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Attachment No. 1

PERFORMANCE ANALYSIS OF MINNESOTA’S DEPARTMENT OF
TRANSPORTATION 48" x 48"  RIGID PANEL SYSTEMS

Bogie Test MNSB-12 (Head-on device)

1. System:
• Vertical Upright Masts – 44.5 mm (1.75 in.) sq. galvanized telespar ASTM A-653

Grade 50 steel tubing with 2.67 mm (0.105 in.) wall thickness and a length of 1,524
mm (60 in.).

• Outside Vertical Upright Tubing – 50.8 mm (2 in.) sq. galvanized telespar ASTM A-
653 Grade 50 steel tubing with 2.74 mm (0.108 in.) wall thickness and a length of
911 mm (35.875 in.).

• Legs, Horizontal Portion – 38.1 mm (1.5 in.) sq. galvanized telespar ASTM A-653
Grade 50 steel tubing with 2.74 mm (0.108 in.) thickness and a length of 1,524 mm
(60 in.).

• Legs, Vertical Stub – 38.1 mm (1.5 in.) sq. galvanized telespar ASTM A-653 Grade
50 steel tubing with 2.74 mm (0.108 in.) wall thickness and a length of 305 mm (12
in.).

• Vertical stub of the leg is welded to the horizontal portion of the leg on all four sides.
• Outside vertical upright tubings slide over the vertical upright masts.
• Vertical portion of legs slide into vertical upright masts – 7.9 mm (0.3125 in.)

diameter x 63.5 mm (2.5 in.) long hex head S30400 threaded bolts were used to
fasten masts and legs.

Sign: Rigid
• Panel – Rigid aluminum, 1,219 mm (48 in.) wide x 1,219 mm (48 in.) long with 2.74

mm (0.108 in.) thickness.
• Panel fastened to vertical mast supports with four 7.9 mm (0.3125 in.) diameter x

63.5 mm (2.5 in.) long hex head S30400 threaded bolts.  A 23.81 mm (0.9375 in.)
OID x 1.59 mm (0.0625 in.) thick rubber washer was placed between the head of the
bolt and the sign panel.

• Warning Light – “Toughlite 2000" attached to the sign panel.

Height to Bottom of Sign: 335 mm (13.1875 in.)
Height to Top of Outer Tube: 959 mm (37.74 in.)
Height to the Warning Light Bolt: 1,481 mm (58.3125 in.)
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2. Weights of Sign Systems
Legs: 9.072 kg (10 lbs)
Panel, Masts, Outside Tubes, and Lights: 36.741 kg (81 lbs)
Ballast (sandbags): 20.4 kg (45 lbs) – 1 sandbag at end of

each leg

3. Bogie Vehicle Weight: 974 kg (2,148 lbs)

4. Impact speed: 97.5 km/hr (60.6 mph)
Impact orientation: 0 degrees

5. Velocity Change: . 10 km/hr

6. System performance – Minor mast and leg deformations were observed.  The sign panel,
masts, outer tubes, and legs remained intact.  One of the lower panel bolts pulled through the
panel. The top of the sign panel and masts rotated toward the vehicle, but no contact nor
damage to the windshield area was observed.  Throughout the entire test, the system
remained in front of the vehicle and never became a potential hazard to the bogie nor the
occupant compartment. 

Bogie Test MNSB-13 (End-on device)

1. System:
• Vertical Upright Masts – 44.5 mm (1.75 in.) sq. galvanized telespar ASTM A-653

Grade 50 steel tubing with 2.67 mm (0.105 in.) wall thickness and a length of 1,524
mm (60 in.).

• Outside Vertical Upright Tubing – 50.8 mm (2 in.) sq. galvanized telespar ASTM A-
653 Grade 50 steel tubing with 2.74 mm (0.108 in.) wall thickness and a length of
911 mm (35.875 in.).

• Legs, Horizontal Portion – 38.1 mm (1.5 in.) sq. galvanized telespar ASTM A-653
Grade 50 steel tubing with 2.74 mm (0.108 in.) thickness and a length of 1,524 mm
(60 in.).

• Legs, Vertical Stub – 38.1 mm (1.5 in.) sq. galvanized telespar ASTM A-653 Grade
50 steel tubing with 2.74 mm (0.108 in.) wall thickness and a length of 305 mm (12
in.).

• Vertical stub of the leg is welded to the horizontal portion of the leg on all four sides.
• Outside vertical upright tubings slide over the vertical upright masts.
• Vertical portion of legs slide into vertical upright masts – 7.9 mm (0.3125 in.)

diameter x 63.5 mm (2.5 in.) long hex head S30400 threaded bolts were used to
fasten masts and legs.
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Sign: Rigid
• Panel – Rigid aluminum, 1,219 mm (48 in.) wide x 1,219 mm (48 in.) long with 2.74

mm (0.108 in.) thickness.
• Panel fastened to vertical mast supports with four 7.9 mm (0.3125 in.) diameter x

63.5 mm (2.5 in.) long hex head S30400 threaded bolts.  A 23.81 mm (0.9375 in.)
OID x 1.59 mm (0.0625 in.) thick rubber washer was placed between the head of the
bolt and the sign panel.

• Warning Light – “Toughlite 2000" attached to the sign panel.

Height to Bottom of Sign: 333 mm (13.125 in.)
Height to Top of Outer Tube: 959 mm (37.75 in.)
Height to the Warning Light Bolt: 1,480 mm (58.25 in.)

2. Weights of Sign Systems
Legs:                         9.072 kg (10 lbs)
Panel, Mast, Outside Tubes and Bars: 36.741 kg (81 lbs)
Ballast (sandbags): 20.4 kg (45 lbs) – 1 sandbag at end of

each leg

3. Bogie Vehicle Weight: 974 kg (2,148 lbs)

4. Impact speed: 98.8 km/hr (61.4 mph)
Impact orientation: 90 degrees

5. Velocity Change: . 10 km/hr

6. System performance – Minor mast and panel deformations were observed.  The legs were
deformed and fractured.  The mast furthest from the vehicle disengaged completely but the
leg remained attached.  All the panel bolts pulled through the sign panel except for the top
one closest to the vehicle.  No contact nor damage to the windshield area was observed.  The
system rotated around toward the passenger side of the vehicle, but never became a potential
hazard to the occupant compartment.
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48" x 48" Rigid Panel System, Bogie Tests MNSB-12 and MNSB-13
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48" x 48" Rigid Panel System, Bogie Tests MNSB-12 and MNSB-13
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System Damage, Bogie Test MNSB-12 (0 degrees)
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System Damage, Bogie Test MNSB-13 (90 degrees)
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48" x 48" Rigid Panel System Design Details, Bogie Test MNSB-12
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48" x 48" Rigid Panel System Design Details, Bogie Test MNSB-13
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48" x 48" Rigid Panel System Leg Fabrication Details, Bogie Tests MNSB-12 and MNSB 13
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0 degree orientation – Bogie Test MNSB-12
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