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Abstract Summary:  

Analysis of an existing beam has been evaluated for use as a tie off point for fall protection.
Discussion:

A structural steel frame fabricated from A36 steel members was designed and built in 1994 for supporting spectrometer anti detectors and drift chambers for KTeV.  This A-frame is being re-used for supporting detectors for the SeaQuest experiment.
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The light red beam shown above the magnet coils is a W6 x 15.  Experiment people desire to access electronics located at the top of the aluminum frames just to the right and below the W6 by standing on the magnet and the other structural steel.  Since this was not built as a walking-working surface, a 5000 pound capacity tie off point was identified as necessary by Eric McHugh of PPD safety according to a telephone conversation with Dave Christian.  Check beam capacity for a 5000 pound load:
Beam span is 189 inches, assume the tie off point is at the center of the span and acts downward.  Beam is simply supported at the two ends.
Bending Moment, M = P*l/4 = 5000 pounds*189 inches / 4 = 236,250 in-lbs.  M = 19,687 ft-lbs.

l = 189 inches

I = 29.1 in4; 

y = 3.0 inches

rT = 1.61

d/Af = 3.85

Bending stress, σ = My/I = 236,250*3/29.1 = 24,355 psi

A W6 x 15 with an unbraced length of 189 inches (15’-9”) exceeds both Lu and Lc as listed in the Allowable Stress Design Selection Table

l/ rT = 189/1.61 = 117.39

M1 = M2 = 24,355 psi

M1/M2 = 1

0.3 (M1/M2)2 = 0.3

Cb = 1.75 +1.05* (M1/M2) + 0.3 (M1/M2)2 = 1.75+1.05+0.3 = 3.1 but may not exceed 2.3, therefore Cb = 2.3

From equation F1-8 in AISC, for any value of l/ rT;

Fb = 12*103 * Cb / l * d/Af  = 12,000*2.3/189*3.85= 37.93 ksi but must also be less than 0.6 Fy , so 0.6 Fy dominates:
AISC allowable bending stress is 0.6 Fy = 0.6 * 36,000 psi = 21,600 psi.
So the stress exceeds the allowable per AISC but is less than the stress that would result in a permanent yielding of the steel.  

Note that this engineering note does not address any of the sizing or distance measurements needed to properly use fall restraint equipment.   Generally, fall restraints tie off locations are ideally located above the elevation of the worker and this beam does not provide this geometry.   Also, the photograph shows very tight spaces into which a worker could fall.  The adjacent steel presents significant injury potential.
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