47)(.79) = 27.23 Ibs.

Calculate Panel Antenna Area (Top Exposure)
- 12.7 "x 2" profile (given)

- Area = (12.7)(2) = 34.29in2

- 34.29in% /144 = 24 t°

Calculate Tube Projected Area (Front or Rear or Side Exposure)

- 4.5" 0D (given) x 140" long

Area = (4.5)(140) = 630in 2

6302/ 144 = 4.4 t?

P, (Ibs/ft?) = (.00256(1.46)(1.14)(852)(1.0)(1.12) = 34.47Ibs/ft 2
FST = (34.47)(4.4) = 151.66 Ibs.
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Frontal Wind Loading ' D
FFD = 118.5lbs _ |
The top mounting bracket becomes S T
the "pivot" for all horizontal forces H U
in this configuration B
E
56.5" .
Pl
A
N
FFP = 127541bs | C
= lefo4los Top Mig
135 3 Q Bracket
] (TB)
60"
Bottom Mtg
Sum Moments about FFTB (cw= +): <] Bracket
(BB)
FFBB 127.54 Ibs 118.5 Ibs

| |

T FFTB

SM @ TB = 0 = (13.5)(127.54) +(70)(118.5)-(60) (FFBB)
FFBB = ((13.5)(127.54) +(70)(118.5))/60 = 166.94 Ibs

Solve for FFTB:

3F =0 =127.54+118.5 +166.94 - FFTB
FFTB = 412.98 Ibs
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127.54 Ibs

118.5 Ibs

Shear Diagram
166.86

Moment Diagram

10,012 in-lbs

The frontal wind condition puts the top magnetic mounting bracket into compression
and applies a tensile load to the lower mounting bracket. Per the equations on the
previous page, that total tensile load (FFBB) is 166.82 Ibs. Assuming equal distribution
on all magnets, each individual magnet is subject to 166.86/24 or 6.95 Ibs.
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Rear Wind Loading D
FRD = 118.51bs |l
The "bottom" mounting bracket becomes S [\t
the "pivot" for all horizontal forces H U
in this configuration B
E
56.5" -
Pl
A
N
FRP —127541bs |C
= lefoalbs Top Mtg
Bracket
135 < l
] (TB)
60"
Bottom Mtg
<] Bracket
Sum Moments about FRBB (cw= +): [ (BB)
FRTBl
L |
TFRBB f127.54 Ibs ?1 18.5 Ibs

M @ BB = 0 = (60)(FRTB) - (73.5)(127.54) - (118.5)(130)
FRTB = ((73.5)(127.54) +(130)(118.5))/60 = 412.98 lbs

Solve for FRBB:

3F =0=127.54+118.5-412.98 + FRBB
FRBB = 166.94 Ibs
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166.94
Shear Diagram
118.5 Ibs
127.54 lbs
10,016 in-lbs

Moment Diagram

The rear wind condition puts the bottom magnetic mounting bracket into compression
and applies a tensile load to the top mounting bracket. Per the equations on the
previous page, that total tensile load (FRTB) is 412.98 Ibs. Assuming equal distribution
on all magnets, each individual magnet is subject to 412.98/24 or 17.20 lbs.

The analysis generated to this point indicates that the tensile loads created by the wind

from the rear of the structure create higher "tensile" forces on the magnetic pads than
do the winds from the front of the structure.
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Side Wind Loading

Two types of loads are generated by winds blowing at the side profiles of the antennae.
The first type of load is a shear loading which is discussed below. The second loading
produces tensile and compressive loads on the magnets and is discussed on the

following page.

Side Wind Loading - Shear

The shear loads generated by winds blowing at the side profiles of the antennae are
resisted by a couple centered at the midpoint of the distance between the two magnetic
mounting pads. By definition, both forces of a couple are equal to each other. Therefore,
for subsequent shear calculations, FSBB and FSTB are renamed simply as FSB.

Sum Moments about couple center (cw= +): DISH
FSD_= 32.06 Ibs
- 56.5"
P
A
FSP =27.231bs g Top Mtg
13.5 L Bracket
| | ___FST=151.66lbs (TB)
50 FSB
M = 0 = (43.5)(27.23) + (100)(32.06) + (35)(152) - (60)(FSB)
FSB = ((43.5)(27.23)+(100)(32.06) + (152)(35))/60 = 161.84 60" %

Each shear load will be resisted equally by 24 magnets.
the resulting individual load will be 161.84/24 = 6.74 lbs

FSB
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Side Wind Loading - Tension & Compression

The relative orientation of the antennae to each other
and to the magnetic brackets is shown in the plan view FSP + FSD = 59.29#
to the right. The antennae are offset from the magnetic

brackets by the distance shown. The indicated side force FST = 152#
creates a moment about the pad. This moment is
resisted by a "couple” at the pad. Each force of the couple
is located halfway from the center of the bracket to the i"‘ 19.45 —=
center of its outer magnet. 12-:220
A -
( FP(+)
Dish —/ /
Panel -—/
Suppont Tube
Magnetic Brkt

Sum Moments about couple center (cw= +):

M = 0 = (10)FP - (12.25)(152) - (19.45)(59.29)
FP = ((19.45)(59.29) + (12.25)(152))/10 = 302 lbs

Each component of the couple will be shared equally by 12 magnets/bracket.
The resulting individual load will be 302/24 = 12.56 Ibs
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Mass Loads P
Mass loads from the individual components are S T
resisted by a force couple with its center halfway H U
between the upper and lower mounting brackets. B
This couple is similar to that created by wind side MD = 18.7# E
loads. This force couple is solved on this page. 1
The mass loads are also resisted by a vertical P
shear and are also discussed on this page. A
N Top Mtg
E Bracket
Shear Forces from Mass Loads L = (TB)
The total shear force will be shared equally - Ll FmB
among 48 magnets. The load per individual L]
magnet will be (20 + 18.7 + 175)/48 = FSV _ MT = 175#
4.45lbs = FSV o MP = 20#
Bottom Mtg
Bracket
_ (BB)
' |J Ll FMB
12.25
— 1945

Tensile and Compressive Forces from Mass Loads
Sum Moments about couple center (cw= +):

SM =0 = (60)(FMB) - (175)(12.25) - (18.7)(19.45) - (20)(19.45)
FMB = ((12.25)(175)+(18.7)(19.45) + (20)(19.45))/60 = 48.27 lbs

The tensile load on the top bracket will be shared equally by 24 magnets. The load per

R\

individual magnet will be 48.27/24 = 2 Ibs.
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Ice Loads

Ice loads resulting from the coatings on individual components are calculated in exactly
the same method as were the mass loads on the previous page. The mass of the ice is
based on a constant of 3 Ibs/ft of the surface being coated. Calculations of total areas
and the corresponding ice masses are shown on this page.

lce Surface Area - Dish Antenna
- Simplified profile shown below

[ 251 ——] ~8.2

| | 72

To—

- Area calculated via Solid Works = 8.18 ft 2
- FID = (8.18)(3.0) = 24.55 Ibs.

Ice Surface Area - Panel Antenna

- 12.7 "x 42" x 2.7" profile (given)

- Area = ((12.7)(42)(2) + (12.7)(2.7)(2) + (2)(2.7)(42))/144 = 9.451t 2
- FIP = (9.45)(3.0) = 28.35Ibs.

Ice Surface Area - Support Tube

- 45" OD (given) x 140" long

- Area = ((4.5)(140)(w) + () (2.253(2))/144 = 13.96 ft >
- FIT = (13.96)(3.0) = 41.9 Ibs.

AR

fijcalcgrid 890418 BEACH & ASSOCIATES
MECHANICAL DESIGN & ENGINEERING  semsowemm—

P.O. 185, WATEFORD, WI 53185
TELEPHONE 262-634-9001



ENGINEERING CALCULATIONS

Project# 74035 client_ Metal-Cable Corp Date_ 07-08-10
Subject_ Antenna Mount Calculations - Ice Loads Page# 11 Next Page#__ 12
Shear Forces from Ice Loads :3 B
The total shear force will be shared equally S T
among 48 magnets. The load per individual H U
magnet will be (24.55 + 28.35 + 41.9)/48 B
= 1.98 Ibs. FID = 24.55# E
P
ﬁ Top Mtg
£ Bracket
L A (TB)
B Ll FB
FIP = 28.35# FIT = 41.9#
60"
Bottom Mtg
Bracket
(BB)
[]
I Ll FB
12.25
— 19.45

Tensile and Compressive Forces from lce Loads

Sum Moments about couple center (cw= +):

SM =0 = (80)(FIB) - (41.9)(12.25) - (24.55)(19.45) - (28.35)(19.45)
FIB = ((12.25)(41.9)+(24.55)(19.45) + (28.35)(19.45))/60 = 25.70 lbs

The tensile load on the top bracket will be shared equally by 24 magnets. The load per

individual magnet will be 48.27/24 = 1.07 Ibs.
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Group | combined loads - Rear Wind Situation

This per magnet loading is a combination of the following components:
- Tensile from rear wind -17.17 lbs

- Tensile from mass - 2.0 lbs

- Tensile fromice - 1.07 lbs

- Shear from mass - 4.45 lbs

- Shear fromice - 1.98 lbs

The shear forces resulting from ice and mass act in the same direction and can be added
algebraically to form a single component.

That vector is 4.45(mass) + 1.98(ice) = 6.43 Ibs

Factor of Safety = 35/6.43 = 5.44

Likewise, all tensile forces are acting in the same direction and can added
algebraically to form a single component.

That vector is 17.17(wind) + 2.0(mass) + 1.07(ice) = 20.24 lbs

Factor of Safety = 100/20.24 = 4.94

Group Il combined loads - Side Wind Situation

This per magnet loading is a combination of the following components:
- Tensile from side wind - 12.56 Ibs

- Tensile from mass - 2.0 Ibs

- Tensile fromice - 1.07 lbs

- Shear from side wind - 6.74 Ibs

- Shear from mass - 4.45 lbs

- Shear fromice - 1.98 Ibs
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The shear forces resulting from ice anc mass act in the same direction and can be added
algebraically to form a single component. The shear vector from the wind load acts in

in the same plane but at right angles tc the ice & mass vector all three can be combined
per the diagram below.

6.74

Combined 445

1.98

Combined Shear = ((6.742) + (6.43%) ' = 9.31 Ibs
Factor of Safety = 35/9.31 = 3.76

All tensile forces are acting in the saime direction and can be added
algebraically to form a single component.

That vector is 12.56(wind) + 2.0(mass) + 1.07(ice) == 15.63 Ibs
Factor of Safety = 100/15.63 = 6.4

5\
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Note: The file 74035genericR01.xls is NOT write protected. Cells A7 thru A33 are user
entered data and are relative to the geometry of specific components within the general
arrangement being investigated. See page 0 of this calculation set to identify abbreviations
for specific forces and reactions and see the next page to identify components and
dimensions discussed below. Dimensions and mass values on the next page are

marked with the appropriate cell where they should be entered (A19 thru A29). The user
should not enter data into or alter any cells other than those discussed below. Note units
where applicable.

Cell A7 Wind speed (mph) at location. See Appendix 02.
Cell A8 Exposure Factor based on elevation. See Appendix 03.
Cell A9 Ice Load Area? See Appendix 02. Enter 3 for yes and 0 for no.

Cell A11*  Antenna 1 exposure to rear winds (ft 9
Cell A12*  Antenna 1 exposure to side winds (ft 9

Cell A14*  Antenna 2 exposure to rear winds (ft 9
Cell A15*  Antenna 2 exposure to side winds (ft 9

Cell A17*  Vertical tube exposure area to side winds (ft 9

Cell A19 Vertical distance between mounts. (in)

Cell A20 Vertical distance - Bottom mount to antenna #1 CG. (in)
Cell A21 Vertical distance - Bottom mount to antenna #2 CG. (in)
Cell A22 Vertical distance - Bottom mount to vertical tube CG. (in)
Cell A23 Horizontal distance - Magnet face to antenna #1 CG. (in)
Cell A24 Horizontal distance - Magnet face to antenna #2 CG. (in)
Cell A25 Horizontal distance - Magnet face to vertical tube CG. (in)

Cell A27 Mass (Ibs) of antenna #1 (manufacturer supplied data)
Cell A28 Mass (Ibs) of antenna #2 (manufacturer supplied data)
Cell A29*  Mass (Ibs) of vertical tube.

Cell A31*  Ice surface area** (ft ) of antenna #1
Cell A32* Ice surface area** (ft 9 of antenna #2
Cell A33* lce surface area** (ft ) of vertical tube

* Requires offline user calculation
** |ce surface area = Total outside surface
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A27 '\

Antenna #1

v

A28

] Vertical tube

Antenna #2

A29

Top Mig

Bracket
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o D(ra)
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Bracket
(BB)

)
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" Height and Exposure Factors, K,

Height, m(ft) K,
5.0(16.4) or less 0.87
7.5 {24.6) 0.94
10.0 (32.8) 1.00
12.5 (41.0) 1.05
15.0 (49.2) 1.09
17.5(57.4) 1.13
20.0 (65.6) 1.16
22.5(73.8) 1.19
25.0 (82.0) 1.21
27.5 (90.2) 1.24
-.30.0 (98.4) 1.26
35.0 (114.8) 1.30
40.0 (131.2) 1.34
45.0 (147.6) 1.37
50.0 (164.0) 1.40
55.0 (180.5) 1.43
60.0 (196.9) 1.46
70.0 (229.7) 1.51
80.0 (262.5) 1.55
90.0 (295.3) 1.59
100.0 (328.1) 1.63
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User Entered Data
85.00 Wind Speed (mph)
1.46 Exposure Factor (per attached AASHTO tabie)
3.00 Ice {psf}

3.44 Antenna 1 Rear Exposure Area (square feet)
0.93 Antenna 1 Side Exposure Area {square feet)

3.70 Antenna 2 Rear Exposure Area {square feet)
0.79 Antenna 2 Side Exposure Area (square feet)

4.40 Vertical Tube Side Exposure Area {square feet)

60.00 Vertical Distance Between Mounts (in}

130.00 Vertical Distance - Bottom mount to antenna 1 CG (in)
73.50 Vertical Distance - Bottom mount to antenna 2 CG (in)
65.00 Vertical Distance - Bottom mount to vertical tube CG. {in)
19.45 Horizontal Distance - Magnet face to antenna 1 CG (in)
19.45 Horizontal Distance - Magnet face to antenna 2 CG (in)
12.25 Horizontal Distance - Magnet face to vertical tube CG (in)

18.70 Mass of Antenna #1 {lbs)
20.00 Mass of Antenna #2 (Ibs)
175.00 Mass of Vertical Mount Tube (lbs)

8.18 Ice surface area antenna 1 (square feet)
9.45 Ice surface area antenna 2 (square feet}
13.96 lce surface area vertical tube {square feet}
Caiculated Constants
30.00 1/2 distance between magnetic mounts {in)
Calculated Component Wind Loads
118.61 FR1 (wind force (lbs} at rear of antenna 1)
32.07 F51 {wind force (lbs} at side of antenna 1)

127.57 FR2 {wind force (Ibs) at rear of antenna 2)
27.24 FS2 (wind force (ibs) at side of antenna 2)

151.71 FST {wind force (lbs) at side of mounting tube)
Calculated Component ice Loads
24.54 Ice Load (lbs) Antenna 1
28.35 Ice Load {Ibs) Antenna 2
41.88 ice Load (lbs) Vertical Tube
Mounting Bracket Forces From Rear Winds
413.26 FRTB (top bracket force - rear wind)
167.08 FRBB (bottom bracket force - rear wind)
17.22 Top Mount Tension per magnet from rear wind
Mounting Bracket Forces from Side Winds
161.69 FSB horizontatl "shear" load per bracket
6.74 Horizontal "shear" load per magnet from side wind

301.19 FP (mounting pad {lbs tension and compression) load from Side wind Loads
12.55 Tension load per magnet from side wind load
Mass Loads
106.85 FSVM Vertical "shear" load per bracket
4.45 Vertical "shear" load per magnet

48.27 FP (mounting pad {ibs tension and compression) load from Mass Loads
2.01 Tension load per magnet from Mass Load
ice Loads
94.77 FSVI Vertical "shear" load per bracket
1.97 Vertical "shear" load per magnet

25.70 FP {(mounting pad {lbs tension and compression) load from Mass Loads
1.07 Tension load per magnet from Mass Load
Combined Loads - Rear Wind Situation
6.43 Vertical "shear" (mass + ice)
5.45 Factor of Safety

20.30 Tensile Load (wind + mass + ice)
4.93 Factor of Safety
Combined Loads - Side Wind Situation
9.31 Combined "shear" {wind + mass + ice)
3.76 Factor of Safety

15.63 Tensile Load (wind + mass + ice)
6.40 Factor of Safety

Appendix 04
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¥ au. SRS PREMIER ENGINEERING TECHNOLOGIES

ot
PN 14701 Detroit Rd. Suite 460, Lakewood Ohio 44107

March 5, 2005

Mr. David Klein

Metal & Cable Corp.
9337 Ravenna Rd. Unit C
Twinsburg, Ohio 44087

Reference:  The Magnemount, Magnetic Mounting System

Dear Mr. Klein:

I am writing this to report my opinion on the above referenced mount. I have engineered and
managed the rehabilitation of many tanks of various sizes with a total cost of over 18 million
dollars. Exercising caution when a new product is introduced, a number of issues were studied
as follows:

Cost advantages of the mount’s installation cost and the elimination of the need to repair
the internal or external coatings due to welding of the mount are evident, especially if the
tank already has the cable trays attached as part of its original construction or a previous
antenna installation. Not having to repair internal coating eliminates interruption of the
tank’s operation, which is paramount.

Breakaway force of the magnets as shown in the tests conducted by Stork Materials
Technology is more than sufficient for typical installations. Also the flexibility provided
for magnet deflection and provision for normal magnet movement are adequate to
provide the required magnet to steel contact for most if not all tanks. This was
demonstrated in your facility on a curved plate.

Magnemount’s mode of failure is superior to a welded mount. The disengagement of the
magnets, at extremely high and unforeseen loads, acts as a structural safety mechanism
minimizing the amount of structural analysis and design needed. If a mount is subjected
to extremely high loads it will topple over to the most aerodynamically neutral
orientation and is held onto the tank by the securing cable. However, in the case of a
welded non-magnetic mount, high loads may cause failure of the mount or cause local
damage to the tank. Repair of the Magnemount is quicker and less expensive.

A major issue is whether the magnets’ metallic shell causes damage to a typical tank’s
coating. This was tested using five metal plates coated with five different epoxies
typically used on tanks. We attached a magnet and slid it across the coated plates
repeatedly. The magnet did not damage the coating when fitted with the adhesive
protective film. The adhesive film is further held in place by the magnetic attraction
between the magnet and the steel plate. The affect of the film thickness has been studied
as shown by another experiment conducted Stork Materials Technology, and determined



Magnemount Evaluation/ March 5, 2005 Page 2 of 3

to produce a quantified minimal reduction in the magnetic force. We subjected the
magnet with adhesive film to complete immersion in approximately 109 degrees
Fahrenheit water for 30 minutes then cooled it off with a cold-water rinse. The magnet
was then attached to a coated plate and shid it rapidly back and forth six inches for twenty
cycles without any apparent damage to the film or coating. We then subjected the same
magnet and film to running cold water of approximately 45 degrees Fahrenheit
temperature at 75 gallons per minute for two hours. The film remained attached to the
magnet. We followed that with another twenty cycles of rapid back and forth sliding of
the magnet against a coated plate. Again there wasn’t any apparent damage to the
coating. It also appears that wetness causes a small film to form between the magnet and
steel plate due to the shear forces created by the fast sliding surfaces. The aluminum
frame of the mount will not cause any rust stains. Also the magnets’ shells are plated and
powder coated almost eliminating the possibility of any corrosion. In addition the
magnets’ powder coating is protected from direct ultraviolet rays by the mount’s
aluminum base. Hence if the mount is sized properly it should not move but even if it
moved due to an unforeseen condition the adhesive film will protect the coating.

e [fa tank’s owner is more conservative, then | recommend they consider one of the many
tank coatings that are highly resistant to scratching and can withstand the sliding action of
the magnets even without the recommended adhesive protective film. Those coatings are
desirable regardless of mount type, especially in the areas where foot traffic can occur to
prevent damage to the coating by people’s boots. equipment and tools. If proper color
matching is done, the whole tank need not be coated with the mentioned coating. Making
this a very economical option with a longer coating lifespan. I have used such coatings
almost exclusively in the past with a lot of success. The extra cost of the coating
materials is more than offset by the coating thickness needed and the longevity of the
product. This is not to mention the considerable savings from mount installation.

e Magnemount will attach with a small gap between its plate and the tank’s surface. This
gap allows water to drain between the magnets and prevents it from accumulating under
the mount. Hence there isn’t a need to seal weld or caulk the perimeter. The seal weld
requirement is intended for permanent plates that are attached to the tank which prevent
access to the tank or plate surface for proper coating. The mount can be easily removed
during scheduled tank rehabilitation projects then reinstalled with ease. This allows for
coating repair and complete coating of the tank surface with the antennas out of the way.
Reinstallation after rehabilitation introduces more savings.

In my opinion, as listed above, there are many benefits to this product. The failure mode by
disengagement is especially attractive to me. I highly recommend the Magnemount for

consideration as an alternative to welded in place mounts. If T can be of any help or if there are
any questions please feel free to contact me.

Sincerely yours,




Sami F. Sarrouh, P.E.

Mr. Sarrouh has nineteen years of experience in applied research and design. Areas of
expertise include mechanical and process systems, computational fluid dynamics, fluid
structure interaction, machine design, turbo machinery, hydraulics, pneumatics,
H.V.A.C., plumbing, plant layout, process piping and controls, water tank
rehabilitation, tank mixing/baffling for water quality, tank and pump-station design
and automation.

Having served fifteen of those years in the Cleveland Division of Water, Mr. Sarrouh
completed work on more than seventy different projects. As a lead engineer in charge
of a multi-discipline design and inspection team he was responsible for the design and
construction management of all new or renovated pump stations and water storage
facilities. As part of his responsibilities he researched, conceptualized, set design
standards, worked on the design and managed construction, troubleshooting and
startup of three new stations that were by scope trend setters in technology for all
future designs. As a Project Manager he managed the design, construction and
commissioning of a number of project in excess of $40 million about $18 million of
which are on tank rehabilitation and coating.

Mr. Sarrouh has a track record of innovation including a number of patents and
publications introducing new methodologies or mathematical algorithms. He is
contributing member of the AWWA standard Committee on rate of flow meter.

Since Fall 2002 he teaches senior level courses at Cleveland State University. The
evening courses include machine design, thermal systems, mechanical systems design
and senior year design projects.



R\

BEACH & ASSOCIATES
MECHANICAL DESIGN & ENGINEERING n——

P.0. 185, WATERFORD, Wi 53185
TELEPHONE 262-534-9001

Metal & Cable Corp., Inc.
Antenna Mount Calculations - R01

B & A Project 74035

Prepared for:

David Klein

Metal & Cable Corp.
P.O.Box 117
Twinsburg, OH 44087
July 24, 2010

Michael E. BeacH, P.E.
President
Beach & Associates, LL.C




74035 Antenna Mount Calculations
74035R01
7/24/2010

Overview

The scope of Part 1 of the project required calculations based on AASHTO standards to determine loads
at the base of a mounting system used to attach a dish/panel antenna array to the side of a water
tower. The calculation set is shown on pages 0 thru 13 of the attached document and is loosely based on
a proposed installation in Washington state. The general arrangement of that installation can be found
in Appendix 1. Some of the geometric values used in the attached calculations such as the horizontal
distances between components were scaled from this document.

Multiple exceptions and assumptions were employed in the execution of the calculation set. They are
listed below in no specific order of priority.
1) The height above ground of the antenna array has been arbitrarily set to 200’.
2) The antenna array was assumed to have full exposure from a rear wind situation.
3) The exposure of the vertical pole was assumed to be negligible for front & rear wind situations.
4) The exposure of the various clamps, brackets, and hardware was assumed to inconsequential.
5) Loads per magnetic bracket in some cases were assumed to be evenly distributed even though
the actual distribution is statically indeterminate.
6) Allowable loads per magnet and per magnetic bracket as well as the layout of the magnets on
each bracket were supplied by the client.
7) The radius of curvature of the water tank was assumed to be negligible.
8) Ice loads, if applicable, are assumed to cover the entire component in question.

Constants used in the calculation set were taken from the AASHTO standard and are included in the
appendix. All wind velocities were taken from the map on Appendix 2. It should be noted here that
while the nominal wind velocities were used in generating the attached values, local building codes
should be consulted in areas designated as special wind regions. The exposure factor, which is based on
the height of the structure being analyzed relative to the local terrain, is taken from an AASHTO table
and is shown in Appendix 3. A drawing of the magnet mounting plate is shown on Appendix 5. The
magnets are attached to the 0.44 diameter thru holes. Other constants used in this report are the
minimum gust factor of 1.14, a wind importance factor of 1.0, a drag co-efficient of 1.12, and an ice load
of 3 Ibs/ft.

The scope of Part 2 of this project involved the creation of an excel spreadsheet to be used in generating
approximations of loadings where the installation is similar to the condition shown in Appendix 1. The
results of this spreadsheet should be considered only as an approximation as each site should be
carefully reviewed to apply the appropriate AASHTO values. A digital copy of this file has been supplied
under separate cover under the file name of 74035genericR01.xls. A printed copy of a completed
spreadsheet based on a specific example is shown on Appendix 4. A simplified general arrangement of



74035 Antenna Mount Calculations
74035R01
7/24/2010

the loading condition depicted by this spreadsheet is shown on page 15 of the calculation set. The
tutorial on its use begins on page 14. The cells within the spreadsheet are NOT write protected. The
overall accuracy can be verified using the example on pages 1 thru 13 and making allowances for round-
off error,

Conclusion

Calculations for factors of safety for the conditions presented here-in are well within range of generally
accepted safe working conditions.



ENGINEERING CALCULATIONS

Project# _74035 Client_Metal-Cable Corp Date_ Q7-08-10

Subject_Antenna Mount Calculations - Abbreviations ~ Page#_0Q  NextPage#_ 1

BB Bottom bracket

FFBB Front wind force @ bottom brackst
FFD  Wind load at front of dish antenna
FFP  Wind load at front of panel antenna
FFTB Front wind force @ top bracket

FIB Force @ magentic bracket from ice load
FID Ice load on dish antenna

FIP Ice load on panel antenna

FIT Ice load on vertical tube

FMB Force @ magentic bracket from component mass
FP Force @ magentic pad

FRBB Rear wind force @ bottom bracket
FRD Wind load at rear of dish antenna
FRP  Wind load at rear of panel antenna
FRTB Rear wind force @ top bracket

FSB Shear load @ mounting bracket
FSD Wind load at side of dish antenna
FSP  Wind load at side of panel antenna
FST  Wind load at side of vertical tube
FSV  Vertical shear force @ magnetic pad
MD Mass of dish antenna

MP Mass of panel antenna

MT Mass of vertical tube

B Top bracket
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ENGINEERING CALCULATIONS

Project# 74035 client__Metal-Cable Corp Date_ 07-08-10

Subject i - Wi Page#_1 Next Page#__ 2

Wind Load Equation (AASHTO LTS-4)

P,(lbs/ft?) = .00256 K,G V?I,C 4

| o

Wind Importance Factor

Drag Coefficient

— Wind Velocity (mph)

—™ Gust Factor

— Exposure Factor *

Calculate Dish Antenna Area & Wind Load (Front or Rear Exposure)
- 25.1" Dia (given)

- Area = wr2 = (mw)(12.55% =494.8in2

- 494.8in% /144 = 3.441t?

- P, (Ibs/ft?) = (.00256(1.46)(1.14)(852)(1.0)(1.12) = 34.47Ibs/ft

- FFD = FRD = (34.47)(3.44) = 118.58 Ibs.

Calculate Dish Antenna Area & Wind load (Top or Side Exposure)
- Simplified profile shown below

[l——_ 25.1 —————} B

Area = (25.1)(8.2)-(10)(7.2) = 133.82in2

133.82in%2 /144 = 93t?

P, (Ibs/ft?) = (.00256(1.46)(1.14)(85%)(1.0)(1.12) = 34.47Ibs/ft 2
FSD = (34.47)(.93) = 32.06 Ibs.

* Arbitrarily set at 200'

5\

fifcalcgrid 990418 BEACH & ASSOCIATES

MECHANICAL DESIGN & ENGINEERING
P.O. 185, WATEFORD, WI 53185
TELEPHONE 262-534-8001




ENGINEERING CALCULATIONS

Project# _74035 client_Metal-Cable Corp Date_Q7-08-10
Subject_Antenna Mount Calculations -Windloads ~ Page# 2 Next Page#__ 3

Calculate Panel Antenna Area & Wind Load (Front or Rear Exposure)
- 12.7 " x 42" profile (given)

- Area = (12.7)(42) =533.4in?

- 533.4in% /144 =3.701t?

- P, (Ibs/ft?) = (.00256(1.46)(1.14)(852)(1.0)(1.12) = 34.47Ibs/ft 2

- FFP = FRP = (34.47)(3.7) = 127.54 Ibs.

Calculate Panel Antenna Area & Wind Load (Side Exposure)

- 2.7 " x 42" profile (given)

- Area = (2.7)(42) = 113.4in?

- 113.4in%2/144 = 79t

- P,(Ibs/ft?) = (.00256(1.46)(1.14)(852)(1.0)(1.12) = 34.47Ibs/ft 2
- FSP = (34.47)(.79) = 27.23 Ibs.

Calculate Panel Antenna Area (Top Exposure)
- 12.7 "x 2" profile (given)

- Area = (12.7)(2) =34.29in2

- 34.29in%/144 = 241t?

Calculate Tube Projected Area (Front or Rear or Side Exposure)

- 45" OD (given) x 140" long

Area = (4.5)(140) = 630in 2

6302/ 144 = 4.4 ft?

P, (Ibs/ft?) = (.00256(1.46)(1.14)(852)(1.0)(1.12) = 34.47lbs/ft ?
FST = (34.47)(4.4) = 151.66 Ibs.
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ENGINEERING CALCULATIONS

Project# _74035 client_Metal-Cable Corp Date_ Q7-08-10
Subject_ Antenna Mount Calculations - Frontal Wind Loads Page# 3  NextPage#_ 4
Frontal Wind Loading | - o [
FFD = 11851bs _ |
The top mounting bracket becomes S T
the "pivot" for all horizontal forces H/ lu
in this configuration B
E
56.5"
P
A
N
R £ =
FFP =127.541bs | Top Mtg
i85 <I Bracket
e (TB)
60"
Bottom Mtg
Sum Moments about FFTB (cw= +): _<I kel
(BB)
FFBB 127.54 Ibs 118.5 Ibs
L |
r FFTB

SM @ TB = 0 = (13.5)(127.54) +(70)(118.5)-(60) (FFBB)
FFBB = ((13.5)(127.54)+(70)(118.5))/60 = 166.94 Ibs

Solve for FFTB:

2F =0=127.54+118.5 +166.94 - FFTB
FFTB = 412.98 Ibs

SR\

BEACH & ASSOCIATES

ff/calogrid 990418

MECHANICAL DESIGN & ENGINEERING  seessm—
P.O. 185, WATEFORD, Wi 53185
TELEPHONE 262-534-9001




ENGINEERING CALCULATIONS

Project# 74035 client_Metal-Cable Corp Daté 07-08-10
Subject_Antenna Mount Calculations - Frontal Wind Loads  Page# 4  NextPage# 5
127.54 lbs

118.5 Ibs

Shear Diagram
166.86

Moment Diagram

10,012 in-lbs

The frontal wind condition puts the top magnetic mounting bracket into compression
and applies a tensile load to the lower mounting bracket. Per the equations on the
previous page, that total tensile load (FFBB) is 166.82 Ibs. Assuming equal distribution
on all magnets, each individual magnet is subject to 166.86/24 or 6.95 Ibs.

BEACH & ASSOCIATES
MECHANICAL DESIGN & ENGINEERING
P.0. 185, WATEFORD, W1 53185
TELEPHONE 262-534-9001




ENGINEERING CALCULATIONS

Project# 74035 Client__Metal-Cable Corp Date_ 07-08-10
Subject_Antenna Mount Calculations - Rear Wind Loads =~ Page# 5  NextPage# 6

Rear Wind Loading ]
_ FRD = 118.5 Ibs
The "bottom" mounting bracket becomes T
the "pivot" for all horizontal forces U
in this configuration B
E
56.5" -
P
A
N
T FRP S127540bs |-
- ) S L Top Mig
Bracket
135 < ’
] (TB)
60"
Bottom Mtg
Brack
Sum Moments about FRBB (cw= +): _<] (gg) et
FF{TBl
l |
TFHBB T1 27.54 lbs T1 18.5 Ibs

SM @ BB = 0 = (60)(FRTB) - (73.5)(127.54) - (118.5)(130)
FRTB = ((73.5)(127.54)+(130)(118.5))/60 = 412.98 lbs

Solve for FRBB:

3F =0=127.54+118.5-412.98 + FRBB
FRBB = 166.94 Ibs

h\
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ENGINEERING CALCULATIONS

Project# _74035 Client_Metal-Cable Corp Date_ 07-08-10
Subject_Antenna Mount Calculations - Rear Wind Loads ~~ Page#_ 6 NextPage#_ 7
166.94
Shear Diagram
118.5 Ibs
127.54 Ibs
10,016 in-lbs

Moment Diagram

The rear wind condition puts the bottom magnetic mounting bracket into compression
and applies a tensile load to the top mounting bracket. Per the equations on the
previous page, that total tensile load (FRTB) is 412.98 Ibs. Assuming equal distribution
on all magnets, each individual magnet is subject to 412.98/24 or 17.20 Ibs.

The analysis generated to this point indicates that the tensile loads created by the wind

from the rear of the structure create higher "tensile" forces on the magnetic pads than
do the winds from the front of the structure.

BEACH & ASSOCIATES
MECHANICAL DESIGN & ENGINEERING
P.0. 185, WATEFORD, Wi 53185
TELEPHONE 262-534-9001




ENGINEERING CALCULATIONS

Project# 74035 client__Metal-Cable Corp Date_ Q7-08-10
Subject_Antenna Mount Calculations - Side Wind Loads  Page#_ 7 NextPage# 8

Side Wind Loading

Two types of loads are generated by winds blowing at the side profiles of the antennae.
The first type of load is a shear loading which is discussed below. The second loading
produces tensile and compressive loads on the magnets and is discussed on the
following page.

Side Wind Loading - Shear

The shear loads generated by winds blowing at the side profiles of the antennae are
resisted by a couple centered at the midpoint of the distance between the two magnetic
mounting pads. By definition, both forces of a couple are equal to each other. Therefore,
for subsequent shear calculations, FSBB and FSTB are renamed simply as FSB.

Sum Moments about couple center (cw= +):

ESD = 32.06 Ibs
56.5"
P
A
FSP=27.231bs E Top Mtg
135 L Bracket
| |  FST=151.66lbs _ [] (TB)
oo J FSB

SM = 0 = (43.5)(27.23) + (100)(32.06) + (35)(152) - (60)(FSB)
FSB = ((43.5)(27.23)+(100)(32.06) + (152)(35))/60 = 161.84 60 |®

[ Bottom Mtg
FoB o Bracket
— (BB)
SR\

fl/caicgrid 990418 BEACH & ASSOCIATES

Each shear load will be resisted equally by 24 magnets.
the resulting individual load will be 161.84/24 = 6.74 lbs

MECHANICAL DESIGN & ENGINEERING  se—————
P.0. 185, WATEFORD, W1 53185
TELEPHONE 262-534-9001




ENGINEERING CALCULATIONS

Project# _74035 Client__Metal-Cable Corp Date__Q7-08-10
Subject_Antenna Mount Calculations - Side Wind Lloads ~ Page# 8  NextPage#_ 9

Side Wind Loading - Tension & Compression

The relative orientation of the antennae to each other
and to the magnetic brackets is shown in the plan view FSP + FSD = 59.29#
to the right. The antennae are offset from the magnetic

brackets by the distance shown. The indicated side force FST = 152#
creates a moment about the pad. This moment is
resisted by a "couple” at the pad. Each force of the couple
is located halfway from the center of the bracket to the [~ 19.45 —
center of its outer magnet. ‘2-1230
\ FP(-)

{ FP(+)
Dish -/ /

A

Panel —/

Support Tube

Magnetic Brkt

Sum Moments about couple center (cw= +):

SM = 0 = (10)FP - (12.25)(152) - (19.45)(59.29)
FP = ((19.45)(59.29) + (12.25)(152))/10 = 302 Ibs

Each component of the couple will be shared equally by 12 magnets/bracket.
The resulting individual load will be 302/24 = 12.56 lbs

B\
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Date__07-08-10

Mass Loads

Mass loads from the individual components are
resisted by a force couple with its center halfway
between the upper and lower mounting brackets.
This couple is similar to that created by wind side
loads. This force couple is solved on this page.
The mass loads are also resisted by a vertical
shear and are also discussed on this page.

Shear Forces from Mass Loads

MD = 18.7#

IIWw—Qg
mwcC -

~mz > 0|

Top Mtg
Bracket
(TB)

I_l

The total shear force will be shared equally

among 48 magnets. The load per individual

magnet will be (20 + 18.7 + 175)/48 = FSV
4.45 Ibs = FSV

| | FMB
MT = 175#

Bottom Mtg
Bracket
(BB)

=

Tensile and Compressive Forces from Mass Loads

Sum Moments about couple center (cw= +):

SM =0 = (60)(FMB) - (175)(12.25) - (18.7)(19.45) - (20)(19.45)

FMB = ((12.25)(175)+(18.7)(19.45) + (20)(19.45))/60 = 48.27 lbs

|| FMB

12.25
19.45

The tensile load on the top bracket will be shared equally by 24 magnets. The load per

individual magnet will be 48.27/24 = 2 Ibs.

fi/calcgrid 990418
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Ice Loads

Ice loads resulting from the coatings on individual components are calculated in exactly
the same method as were the mass loads on the previous page. The mass of the ice is

based on a constant of 3 lbs/ft of the surface being coated. Calculations of total areas
and the corresponding ice masses are shown on this page.

lce Surface Area - Dish Antenna
- Simplified profile shown below

f———— 254 ———]

‘i>k_ /| —72

- Area calculated via Solid Works = 8.18 ft 2
- FID = (8.18)(3.0) = 24.55 Ibs.

— 8.2

Ice Surface Area - Panel Antenna
- 12.7 "x 42" x 2.7" profile (given)

- Area = ((12.7)(42)(2) + (12.7)2.7)(2) + (2)(2.7)(42))/144 = 9.451t 2
- FIP = (9.45)(3.0) = 28.35 Ibs.

Ice Surface Area - Support Tube
- 4.5" 0D (given) x 140" long

- Area = ((4.5)(140)(w) + ( 7)(2.253(2))/144 = 13.96 ft 2
- FIT = (13.96)(3.0) = 41.9 Ibs.

BEACH & ASSOCIATES
MECHANICAL DESIGN & ENGINEERING
P.O. 185, WATEFORD, WI 53185
TELEPHOMNE 262-534-9001
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Shear Forces from Ice Loads
The total shear force will be shared equally
among 48 magnets. The load per individual

magnet will be (24.55 + 28.35 + 41.9)/48
= 1.98 Ibs.

Tensile and Compressive Forces from Ice Loads

Sum Moments about couple center (cw= +):

IIw™—Qg

FID = 24.55#

~mz > 0|

mwc -

Top Mtg
Bracket

(TB)

FIP = 28.35#
6{)"

FIB

[
L
FIT = 41.9#
Bottom Mtg
Bracket

(BB)

=

SM =0 = (60)(FIB) - (41.9)(12.25) - (24.55)(19.45) - (28.35)(19.45)
FIB = ((12.25)(41.9)+ (24.55)(19.45) + (28.35)(19.45))/60 = 25.70 Ibs

©

|| FIB

12.25
45

The tensile load on the top bracket will be shared equally by 24 magnets. The load per

individual magnet will be 48.27/24 = 1.07 Ibs.

tijcalegrid 990418
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Group | combined loads - Rear Wind Situation

This per magnet loading is a combination of the following components:
- Tensile from rear wind - 17.17 lbs

- Tensile from mass - 2.0 Ibs

- Tensile from ice - 1.07 Ibs

- Shear from mass - 4.45 |bs

- Shear fromice - 1.98 Ibs

The shear forces resulting from ice and mass act in the same direction and can be added
algebraically to form a single component.

That vector is 4.45(mass) + 1.98(ice) = 6.43 Ibs

Factor of Safety = 35/6.43 = 5.44

Likewise, all tensile forces are acting in the same direction and can added
algebraically to form a single component.

That vector is 17.17(wind) + 2.0(mass) + 1.07(ice) = 20.24 lbs

Factor of Safety = 100/20.24 = 4.94

Group Il combined loads - Side Wind Situation

This per magnet loading is a combination of the following components:
- Tensile from side wind - 12.56 Ibs

- Tensile from mass - 2.0 Ibs

- Tensile fromice - 1.07 Ibs

- Shear from side wind - 6.74 Ibs

- Shear from mass - 4.45 |bs

- Shear fromice - 1.98 Ibs

5\

fifcalcgrid 990418 BEACH & ASSOCIATES

MECHANICAL DESIGN & ENGINEERING

P.O. 185, WATEFORD, Wl 53185
TELEPHONE 262-534-9001



ENGINEERING CALCULATIONS

Project# 74035 Ciient_Metal-Cable Corp Date__07-08-10

Subject i - i Page# 13  NextPage#_ 14

The shear forces resulting from ic2 ancl mass act in the same direction and can be added
algebraically to form a single component. The shear vactor from the wind load acts in

in the same plane but at right angles tc the ice & mass vector all three can be combined
per the diagram below.

6.74

Combined 445

11.98

Combined Shear = ((6.74% + (6.43%)"? = 9.31 Ibs
Factor of Safety = 35/9.31 = 3.76

All tensile forces are acfing in the same direction and can be added
algebraically to form a sindle component.

That vector is 12.56(wind) + 2.0(mass) + 1.07(ice) = 15.63 lbs
Factor of Safety = 100/15.63 = 6.4

5\
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Note: The file 74035genericR01.xls is NOT write protected. Cells A7 thru A33 are user
entered data and are relative to the geometry of specific components within the general
arrangement being investigated. See page 0 of this calculation set to identify abbreviations
for specific forces and reactions and see the next page to identify components and
dimensions discussed below. Dimensions and mass values on the next page are
marked with the appropriate cell where they should be entered (A19 thru A29). The user
should not enter data into or alter any cells other than those discussed below. Note units
where applicable.

Cell A7 Wind speed (mph) at location. See Appendix 02.
Cell A8 Exposure Factor based on elevation. See Appendix 03.
Cell A9 Ice Load Area? See Appendix 02. Enter 3 for yes and 0 for no.

CellA11*  Antenna 1 exposure to rear winds (ft %
Cell A12*  Antenna 1 exposure to side winds (ft 9

Cell A14*  Antenna 2 exposure to rear winds (ft 9
Cell A15*  Antenna 2 exposure to side winds (ft %)

Cell A17*  Vertical tube exposure area to side winds (ft 9

Cell A19 Vertical distance between mounts. (in)

Cell A20 Vertical distance - Bottom mount to antenna #1 CG. (in)
Cell A21 Vertical distance - Bottom mount to antenna #2 CG. (in)
Cell A22 Vertical distance - Bottom mount to vertical tube CG. (in)
Cell A23 Horizontal distance - Magnet face to antenna #1 CG. (in)
Cell A24 Horizontal distance - Magnet face to antenna #2 CG. (in)
Cell A25 Horizontal distance - Magnet face to vertical tube CG. (in)

Cell A27 Mass (Ibs) of antenna #1 (manufacturer supplied data)
Cell A28 Mass (Ibs) of antenna #2 (manufacturer supplied data)
Cell A29*  Mass (Ibs) of vertical tube.

Cell A31* Ice surface area** (ft 9 of antenna #1
Cell A32* Ice surface area** (ft 9 of antenna #2
Cell A33* Ice surface area** (ft 9 of vertical tube

* Requires offline user calculation
** |ce surface area = Total outside surface

SR\
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Antenna #1

A27
\ — _ Vertical tube

o

v
/ / Antenna #2
(Y%
/ A29

A28 \l_

i Top Mtg
@ Bracket

A20 ﬁ D (TB)

A22 A19
Bottom Mtg
Bracket
M (8B)

L

—{ A25 |=—

A24

A23

5\
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Height and Exposure Factors, K,

Height, m(ft) K;
5.0(16.4) or less 0.87
7.5 (24.6) 0.94
10.0 (32.8) 1.00
12.5 (41.0) 1.05
15.0 (49.2) 1.09
17.5 (57.4) 1.13
20.0 (65.6) 1.16
22,5 (73.8) 1.19
25.0 (82.0) 1.21
27.5 (90.2) 1.24
~.30.0 (98.4) 1.26
35.0 (114.8) 1.30
40.0 (131.2) 1.34
45.0 (147.6) 1.37
50.0 (164.0) 1.40
55.0 (180.5) 1.43
60.0 (196.9) 1.46
70.0 (228.7) 1.51
80.0 (262.5) 1.55
90.0 (295.3) 1.59
100.0 (328.1) 1.63
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74035genericRO1.xls
7/24/2010

User Entered Data
85.00 Wind Speed [mph)
1.46 Exg Factor (per hed AASHTO table)
3.00 Ice {psf}

3.44 Antenna 1 Rear Exposure Area (square feet)
0.93 Anty 1 Side E Area (sq feet)

3.70 A 2 Rear Exg Area (sq feet)
0.79 Antenna 2 Side Exposure Area (square feet)

4.40 Vertical Tube Side Exposure Area (square feet]

60,00 Vertical Distance Between Mounts (in}

130.00 Vertical Distance - Bottom mount to antenna 1 CG (in)
73.50 Vertical Distance - Bottom mount to antenna 2 CG (in)
65.00 Vertical Distance - Bottom mount to vertical tube CG. {in)
19.45 Horizontal Distance - Magnet face to antenna 1 CG (in)
19.45 Haorizontal Di - M face to 206G (in)

12.25 Horizontal Distance - Magnet face to vertical tube CG (in)

18,70 Mass of Antenna #1 {lbs)
20.00 Mass of Antenna #2 {Ibs)
175.00 Mass of Vertical Mount Tube (lbs)

8.18 Ice surface area antenna 1 (square feet)
9.45 [ce surface area antenna 2 (square feet}
13.96 lce surface area vertical tube {square feet)

Calculated Constants
30,00 1/2 dist baty magnetic {in}
Calculated Component Wind Loads

118.61 FR1 (wind force (lbs) at rear of antenna 1)
32.07 F51 (wind force (lbs) at side of antenna 1)

127.57 FRZ {wind force (lbs) at rear of antenna 2)
27.24 752 (wind force (lbs) at side of antenna 2}

151.71 FST (wind force (lbs) at side of mounting tube)
Calculated Component ice Loads
24.54 Ice Load (Ibs) Antenna 1
28.35 lce Load (lbs) Antenna 2
41.88 Ice Load (lbs) Vertical Tube
Meounting Bracket Forces From Rear Winds
413.26 FRTB {top bracket force - rear wind)
167.08 FRBB (bottom bracket force - rear wind})
17.22 Top Mount Tension per magnet from rear wind
Mounting Bracket Forces from Side Winds
161.69 FSB horizontal "shear” load per bracket
€.74 Horizantal "shear” load per magnet from side wind

301.12 FP (mounting pad {Ibs tension and compression) load from Side wind Loads
12.55 Tension load per magnet from side wind lcad
Mass Loads
106.85 FSVM Vertical "shear” load per bracket
4.45 Vertical "shear" load per magnet

48.27 FP (mounting pad (ibs tension and compression) load from Mass Loads
2.01 Tension load per magnet from Mass Load
Ice Loads
94.77 FSVI Vertical "shear” load per bracket
1.97 Vertical "shear” load per magnet

25.70 FP (mounting pad {lbs tension and compression) load from Mass Loads
1.07 Tension load per magnet from Mass Load
Combined Loads - Rear Wind Situation
6.43 Vertical "shear” (mass + ice)
5.45 Factor of Safety

20.30 Tensile Load (wind + mass + ice)
4.93 Factor of Safety
Combined Loads - Side Wind Situation
9.31 Combined "shear” {wind + mass + ice)
3,76 Factor of Safety

15.63 Tensile Load {wind + mass + ice)
6.40 Factor of Safety
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August 28, 2010

Mr. David Klein

Metal & Cable Corp., Inc.
9337 Ravenna Road, Unit C
P.O. Box 117

Twinshurg, OH 44087

Brooks Stevens, Inc. (BSI) certifies that the “SEISMIC QUALIFICATION
TESTING OF A MAGNETOMOUNT MB, MAGNETIC MOUNTING SYSTEM FOR
METAL & CABLE CORP,, INC." identified by report number M109-14187 was
performed at DATASYST's facilities on June 15-16, 2010 in compliance with ICC-ES
AC156.

BS! has verified that the calculations performed by DATASYST are in
accordance with ICC-ES AC1586. This certification is based on design information, test
procedures and miscellaneous information supplied to BSI by DATASYST. BSI claims
no responsibility for errors resulting from misinformation or lack of information by
DATASYST or METAL & CABLE CORP, INC.

This certification does not replace the full test report that includes boundary

conditions, considerations and method of testing of the components verified by
DATASYST.

Brooks Stevens, Inc.

&@’/K’K/mﬂ/mﬁé&

George Konstantakls P.E.
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TEST PROCEDURES

INTRODUCTION

Metal & Cable Corp., Inc., of Twinsburg, Ohio confracted DATASYST
Engineering & Testing Services, Inc. of Delafield, Wisconsin to perform ICC-ES
ACI156 seismic qualification testing on a Magnemount MB (Magnemount)
magnetic mounting system. Testing was performed at DATASYST’s facilities on
June 15-16, 2010.

CONCLUSIONS

The Magnemount magnetic mounting system was subjected to a resonant
frequency search from 1.3 to 33.3 Hz followed by a thirty second seismic motion
test in each of the three mutually perpendicular axes. Testing was performed with
the Magnemount mounted to both vertical and horizontal surfaces. All testing was
performed with a 54 pound dead weight fastened to the mast which simulated an

antenna or other component.

The sine surveys showed that the structure has a resonant natural frequency of 11
Hz in both of the lateral axes (X and Y) which classifies the Magnemount as a
flexible structure. In the Z axis, which is parallel to the centerline of the mast,

there were no resonant natural frequencies below 33.3 Hz.

Throughout the course of seismic waveform testing there were no anomalies or

visual structural failures within the Magnemount. The Magnemount remained

magnetically coupled to the steel fixture plate for all tests. PRy

k)

st

The Magnemount is compliant to the AC156 specification. g /

One sample of a Magnemount magnetic mounting system was tested. The

Magnemount was 24” x 24” x 37.5" high, weighed 54 pounds, and contained (24)

Page 3 of 31
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3-3/4” diameter permanent magnet mounts. For all testing, a 54 pound dead
weight was fastened to the top of the mast which simulated the weight of an
antenna or other component. The center of the dead weight was located 3-3/4”

from the top of the mast.

An arbitrary axis system was defined for the Magnemount and is used as a
reference throughout this report. In this system the X and Y axes are in the plane
of the 24" x 24" aluminum base plate and the Z axis is parallel to the main axis of
the mast. A photograph of the defined axis system on the Magnemount is shown

in the photographs section of this report.

The Magnemount was tested in all three mutually perpendicular axes when the
mount was positioned in two distinct orientations, for a total of six seismic
waveform tests. The first orientation is the “vertical face mount” where the
surface that test article mounts to is in a vertical plane and the mast is parallel to
the ground. The second orientation is the “horizontal face mount” where the
mounting face is in a horizontal plane and the mast is positioned perpendicular to
the ground. The Magnemount was held to a %" thick steel fixture plate using only
the magnet mounting provisions of the test article. No other means were used to

restrain the test article.

In each of the six test axes a 0.1g, 1.3 — 33.3 Hz, sine survey was performed to
determine resonant natural frequencies of the system, followed by a 30 second
seismic input. Two response accelerometers were mounted at the top of the mast

to determine the resonant frequencies.

Prior to initiating the seismic waveform testing the Required Response Sggc 3

(RRS) was determined from the AC156 specification. Since it is unkm)w?fwbg »m}g o

the test article will be located in service the maximum RRS values daﬁné by fthe? ﬁgﬁf?s

&@ A/

Arig and the defined frequency range from 1.3 to 33 Hz.

Page 4 of 31
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Determination of the maximum Arpx and Agg values for, both the Uniform
Building Code and International Building Code, are as follows:

UBC Horizontal Axes
Arx = 2.5 C, (1+3(H/H,), limited to 4C,
ARIG =, (1+3 (HK/HT), limited to 3G,

UBC Vertical Axes

Vertical values are defined as 2/3 of the lateral axes and H, is defined as zero.
Aprx =2/3 (2.5C,)

AR!G = 2/3 Cn

The largest value of C, is defined as 0.66. Therefore, the maximum spectral
response acceleration values, according to the UBC code, are:

Horizontal Axis Apix =2.64 g
Horizontal Apig=1.98 g

Vertical Axis Apx=1.10g
Vertical Axis Apig=044 g

IBC Horizontal Axes

Artx = Sps(1+2(z/h)), limited to 1.68pg
Arig— 0.4505(14‘2(2/11))

IBC Vertical Axis

Vertical values are defined as 2/3 of the lateral axes and z is defined as zero.
AFLX = 2/38ps

ARIG = 4/158pg

Given that Sps = 2/3 Sps, that Sys = F, S and that the maximum site value
coefficient is 1; Sps = 2/3 S,. The maximum value for S; defined in the IBC is 3g,
therefore Sps = 2g. Therefore, the maximum spectral response acceleration . -799000%

values, according to the IBC code, are:

Horizontal Axis Appx =320 g
Horizontal Apis =2.40 g

Vertical Axis Apx=1.34 g
Vertical Axis Apig=0.54 g

Since the RRS amplitudes defined by the IBC are greater than the RRS
amplitudes defined by the UBC, the IBC amplitudes are used throughout the
course of testing.

Page 5 of 31
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Nomengclature

Ar x — Horizontal spectral acceleration calculated for flexible equipment
Agig — Horizontal spectral acceleration calculated for rigid equipment
C.,— UBC seismic coefficient
F. — IBC site coefficient
h — Average building/structure height relative to the base
Hy — Equipment attachment elevation with respect to grade (but not less than
Zero)
H, - Building/structure roof elevation with respective to grade
IBC - International Building Code
Ss — Mapped spectral accelerations for short periods
Sps — Spectral response acceleration at short period
Sms — maximum considered earthquake spectral response accelerations for short
period
UBC - Uniform Building Code
z — Height of structure with respect to grade, at point of equipment attachment
(but not less than zero)

Photographs of the test setups are shown in Section 6.0 Photographs of this report.

Page 6 of 31
DATASYST Project: M109-14187
June 30, 2010



010Z ‘OF sunf
LBIPT-60HW 1ot ISASVEVA
1E o L adug

ZH £'E€ MOojR(q SUON
Oti
okl

ZH £'€E mojaq suop
gLL
60l

{zH) Aouanbaug jeameN

NoOX > N

-

X

spoy 3saL

(1sep |esitap) eoed Buyunop |2ILOZLION
(1sep feouap) aoe+ Bugunop euozuo
{(ise [eoiap) aded Sununopy |BlUozUoH
(1sep JeyuozuoH) ased BununNop [EaeA
(1sep {eyuozuon) ased Bununop [2oaA
(1sejy 1eyuozuUoH) ase Sugunopy |EDILBA

uonBRuBLIO

3se] Jo doj, 3e JySap purog ps YIm sypusnbaay reanyey Junowoude) jo ajqe ],

AAVIAIINNES VLV ANV SLO'TJ

0y



010T ‘0Og aunr
LBIFI-GOIIN 309f014 LSASVLVA

[€Jo g adung
859
010z ‘s1 aunf “Aepsan, ‘Wd 95:9€:40 38 pajeald todoy 010T ‘51 un[ ‘Aepsony, ‘Wd Ww 9€-40 JEPoni
GINARD | :ouy deamg 00:00:00 :Buremoy puiky e Nm % :Aouenbary
onuiego] ad4 ], deamg ¥ 40:00 oEa. E%%@m e oom. A
(ZHydouenbary T T
00'0¢ 0001 oo'L
. ; - 000170
2EL67LT Sl68° 9“ (J)suBaijeipey 1
: A {eubis -
\—/
ﬂ 3
- / I S O T DO
f i e : et . . “ 000G 0L
g s - . T | . X . IS s e . S e i
AT o . ............................
: 0000°05
(uB)A{ub)
S0-0C-91 Q107 ‘S unyf Jnejaqumyyy Japjog umy sulg domg adAT 1sag, JPAST MOTT  IBIUBYN] 8|iJ0I]
[d-dasmg oty o1 joofoig

101 Spqussiussura g “doamg amg sixe X ‘Sugunopy 9 [ragaas



010Z ‘0F suny
LBLYI-60IIN 293load LSASVIVA
£ o g aled

0107 ‘9] auny ‘Aepsaupam “IWd F1:95: 10 1® paiealn Jodayy

WNAL0 1 ey dasmg 00:00:00
snuLedoy :adh g deamg 17 70:00
(zH) Aousnbald
00°0F 0001 oot
I —_ 000L°0
i
B
“mzf, "~ DDDD._‘
_____ - 0000°0L
SO RN Gnmie
[, e ¢ . " . uedlL|etped 7 .
(Y)suei ey | TO6T9 ¢ - 206T2'S - - (F)sueal|eipey T
R X - LeudLls
Gysteiyjeipey B
0000°05
{uB)/(uB)

6F-6v-£1 0102

O} unf Jnejadjuriyy’

:1apjo,] Iy

swg 1domg :adA], 389,

[PAST MO IBWBN 3|01

fd-deamg

N 2t 1oefoig

101d Apqussiwsuei, ‘daamg amig sixe A ‘Bupunoly 3084 [BINIIA



010Z ‘0g sun{
LATPT-60LIN 2alotd ISASV.IVA
[£J0 01 a8ng

0107 ‘1 aunyg ‘Aepsan}, ‘Nd 90:6%:S0 I8 pajeao Noday

010T ST ounf *Aepsany ‘Wd $0:6

UHAA20 | ey dosmg 00:00:00 :Buguseuay uE,k@,Nmmmwmmmm - o :Aouanbaiy
uueso 19dA[, doamg 19:40:00 WL AT [ ..,,.k..,;m\.w_w,.oo.ﬁ.. 4 HETEy |
{zH) ASuanbaiy - T e
000y oooL oo’k
\.\r... 000L0
[
i
- Q00071
- .
......... b DOD0.0—.
O%&Wﬁ . W S R T
0 (JSUBILIpeY | . A O S IO
0000°0S
(uB)/(ub)
{(ANS)doamsy JIopog uny oulg 1damg :adK], 189 [2ART MO aWleN SpgoId
[xd-doamg aweN ap1q 10afo1g

101d Aypqisspsues ], ‘dodmg aurg sixe 7 “Supunopy 208, [Bondap



0107 ‘ot aung I,
LRTPI-601IN 299000d ISASV.LVA W o
T€3e 1128y

i Wn,, 1
w%,.ma

o

010¢ ‘ST ouny “Avpsan] ‘Wd £1:6£:00 12 pajealn podey

WAAR0 | :oyey deamg 00:00:00 - :houanbazy
snueSo] :2d£y deamg 17:50:00 et
{z1) Asusnbalg .
00'oF 000k 00°L
. . . 000L'0
! | T0¥9" mN mm C.u
: i 96~ oa suealjepey T
T : wmcm 15 H;
~-r 00007}
............ S Oooouo—w
Eﬁ% ............... (RN R S S R R EE I
ﬁllxiivmcm._bm_mumm . e . - - e M . JRRSTUUP o
000005
(uB)/(ub)
SO-EE-81 010T ST unf Jnefacqumyy’ :12p[o.] Uy auig ydamg :adiy 1591 [0AS"f MO BWBN SJIJOI4
[xd-doamg aweN 9]1.] yoelo1g

1014 Anprqessiusued ), ‘dasmg aumg sixe X ‘Sununopy 098, [BIU0ZLIOH



Q10T ‘ot aunf
LRIPI-60TIN afond ISASV.IVA
[£30C] o8

o~

¥ ,.»n.
010C ‘¢1 sunf ‘Aepsan ], ‘Wd 97:91:L0 18 Pa3eaio poday 10T ‘51 ouny ‘Aepsany, ‘Wd §T: ok ko ym E% mﬁw
= ?

..rr
h}

UIAASO | :o)eyf doamg 00:00:00 uanbar g
apueSo] :adAf, doomg 790:00 oAy
) " {zH) Aousnbaig S e .
00ob ool oo'L
: . : 000L0
\/ | 19v0°L7 6996°0T (4)suealie ped T -
m A X {eubLs .
B i\l\..l\ll\ll‘\.‘!"
e :
\\
..... - - H - GDOO-OW
()sues fieixy
Gyste [1epey T W NN T O N S
: 000008
(uB)H(ub)
E1-01-61 010 ‘S1 ung Jnejaqumyy +Iap[o,] uny ouig ydomg 1ad£] 389, [PAYT MOT  lemepN S[IFOI]
fid°daamg :awmep a[ig 1aloig

jo[d Anpqisspusuea ], ‘daomg s sIXE A ‘Sununop 208§ [EIM0ZLIGH



010T ‘o€ dunp
LEIPI-601I 10afo1g 1SASVIVA

I1£30 €1 98ng
010Z ‘91 sun[ “Aupsaupsp ‘INd 8S:€1:£0 Je pajeaId Hoday
UNAR0 | ey doamg 00:00:00 :Sunmnemsy ou H :Aosusnbarg
SUIPLIEEO] :odA] daamg 4000 IBHILL [AR] :3&“ Jea]
{zHy) Aouenbaij
ooor 0oL oot
, : 00LC'0
................... L ooor0
QRIS | L e
— 00001
ufi 0z} = ead
Ry
ub £00'0 = Yead
(Diepey
e VRORE | T e e e
............................. 00000,
ub
9€-L0-ST 010Z ‘91 UN[ YNEJaqHmyy Iapjog uny aulg jdamg :adAy 159, [SAST MOT] Wy S|Hoid
[xd-dasmg aumN 8jl.] 10801 ]

1054 Apqissuosued I, ‘doosg amig sixe 7 ‘Sununopy adey [vanoziioy



010Z ‘0g sung
L8160 190loid LSASVIVA

Ec:::..cu:cmkww
1€ 30 ¢] abng

010Z "S1 suny ‘Aepson], ‘Wd 10:8F0 18 paseard poday

0 :saspng Suputeway LOSBLE'D SINY puBwaQ €9LSL6']  :yBag puBWIaC) “IP
1 sas[ng pasde[d [oas7] [[ng 98688€°0 S [onuo) £PCLR0T  yEed jonuc) Y9UIL], QIR
1 :saspng pasdejg ¥RE91 8Zig yoolg HELE |
{(zHY Aouanbaig R PITI
00° 0¥ 00°0b 00't
. W : 00002
0000701
|
(sysxeW jexy |
(H)susxe epey | =t
Wi 534 SuY
Sy |
 (Nsusxen ejge
M : 0000°05
w ud
0101 0107 .m ] unf uﬁﬁﬁ%vﬁmﬂﬁﬂm/. Euﬁmcnm Uy huoummm OE—.H. uﬁummﬁﬂu.ﬁ “um.%rm. umv..ﬁ qumz o—mo.ﬁm
[d 1epozizoy :suBp] a1 wolorg

01 smnn2adg asuodsay ‘)saf, INESIAE SIXE X ‘BUDUNO 998,] [EIRIDA



T LLvaT ] TP
010 “0F aung e iéﬁv
E:-%Eua‘ﬁe.;m»mﬁ«d A

1£30 6] 28y

0107 ‘S sunf “Aepsan] ‘Wd 00:8%:+0 18 paiealo poday

0 'sesing Bujutewsy LOSSLE'D  :SINY puswaq £9LSL6'T  YBad puBwa( w %5&%@ ,mmg 0, Lp
I :sas[ng pasde|s 9427 [ng 98688€°0 SR [onue) EPCLRO'T e  [oRuo) , %%8%@8% CLUARCLLAE |
I :sssing pasdejg ¥8€91 1azig Yood eady
{spuodag) eull} .
000F 00'9¢ 00'2e 0082 00'¥2 0002 009l 00gh 00'g 0
S _ W 0000'Z-
- 00009
- m F ; w i SDO-T .
_ -.ih.... ] -} 5 “. Ao Aa £ B1: 14, el | 1111 WA
1 ! { B N g
ub £68°'0 = yead : - 0000'L
ey | o
ub 9¥¥'9 =>fead - ! : - - 0000'}
‘(eipey
{8 e - e R ~ I - 0000°2
ub g11°¢ = yead
H{Dege | : ; -
(elqey, i § m d _~ 0000
Qvtﬂﬂmngo_ o e M ................... S— % § 0 e . ST S OOOOW
ﬁuvtODMIPummg T . e . ; . PO J SUVRUURNSUI FEURTPN w) o . . - . H e " ODUD.m
W. jm&am% ........................ + 00009
w ...... — - - - ODOO.&.
| ub
i
cO-+F-91 010F ﬁm { unf jnejaquivyy’ Japiog uy boummm QUWILT, jualIsuel] “unrm.m. Bal SSUIBN I[odd
{3d: jeynozZIIOY tatusN af1q j03f01g

30{d SOJI0)S[F] AUILY, )52}, JNWSEAE S1XE X ‘BUPUAROLA 028 [RINIIA



0107 ‘0g sunt
LRIPI-G0TN H10alord LSASVLIVA
1£30 9] 28ag

&
\ B b B
£,

0107 ‘91 aunf *Aepsaupsm ‘Wd 92:01:Z0 18 Pajeald woday 010¢ ‘91 sunf ‘Kepsaupam ‘Wd ST:PTTO smw ww%awmw
BN rm..w H
0 ‘sosnd Fuulewsy I80IST'0 S puswag LT9BRL'O  H{Bod puBIAC) - SpU0aag 1997000, 1P
1 :sas[ng pasdelq [9A97 [i] 0861510 :SIARI [onuo) L098F8'0  DjEed jonuo) SPEpoag [59069°Cy .~ e L, swieig
1 :sasng pesdelg ¥8€91 :ez1g Yooig %001 HEIE |
{(zH} Aousnbaiy .
000 000} 00}
000t°0
0000°L
W
()sHsxen ey
Weysxewyewpew, .\ S T
e e /, ‘_
. . 0000704
S \Y,
()susxen eigel
000002
ub
£1-60-F1 0107 ‘91 unf INEjaqua Japiod uny AJOISIE SWH [, JISISuer] :2dLy 189 :auieN] s[FoId
[xd-peoniap swmp] o1 10aforg

1014 smnagRadg asuodsay 950, INESIAg sIXE X ‘Bupunopy 93w [BapI0A



01T ‘0 sung
LBIFI-501IN noafoid LSASYIVA
1£30 L] 98y

b
£

0102 ‘91 aun *Aepssupam, ‘Wd LT01:Z0 I8 Pajeatd poday 010T ‘91 duny *Aepssupap, ‘Wd ST mmumo.um ma

0 'saspig Juiusuiey 1801610 :SINY pusug LT9B8L'0  ead puswua(] . Lip
1 ‘ses[ng pasde|d 9497 Ing 0861S1'0  :SINY jonuo) LO98FR'0  yead [enuo) ”_w.uEm. ouerg
[ :ses|ng pesdejy #8£91 8zIg yoolg JealT
) {spuodeg)awiy
oo°ov 00'9e ooee oo'ge 00°'v2 00'gz 009l oozE oog ooy 0
- . ; 0000°¢-
.......... - oomN-Fl
._ _ 00051~
....................... . e . [ OomN- —..i
{ - E1 | v | _ _ N 00004
. I M . ol b - o0sL0-
b ZZp0=eed [T Fln: s _ fogeo-
Qlepey | - 0
ub ggg' =yead 1 : | i B 008Z°0
(epey | _ :
B — -IHARE T — 18— i - 000670
ub 08’0 = ¥esd | . B Jid il 3. "
it o 005470
{(Naiqe . m i _ __ ' _
I - P _ _ | 0000}
HHOOE-MO) m
{1woge-moj 1 M 0051
{Nuoge-ybiy R e e R ok 000g'k
(eiyord _ 00SL '}
0oooe
ub
c1-60-¥1 0102 owm unf ynejaJuingy’ Japo uny bgmmz QWL Juasuel], “mn_.h..ﬁ 153], WSWIBN] 9[iJ0dd
[d-jeopsp :amep] 21 10aforg

1014 SalE0)SIY JuMLy, )53, JMUSIAE SIXE A ‘SUpUEROIA 20E] [8NLIOA



0107 ‘0f aung
LBTF1-601IN s0alorg LSASVIVE
€30 g1 38ag

010€ ‘ST sunf “Aepssn], ‘Wd +1:tS:70 18 Pa18a1s poday

0 :sas[ng Supneoy LOSBLED  SWWY puewa( £9/506'1  Mead pusisag %aoo«m L99200:0°,
[ :sespud pasde[q [2aa] [jng 8006860 SN [onuo) SSIVIZZ  :Eed [onuc) %ﬁﬁum Sd,q% £
I :sssing pasde|y PREOY 19ZIS Yooid S 00T
(zH) Aouenbaiq .
00°0F 00°0L 0oL
— . 00002
(susxen eixy
(suSxe [eipey
Wi 5307 So . . e
Sy
()susxew agel
m 0000°0L
ub
15-05-F1 Q10T *§1 unf yneja(quayy :1apjo uny A10)s15f SUIL L, JuaISURL] ad4f 359, :ameN a[yoid
Od: 1jminozIO :atuep 91 1alorg

1014 sweayaadg asuodsay 4sa ], OIUSIIS SIXE 7 “SUDUNOIAI 238, [RINLIDA



QE0T “OF suny
LBIFPI-GOTIN 19afony ISASVIVA

o FEL
1£30 61 a8ud o
010Z ‘1 aunf “ABpsany, ‘Wd 91:45:70 12 P8I0 podayy 0102 ‘S1 auny ‘Aepsan], ‘W L
0 :saspng upurewsyy LOSSLEQ S puswa( £9/SL6'1  Sfead pupwiag m ,.m%q,&m 99 _oﬁw____ Lp
I :s38[ny pasdely (27 [Ind 800680  SINY [onuo) SSIVITT  eed [onuo) &mﬁwmm&% 69°EY O] awmel]
1 :sespug pasde|g ¥8E91 ezIg yoo[g co e 000 JoaaTy
(spuoaagy sl L A
00'0% 00'ge 00'ze 00'82 002 0002 0091 0ozl 008 00y ]
: - : 00004~ |
......... [ Docm.m-.
0000°¢-
- 00087 |
6ooo2-
f | | : 0005 L~
ub 086°'Z = Yead mm _“ i - _ S LRI N ! y Sl _ __ _ . Ccoog'0-
Mewy | 0
ub Goy'L = esd | H * Bt Ei : piig Lo et il ] 00050
(Meipey ﬁ _ 0000°E
L L L LA IR LA I
ub1ee°Z = Jead al L * | | 000S°L
(MegeL
00002
(nuoge-moj .
00052
(ihioqe-uby N 0000°E
(Neigoud 0005°€
m 0000°¥
u
16-0S-p1 0107 ‘S| ung jnefacqunyy Japlo uny AIOISI StuL], JHLISURL ], todA] 382, auIEN a[Ijoid

[3d’ | muozLIOy

aweN a1 1aforg

30} SAA0ISTH SHLY, 153 ), ISR SIXE 7 ‘SUNUNOIA] 206, [BINJIA



0107 0 aung
LBIVE-G0IIN S0aford ISASV.IV(
1€ 0 0z #8rg

010Z ‘1 2ung “A¥pson] ‘Wd 1T:190 ¥ pajear podoy 010T ‘1 @un( ‘Aepson, ‘Wd 81:4] .& L

0 isaspng Surursway LOSBLE'D SN puswaQ £9L646'T  Ead puemag] o Jp
[ :sas[ng pasde[d {9497 [0 69.88€°0 SR lonuo) TTELPI'T  Eed jonuo) S louni], swiely
1 :sesing pasde[y $8E9] 19ZIS o0lg > el
(21} Azuanbalg . - :
00°0% 00°0L o0l
. 00002
000001
(Nsusxe |eixy
(SUSXEW [elpey
Hwi saddn SuY
SHY
(Hsusxen sjgey
0000705
uf
Tr-19-81 010T *S1 Unf Jmepsqumyy’ :1ap[o4 umy Atojsiyj sty juasuery, edAy, 1891, IBWRN SfyOI]
fd: jpuozLioy e a1, joafoag

014 smndadg asuodsay 9say, FMWSIAE sIXe X ‘SupuEnopy 038 [WIUCZLION



010Z ‘0 sunf
LBIPI-601IN 1aaford ISASVIVA
€30 1Z a8ud

010 ‘St suny “Aepsan[, ‘Wd 0T:F:90 I8 Pajeaio poday 010z ‘51 sunf “Avpsan], ‘Wd g1
0 :s3s[ng Furureway LOSBLEQD S Pustiagg t9LELe’]  SyeEed pustiag ' Spu0asy hwcmcg. = Lp
1 ‘saspng pasdals [2437 [N 69L8BE’0 S [onuo) CLELPI'E  -Ead [onue) 8 uﬁn@.ﬁem&mﬂ.mﬁ. ¥ sl ], awel]
1 :sasjng pasderg ¥8E91  :oZIS Yooig “, w00l oAd]
{spucosg) swi] . T . .
0oov 00'ge 00'ze oo'ge 00've 0G'0e 009l 0ozl 008 ooy 0
= - 00009
_ - 0000°G-
_ + 0000 |
______ | . | - 0000°€-
“ ........ PRV OODO.NI
:m Nowvao - xmmnm | . S ‘ - . - - I S — - ODOD. w.!
ey | : 0
ub \._.c.w = Yead L. M : i - Ap-d-—— 0000 L
(Nepey :
: L S T 00002
ub $64°Z = ¥ead , _ ' _ :
Mager _ [ _w ~ & 1 _ " | T Qcoo’e
(Duoge-mo; ” [ : — ” i 0000 ¥
Ghioge-ybiy Il P 0000°s
Waoid | : 0000'9
: 0000°2
15]
Z-1¢-81 O10C nw_ﬂ ung jnepRqunyy; 1apjog umy boummm QU Y juaisuel], uuﬁm.hh. BaL SUWBN 2[g0Id
[1d [reuozuoly e a1 el

01 SALIO)SIH QWAL 953}, SIMSIIS SIXE Y “GUnUBOTA] 238,] [EIEOZLIOL



(10T ‘0g duny
LEIF1-60 W 139lo1d 1SASYIVA
I£30 7z afng

010Z ‘St auny *Aepsany, “Wd 9%°07:L0 12 pa1ald uodsy Q10T ‘s1 sunf ‘Aepsan] “Wd ZH:0T:
0 :sas[ng Fupureway LOSSLE'D SINY puswdg €916L6'1  fead puBwag
I :saspng pasde[d [2497 JIng 81668€°0 S jenuc) LLRTST'T  jesd [onuo)
[ :sas[ng pasde[g ¥8£91 OIS Y20IH
{Z}4) Aouanbaig .
00°0¥ 00704 oo'E
- - - . . : 00002
Q00004
- (JsuSXeW [exy
SUSXe [BIPBY |- e e N Ll L e
- i Jeddn sy
oYy
{()susxen aiqe) |
Q00005
ub
¢1-81-61 010C ¢ QI ung :_.E.qu:ﬁNm/. Japjog unyf boummm UL, Jualsuel] “mm.%..m. sl SWEN I[HoI]
[1d pemozioy :suep aj1q 1alorg

3014 swnazodg asuodsoy “sa], onusRg sixe X ‘Sugunopy ade,] [EIM0ZLIO]



010T ‘0g oung
LRIFI-60TIN naaford ISASVIVA
1£30 €7 a8ng

010z ‘¢Y aunf ‘Aepsany ‘Wd SH-07:L0 I8 pateaid uodsy

!;W %,Wj.mm.‘ E;
0 'sas{ng Jutuemsy LOSBLE'D ‘S puewng €9LSL6']  Dfesd puewiaq ¥ spuoah§ 1997000 WP
1 :sas|ng pasde[g [0 [N 816680 :SIWY lonuc) LLBTSTT  jesd [onuo) munouumwmmnmﬁ@%mﬁﬁ. o/ “OUHLL SWElg
[ :sas[nd pasderg ¥8E91 1BZIG Yoold é&@ - 96001 7 Jeas]
{spucoag) ausy P Ve ..
000y 00'9g ooze a0'8e 00¥2 000z aogl ooel co'g oot 0
: : 0000 £~
m
; - - _ ﬁ _ i 0000~
| _ _ ,, | i 10 0000°E-
. — _ _ . _ _ 4. - . R OOOONu
ub oy 0 = NEed LB i IT T TR
Ohesey | 0
ufi gg0'e = yead : i ) L : - ———- oooo't
:(Mepey “ i
: R _ a__ e 3 iin —ld i 1] i 0000'¢
ub10zZ = ¥ead : _
(Deiqe, - — 1 L ﬂ_ | mm — _ =_.; * oooo'e
laﬂg R = D S e e e - 0000'Y
(Muoqe-ybiy - _ - 0000°S
?it% e IR e e e e . . . R, [T S - Q0000
00002
ub
£1-81-61 010T ‘S ung Jmefa@uinyy tIBp]O,] Uy AIDISTH oW ] JUSISURLY, :adA ] 189 :auieN a[goIg
(xd [ jmsozioyg :oweN a1L] Joalong

301 SALI0)ISIE] ouIl, %359, JESIAG SIXe A ‘BUupunopy 20vj [BIUGZLIOH



010Z ‘0¢ aunp
LEIPE-60TW 0alad ISASVIVA
1€ 30 T 98

010 ‘91 suny ‘Aepsoupapy ‘Wd [S:EE €0 I8 paseald podoy 010z ‘91 suns ‘Aepsaupam ‘Wd 0S: 3 { ;
e AT v S £
G s O
0 :saspng Surureway [30ISI0  -SWY puewiz( LT98RL0  eed puBwi(g : mwaouum‘wwmmwﬁw PR J1p
I :sas[ng pasde|q [2aa] [ng EBOIST'0 S IeBT0D 182£08°'0  DpEad [0Que) SpUgsag 99069 €Y -DHIL], SWIRL]
1 :sesing pasdeyg ¥8EQL 21 Moold “o Y001 Hqaaa]
(zH} Aousnbald .
o0o¥ 000l 0o’L
000¥ 0
//\\/ \ 0000°}
(NeusxeW |y -
(}susxen tepey
W Jaddn syy
Sy
(susxen sigel
0000
ub
9¢-1E-G1 OLOF ‘9 Uaf Jnejecqunyy’ :1apjo4 any A10381H SHULY JUDISUBLL :adfy, 189 BUIRN 2]IJ0id
fd-eoniop SN i 1sloig

3014 suenaadg asuodsay 3521 WSS SIXE 7 ‘Bununopy] a0eg (RIUCZLIOY]



. c..ui.u::g_ww
010z ‘D aunf B Efsv
LB1PI-60TI 10of] [SASYLVA - : wa paisy
1£30 57982

010Z ‘91 suny *Aepsaupap ‘Wd £5:€E1€0 I8 pajeatn poday 010T ‘91 2unf ‘Aupsaupam ‘Wd 05 mm,mo e %»%m&m
iy %E L
i
0 ‘sasjng Sururewsy I801S1°0 SN pueua( LTI8BL'D  vad puews( m%_asm L99T000- . J3p
I :sas[ng pasdeq [2427 [ing €891S1°0  SWY [onuoD ISZEOR'0  iead jonuo) SPUGS. L990GY €Y AW Swely
1 :sasing pesdelg PBESE a1 oolg e % 001. ‘[2Aa]
(spucoag) ety . .
00°0F 00'9¢ 00'Zg 00'82 00'v2 000z 00'9L 002k 00’8 00¥ 0 .
0000°2-
................... . .. - e . - Dcm&.. v...
000534~ |
- 00SZ'1-
0000}~
{ 005.°0-
- - - - + 0008°0-
«BZIFO= T i A LT T v 0082 0-
ey A—
—— | - 0
ub $50°0 = ¥eed | : i ‘ L1 : : _ I i 00520
(iepey _ :
. 4% { 1 —* — H 1 " 00050
ub £08°0 = %ead | : .
{)eigeL _ - 00820
: : : 0000°}
(1\hioqe-moj |
005Z°)
oge-ubpy | L. . L 000S'L
{(Yaoid j : 00SZ'L
00002
uf
9c-16-G1 0107 dﬂ uny u—_.—m.wuﬁzﬂvm/. Japjo umy boﬁwmm oEm.H. ..Eummmﬁr—.. _ua.%.m. 18a], SN 0—@0.«&
(d-jeoninp N ol walorg

0] J SOLIOISTE ALY, *)Sa], JNSIOS S1X8 7 ‘BunjenofA] 298 [EIUCZLION



3.0 EQUIPMENT LIST

DATASYST

Engincering & Testing Servicss: inc.

514 WIS Haghway 16 - Qelafiedd, Wi S3U3E - 262 9584003 - Fae 262 653030 - E0O 969-165C

Test Equipment List
Project Number: Mi08-14187
Customer: Mstal & Cable Comp., Inc.
Test Dates: 6/15/2010 - 6116/2010

Test Description: AC156 Testing
Sample Description: Magnemount MB
Sample Number / Serial Number: -

Calibration
Eguipment Manufacturer Model Number | Serial Number Last Due
|Actuator MTS 204,61 155 - -
Hydraulic controller MTS 407 3 - -
Saivo valve Moog G761-3264 9222 - -
Servo valve Moog G761-3264 9227 - -
Vibration Controller § Dactron Laser 5083465 10/1/2009 10/1/2010
Signal Conditioner PCB 482422 1565 1/23/2009 1/23/2011
Conlrol Accelerometer PCB 393A03 23408 118/2010 21512011
Response Accelerometer PCB 393A03 8652 6/24/2008 8/26/2010
Response Accelerometer PCB 363A03 8653 712142008 812612010
Scale Triner 5401583 13188 - -

Cedlificates and reporis of all callbrations are retained in the DA

TASYST Engineering & Tesling Services, Inc. files and are ava

upon reguest,

able for inspection

RIS
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PHOTOGRAPHS

Twenty-Four Magnets on Magnemount Mounting Surface

Axis Definition B
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Vertical Mounting Face — X Axis Test

Vertical Mounting Face — Y Axis Test
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Vertical Mounting Face — Z Axis Test

Horizontal Mounting Face - X Axis Test
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Horizontal Mounting Face — Z Axis Test
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Response Accelerometers
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