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This note documents a new lifting fixture for handling a University of Colorado wire
chamber.  The standard to be used for the lifting fixture is AMSE BTH-1-2011,  Design of
 Below-the-Hook Lifting Fixtures.  The chamber consists of an outer gas chamber weighing 1800
lb and an inner chamber frame weighing 600 lbs.  This fixture is used only for handling the
chamber and then only during maintenance.  Its Design Category will still be called B and its
service class is zero.  This forces the design factor Nd to be 3.0 even though a case could be
made for a category A useage.   From  Specifications for Aluminum Structures by the Aluminum
Association for 6061-T6 aluminum structural extrusions Fy is given as 35 ksi.  The lifting beam
can be used for several of the maintenance steps but the most rigorous lifting situation is when
the fixture lifts the entire assembly at the widest point on the beam.  Use that case for sizing the
beam.

Use the case number 1 on page 63 of  Engineering Data for Aluminum Structures by the
Alumninum Association which is a simply supported beam with a center point load.

Fy 35000 psi 6061 - T6 yield stress Nd 3

P 2515 lbf Maximum load on beam

L 2 67.75 in Maximum distance between load points

V
P
2

 Maximum Shear Forces

Mmax
P L
4

8.52 104
 lbf in Maximum moment on beam

The beam used for the fixture is an Aluminum Association standard I-beam from Table 14B page
31 of the  Engineering Data for Aluminum Structures.  The beam has the following properties:

d 9 in Depth of beam

b 5.5 in Width of beam

A 7.11 in2
 Cross sectonal Area of beam

I 102.2 in4
 Moment of Inertia

S 22.67 in3
 Section Modulus of beamσ

fv
V
A

176.864 psi Shear Stress in beam



fb
Mmax

S
 Bending Stress in beam

fb 3.758 103
 psi

From equation 3-6 of  BTH-1-2011:

Fb
1.10 Fy

Nd
1.283 104

 psi Allowable bending stress

Equation 3-28

Fv
Fy

Nd 3
6.736 103

 psi Allowable shear stress

The stresses in the bar are below these allowables so the I-beam is OK.

The pick point and load connections are welded lugs.  The pick point is the most heavily loaded.
The lug is shown in the drawings.   The weld is all around the lug and is a 3/8 inch fillet weld.

tw .375 in .707 0.265 in Throat of weld

lw 2 7 in 14 in Length of weld

Aw tw lw 3.712 in2
 Area of weld

From section 3-3.4.1of  BTH-1-2011 Welds loaded perpendicular to the axis of the weld shall be
designed for tension.

ft
2515 lbf

Aw
677.578 psi Maximum tensile force on the lug welds

Using 4043 rod the allowable tensile stress for  a 6061 joint is 12.3 ksi.  The equivalnet allowable
shear stress for a fillet weld using 4043 rod would be 5.9 ksi.  Therefore the weld stress is OK.
The allowable tensile limit for a weld is given on page VI-74 and the allowable shear stress on a
fillet weld is given on page VI-76 of  The Aluminum Design Manual 2010.



For the pin connections of the shackles use section 3-3.3.1 of BTH-1-2011.  It requires taking the
least value of  several different calculations to determine the allowable strength of the pin hole in
the  plate.  For this calculation assume that the minimum shackle pin of 5/8" in diameter is used
to connect the load to the lifting fixture or the crane.

Dh 1.25 in Hole diameter

Dp 0.625 in Pin diameter

Fu 42000 psi Ultimate Tensile strength of 6061-T6

It is OK to use this ultimate strength for the lugs because the pin hole in the lugs is well outside
the heat affected zone of the attachment weld.

be 1.5625 in Actual width of the pin connected plate between the
edge of the hole and the edge of the plate on a line
perpendicular to the line of action of the applied load

Cr 1 0.275 1
Dp

2

Dh
2

 0.762

t 1 in Thickness of the lug

beff must be the smaller of these two equations

beff 4 t

OR

beff be 0.6
Fu
Fy


Dh
be

 1.006 in

Pt Cr
Fu

1.2 Nd
 2 t 1.006 in 1.788 104

 lbf Allowable tensile strength thrugh pinhole

This is the allowable single plane fracture strength beyond the pinhole,Pb

R 4.5 in 2.88 in 1.62 in



Pb Cr
Fu

1.2 Nd
 1.13 R

Dh
2











0.92 be

1
be
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




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

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

t 1.567 104
 lbf

This is the allowable double plane shear strength Pv

ϕ 55
Dp
Dh
 27.5

a 1 in

Av 2 a
Dp
2

1 cos
ϕ

57.3





















 t 2.071 in2


Pv
0.7 Fu

1.2 Nd
Av 1.691 104

 lbf

The smallest of Pt, Pb, and Pv is15,670 pounds and the load is 2515 pounds so all of  the lugs
are OK.  The lifting fixture meets the demands of BTH-1-2011.
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