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Client: Static Controls Corporation

Project: Andon Board Design Review

Joint Bolt Minimum Applied Force

Mark Size Tension Shear Pullout Slide Lowest Tested @ Connection Calculated Min. Test

A 1/4 2850 1425 475 765 475 400 40 11.9 10.0

B 1/4 2850 1425 475 765 475 300 35 13.6 8.6

C 1/4 2850 1425 475 765 475 300 35 13.6 8.6

D 1/4 2850 1425 475 765 475 400 40 11.9 10.0

E 1/4 2850 1425 475 765 475 1100 40 11.9 27.5

F 1/4 2850 1425 475 765 475 300 35 13.6 8.6

G 1/4 2850 1425 475 765 475 300 35 13.6 8.6

H 1/4 2850 1425 475 765 475 1100 40 11.9 27.5

J 3/8 6975 3600 1150 730 730 1100 116 6.3 9.5

K 3/8 6975 3600 1150 730 730 1100 86 8.5 12.8

L (2) - 3/8 13950 7200 2300 1460 1460 600 185 7.9 3.2

.

Calculated Strength
Minimum  Safety 

Factors

Table 1: Andon Board - Connection Bolt Strengths

NOTES: 
 
1. For a frame diagram showing joint marks, loads and connection forces, see Appendix A, page A-1. 
2. See Table 2 for connection force calculations and allowable force on angles. 
3. The minimum safety factor against failure for the bolts, connection angles and aluminum frame is 3.2 
for the case of having all the load on the two center mounted safety lugs.  Under normal operating 
condtions, the mininum safety factor is 6.3. 
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Joint Bolt Connection
Calculated 

Allowable Force

Minimum 

Calculated

Mark Size Angle Components Total Applied to Angle Safety Factor

A 1/4 L1.5x1.5x0.18 140/4+5= 40 890 22.3

B 1/4 L1.5x1.5x0.18 140/4= 35 890 25.4

C 1/4 L1.5x1.5x0.18 140/4= 35 890 25.4

D 1/4 L1.5x1.5x0.18 140/4+5= 40 890 22.3

E 1/4 L1.5x1.5x0.18 140/4+5= 40 890 22.3

F 1/4 L1.5x1.5x0.18 140/4= 35 890 25.4

G 1/4 L1.5x1.5x0.18 140/4= 35 890 25.4

H 1/4 L1.5x1.5x0.18 140/4+5= 40 890 22.3

J 3/8 L2x2x0.187 40+40+6+30= 116 1130 9.7

K 3/8 L2x2x0.187 40+40+6= 86 1130 13.1

L (2) - 3/8 (2) L3x1.625x0.132 1/2 of Total Wgt 185 1400 7.6

Maximum Design Force

Table 2:  Andon Board - Connection Design Forces/ Angle Strengths

NOTES: 
 
1. For a frame diagram showing joint marks, loads and connection forces, see Appendix A, page A-1. 
2. See Table 1 for connection bolt allowable loads. 
3. The minimum safety factor against failure for the bolts, connection angles and aluminum frame is 3.2 
for the case of having all the load on the two center mounted safety lugs.  Under normal operating 
condtions, the mininum safety factor is 6.3. 
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JOB NO:   16-042
CLIENT:  SCC

DESC: ANDON BOARD

DATE:  02/29/16
REV:  ________

ENGR:        ROG

Single-Angle Member Design
(Load and Resistance Factor Design Specification for Single-Angle Members

Beam Properties: Units: ksi 1000
lbf

in2
⋅:= kip 1000 lbf⋅:=

L2x2x3/1/16 b 2 in⋅:= t 0.1875 in⋅:= Material Properites: E 29000 ksi⋅:= Fy 36 ksi⋅:=

Ag 0.72 in2
⋅:= Sc 0.188 in3

⋅:= r 0.389:= Strength Reduction Factors: ϕb 0.90:= ϕc 0.90:=

Span Information:

Unbraced Length: lu 24 in⋅:= K 2:= P 0.0 kip⋅:= Pr 1.6 P⋅ 0 kip⋅=:=

Mmax = absolute value of maximum moment in the unbraced beam segment
MA     = absolute value of moment at quater point of the unbraced segment
MB     = absolute value of moment at the centerline of the unbraced segment
MC     = absloute value of the moment at the three-quarter point of the unbraced segment

Mmax 1.2 0.2⋅ kip⋅ ft⋅:= MA 1.2 0.1⋅ kip⋅ ft⋅:= MB 1.2 0.2⋅ kip⋅ ft⋅:= MC 1.2 0.20⋅ kip⋅ ft⋅:=

COMPRESSION:

Reduction factor for local buckling (Q):
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Critical compression stress, Fcr:
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:=

Fcr 16.151 ksi⋅=

ϕPn ϕc Fcr⋅ Ag⋅:= ϕPn 10.466 kip⋅=
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FLEXURE:

Limit state of yielding when the tip of an angle leg is in compression:
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1.34 Q⋅ Fy⋅ Sc⋅( ) otherwise

:=

ϕMn1 ϕb Mn1⋅ 0.761 kip ft⋅⋅=:=Mn1 0.846 kip ft⋅⋅=

Limit state of yielding when the tip of an angle leg is in tension:

My 0.8 Sc⋅ Fy⋅ 0.451 kip ft⋅⋅=:= Mn 1.5 My⋅ 0.677 kip ft⋅⋅=:=

CB
12.5 Mmax⋅

2.5 Mmax⋅ 3 MA⋅+ 4 MB⋅+ 3 MC⋅+
:=

Cb CB CB 1.5<if

1.5

:= Cb 1.5=

With maximum compression at the angle-leg tips:

Mob
0.66 E⋅ b4

⋅ t⋅ Cb⋅

lu
2

1 0.78
lu t⋅

b2

⎛⎜
⎜⎝

⎞⎟
⎟⎠

2

⋅+ 1−

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦
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For the limit state of lateral-torsional
buckling:
Mn2 0.92 0.17
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My⋅ otherwise

:= Mn2 Mn2 Mn2 1.5 My⋅≤if

1.5 My⋅( ) otherwise

:=

Mn2 0.677 kip ft⋅⋅=
ϕMn2 ϕb Mn2⋅ 0.609 kip ft⋅⋅=:=
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With maximum tension at the angle-leg tips:

Mob
0.66 E⋅ b4

⋅ t⋅ Cb⋅

lu
2
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For limit state of lateral-torsional buckling:
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My⋅ otherwise

:=
Mn3 Mn3 Mn3 1.5 My⋅≤if

1.5 My⋅( ) otherwise

:=

Mn3 0.677 kip ft⋅⋅=

ϕMn3 ϕb Mn3⋅ 0.609 kip ft⋅⋅=:=

ϕMn min ϕMn1 ϕMn2, ϕMn3, ( ):=
ϕMn 0.609 kip ft⋅⋅=

INTERACTION (UNITY) EQUATION:

Pc ϕPn:= Mrx 1.6 Mmax⋅:= Mry 0 kip⋅ ft⋅:=

Mcx ϕMn:= Mcy ϕMn:=
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:= U 0.63=

Design_Check "OK" U 1≤if

"No Good" U 1>if

:= Design_Check "OK"=
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Appendix A 
(Frame Loads & Properties) 
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Appendix B 
(Load Tests) 
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Appendix C 
(Load Test Pictures) 
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Photo 1: Test LT-1, Center Safety Lug [600 LBS] 
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Photo  2:  Test LT-2, Side Frame Connection Test [400 LBS] 

 

 

 

 



SCC        Ruby 16-047 

  02/29/16 C-3 
 

 

 

Photo 3:  Test LT-3, Side Angle Test [800 LBS] 
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Photo 4:  Test LT-4, Side Angle Test 2 [600 LBS] 
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Photo 5:  Side Angle Test 2 [600 LBS] 

 



SCC        Ruby 16-047 

  02/29/16 C-6 
 

 

 

Photo 6: Test LT-5, Side Angle Test 3 [1100 LBS] 
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Photo 7: Test LT-5, Side Angle Test 3 [1100 LBS] 
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Photo 8: Test LT-5, Side Angle Test 3 [1100 LBS] 
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Photo 9: Test LT-5, Side Angle Test 3 [1100 LBS] 
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Appendix D 
(Andon Board Drawings) 

 


















