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This note provides the calculaitons for a support structure to hold up the two LAr condensers for
MicroBooNE.  The major constraints driving the design are the crowded area on the intermediate
deck and the need  to support the weight of the vessels (1500lbs each).  The support is shown in
drawings F10022071 "Assembly,Support Structure", and F10022492 "Weldment, Support
Structure".  From drawing 492 the weight of the support frame is 400 lbs.  The total load on the
frame is then 3400 lbs.

COLUMNS AND GUSSETED BRACKETS

First treat the upper frame like a beam in the short direction and find the reaction forces for the
columns and the brackets.  The load of the vessels is not on the center axis, but the weight of the
frame is so use superposition to find a total.  For the weight of the frame use Case 7 of the AISC
manual and for the vessels use Case 8, both on page 2-298.

All material used in the frame is 4" by 4" by 1/4" square structural tubing with the following
properties:

A 3.59 in
2

 I 8.22 in
4

 S 4.11 in
3

 r 1.51 in

J 13.5 in
4

 Z 4.97 in
3

 Fy 46000 psi

P 400 lbf 600 lbf Weight of frame plus 600 lb for piping and valves

R
P

2
500 lbf   Reaction load on columns or brackets

Now look at the vessel reactions where R1 is the brackets and R2 is the columns.   

a 16.5 in   To center of beam

To center of column
b 31.0 in

l a b

P 3000 lbf Weight of both vessels on centerline

R1
P b

l
1.958 10

3
 lbf Load divided between two brackets

R2
P a

l
1.042 10

3
 lbf Load divided between two columns



Now add the reactions of get the total

R1total
R R1( )

2
1.229 10

3
 lbf Total load on each bracket

R2total
R R2( )

2
771.053 lbf Total load on each column

Look at the stresses and anchors for the wall brackets.  The centerline of the frame sits 10.75
inches from the wall.

M R1total 10.75 in 1.321 10
4

 in lbf Moment on each bracket

The gusset flange has holes for eight bolts.  Assume that the upper three bolts carry all of the
moment and the other five are not involved.  Assume that the three bolts equally distribute the load.

T
M

3 24.50 in
179.744 lbf Tensile load on each of the three bolts

The plate also puts a shear on the bolts but all bolts would contribute to supporting the shear load.

Shear
R1total

8
153.618 lbf Shear on each bolt

For the bolts choose Hilti Kwik Bolts of 1/2" size in carbon steel.  The concrete is 4000 psi
compressive strength.  For these bolts, from the Hilti catalog, each bolt has an allowable tensile
load of 1450 pounds for a 2-1/4" embedment and an allowable shear load of 1970 pounds.  These
bolts are perfectlly adequate for this application.

The tubing for these brackets is well oversized for the small bending and compression loads, but
look at the weld sizing.  The weld on the horizontal member to the flange is in tension.  All welds are
done with E70 rod.

t .707
3

16
 in 0.133 in Weld throat distance

lw 4 4 in 16 in Weld length

σweld

R1total

t lw
579.419 psi

Because the brace is at 45 degrees the horizontal force is the same as the vertical force.  This
stress is negligable compared to the weld  rod allowable even assuming we use a safety factor
of five and limit stress to 14000 psi in either tensile or shear stress.   The welds on the brace
are higher because the weld length is only 75% of the horizontal member.  On both ends of
the brace the stress is calculated.



lw1 3 4 in 12 in

σweld1

R1total

t lw1
772.558 psi

This weld stress is also fine so the gusset is OK.

Now look at the columns.  They are fabricated from 4" by 4" by 1/4" wall square tubing.  The longer
of the two columns is almost 7 feet long.  Use that number in the tables.  

K 1

L 7 ft

From page 3-43 for a KL = 7 feet a 1/4" wall tube will have an allowable concentric load of 79
kips.  For the columns R2total is 771 pounds and is much less thaN 79 kips.   Therefore the
columns are OK.

UPPER FRAME

Start with drawing F10022492, item 2.  These two are simple beams with a point load as in Case 8
on page 2-298.  The condensers are supported by two threaded rods so the load is 750 pounds on
each of the beams.

P 750 lbf

l 37.06 in 4 in a 18.5 in 4 in b l a 18.56 in

R1part2
P b

l
421.053 lbf

R2part2
P a

l
328.947 lbf

Mmax
P a b

l
6.105 10

3
 in lbf

fb

Mmax

S
1.485 10

3
 psi

Fb 0.60 Fy 2.76 10
4

 psi

Since fb is much less than Fb these members are fine.



Now look at item 1.  It is loaded by the two beams above (item 2) and they provides a torque to the
beam.  First look at bending as in Case 9 on page 2-298. 

P R2part2 Reaction force from item 2 is the load for item 1

R P Item 1 reaction force is equal to the load

a 33.0 in From the drawing

Mmax P a 1.086 10
4

 in lbf

fbitem1

Mmax

S
2.641 10

3
 psi

Since this is less than Fb the member is OK in bending.

The load above puts a torque on the member.  This torque is resisted by the welds in shear on each
end of the member.

T P 2 in 657.895 in lbf

Use formula 7.10 from page 158 of the  USS Steel Design Manual.

b 4 in t 0.25 in Dimensions of the tube

fs
T

2 b
2

 t
82.237 psi Shear stress from torque on the tube

Fs 0.4 Fy 1.84 10
4

 psi Allowable shear stress for the tube in torsion.

This shear is fine, however the calculation depends on the ends of the tube being fixed to rotation.
This means the welds from item 1 to item 3 are also involved.  The torque can be modeled as a
couple where the inside weld and outside weld take the force in shear.   Both welds are 3/16" fillet
welds and each sees one force of the couple equal to R2part2.  Neglect the flare bevel joints on the
top and bottom side of the tube.

tw
3

16
in 0.707 0.133 in Throat distance of weld

d 3 in Length of weld, not including round corners

Aweld tw d 0.398 in
2



σweldshear

R2part2

Aweld
827.15 psi



This weld shear is no problem for a weld with E70 rod.

Consider items number 3.  These beams have two non-symetrically placed loads one of which
provides a torque to the beam.   Use case 11 on page2-299 for the simple bending part.

P1 R2part2 328.947 lbf

P2 750 lbf

a 53 37.06 1.5 2 2( ) in 10.44 in

b 39.01 31 2( ) in 6.01 in

l 39.01 in

R1part3

P1 l a( ) P2 b

l
356.461 lbf

R2part3

P1 a P2 l b( )

l
722.487 lbf

M2 R2part3 b 4.342 10
3

 in lbf

fbpart3

M2

S
1.056 10

3
 psi

This bending stress is less than Fb so the part is OK.

For the torsion on part 3 the force P1 is eccentric to the centerline of the part.

M3 P1 2in 657.895 lbf in

The plates bolted to the tops of the columns may not resist the twist since the columns are most
likely not stiff enough.  If they do the twist must be resisted by the welds on the column plates to
the tubes  which are flare bevel joints.   Assume that the welds are four inches long.  One weld
supplies the fulcrum and the other takes the load in tension.

Throat
5

8
0.25 in

Areaweld Throat 4 in 0.625 in
2





weldtension
M3

4 in Areaweld
263.158 psi

The weld will be fine in tension at this stress.

At the other end item 4 must support the item 3 load.  The load is not on center so torques are
applied at each end of item 4 and must be the same on each end.  First find the eccentricity of the
load.  Part number 4 is at a 45 degree angle corner.

15.33 in 12.01 in

2
13.67 in Length of the central axis of part 4

e
13.67 in( )

2

2
9.666 in

R2part3 722.487 lbf Load on the ends of part 4

Torquepart4 e R2part3 6.984 10
3

 lbf in

This torque is seen at each end of part 4.  It is resisted by the end welds in shear.  Assume that
the torque is applied at the plane through the welds in the center of the section.  This case is
shown on page 276-277of  Strength of Materials by Robert W. Fitzgerald.  The plane is at a 22.5
degree angle to the end of the 4" by 4" tube.  Since the torque is centered on the tube also
calculate the polar moment of inertia at the same point.

lc
4 in

cos 22.5( )
4.58 in Length of the cut edge of the tube

The welds on these parts are 3/16 inch bevel goove welds all around the tube.

From the reference above the J of each of the four welds around the joint is given by

i 0 3

t
3

16
in x

i

2.0 in
0 in

2.0 in
0 in

 y
i

0 in
2.29 in

0 in
2.29 in



L 4.58 in 4.0 in 4.58 in 4.0 in



L

4.58in

4in

4.58in

4in











 x

2

0

2

0











in y

0

2.29

0

2.29











in

Ji
1

12
t L( )

3
 t L x( )

2
y( )

2
 

16.237

15.736

16.237

15.736











in
4



J Ji 63.947 in
4

 Total Polar Moment of Inertia for
four welds

Now find the stress at the middle of the short welds which are the farthest from the centroid of
the welds

R 2.29 in Distance from the torque to the weld centroid

M Torquepart4

Stressshear
M R

J


Stressshear 250.092 psi

This stress is no problem for welds done with E70 rod.

Finally calculate the stress in the threaded support rods for the vessels.  The rods are 1/2" - 13
made of 18-8 stainless steel.  From the ASME Boiler and Pressure vessel code the  Specification
 for Alloy Steel Bolting Materials for Low Temperature Service,SA-320, gives a yield strength for
this bolting material of 30 ksi.  For this size  bolt the tensile  stress area is 0.1419 sq in. 

Load on each rod =750 lb

σ

750 lb

.1419 in
2


5.285 10

3


lb

in
2

 SF
30000psi

5285 psi
5.676

A safety factor in tension of greater than 5 is OK for this threaded rod to support the condenser
vessels.
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