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MicroBooNE will use a pair of laser beams to provide calibration and timing for the
detector system.   It has become necessary to look at an alternate path to get the laser pipe
from where the laser sits to the entry port on the vessel.  The preferred path is through the center
of one of the support beams for the Intermediate Deck.  The desired hole is 4-6 inches in
diameter centered on the beam neutral axis.  See the picture below.

The cross-hatched area is where the hole is proposed.  The I-beam is a W12 by 40 beam.  The plan
view is shown on the next page.  The green tube is the laser pipe and the orange frame is the
support frame for the relief valve shown inside the trapezoid.  There are two loads superimposed on
this beam.  The first is a maximum load of 200 psf on the deck from the building drawings.  The
load is modelled by using Case 1 page 2-296 of the  AISC Manual of Steel Construction.  The
second load is modelled as a uniform load partially distributed (Case 4,page 2-297) for the relief
valve support.   In a session to try and fit up the laser system a pair of taped markers were added to
the I-beam to indicate where the holeneeds to be.  The dimension varied from 77" to 87" from the top
of the beam as shown in this picture.  Both numbers will be used to bracket the stresses in the
beam for a hole inside that space.



BEAM LOADS

First calculate the loads on the beam for each loading case.  Assume that the beam has to
support 1/2 of the load on the deck on each side of the beam.  The maximum deck loading in the
building construction drawing S-1 is given as 200 psf.  Assume the deck itself weighs another  5
psf.  Additionally, the beam itself weighs 3.33 lb/inch. 

beamspace 5.083 ft 4.083 ft 9.166 ft Deck disance on both sides of beam
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The load for case 2 is one half of a 3000 lb load distributed along a 48 inch length in a certain
section of the beam.
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in
 Uniform load from the relief valve support



The procedure used here will be to calculate moments from each case and sum them for
superposition.  This will be done for both x equals 77" and 87" to pick the largest maximum stress
of the beam.

CALCULATE BENDING STRESS FOR X=77" POSITION ON BEAM WITH HOLE

l 218 in Length of beam

x 77 in first possible position of hole

Case 1

Mx1

w1 x

2
l x( ) Moment at any position x for a uniform load

Mx1 4.431 10
5

 lb in

Case 2

a 72 in b 48 in c 98 in

R1

w2 b

2 l
2 c b( )

R1 839.45 lb Reaction load on support

Mx2 R1 x
w2

2
x a( )

2
 Moment at a position for a uniform load partially distributed

Mx2 6.425 10
4

 lb in

MT Mx1 Mx2 5.073 10
5

 lb in Total moment at x equals 77"

Now calculate the Moment of Inertia for the I-beam with a 6" hole located on the neutral axis of
the beam.  From the AISC code for a W12 by 40 beam:
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 Maximum bending stress for beam with a 6" hole



CALCULATE BENDING STRESS FOR X=87" POSITION ON BEAM WITH HOLE

l 218 in Length of beam

x 87 in second possible position of hole

Case 1

Mx1

w1 x

2
l x( ) Moment at any position x for a uniform load

Mx1 4.651 10
5

 lb in

Case 2

a 72 in b 48 in c 98 in

R1

w2 b

2 l
2 c b( )

R1 839.45 lb Reaction load on support

Mx2 R1 x
w2

2
x a( )

2
 Moment at a position for a uniform load partially distributed

Mx2 6.952 10
4

 lb in

MT Mx1 Mx2 5.346 10
5

 lb in Total moment at x equals 87"

Now calculate the Moment of Inertia for the I-beam with a 6" hole located on the neutral
axis of the beam.  From the AISC code for a W12 by 40 beam:
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 Maximum bending stress for beam with a 6" hole

Both cases have stresses less than Fb for A-36 beams of 23.7 Ksi so a hole can be put into
the beam without needing a reinforcement plate at any position between 77 and 87 inches
from the end of the beam.
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