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Cryostat Relief Valve Support Engineering Note
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The MicroBooNE cryostat has a tandem relief valve system with matched inlet and outlet
valves allowing switching reliefs by turning one shaft.  This system weighs about 1820 pounds.
The cryostat vessel is not strong enough to support the valve on the vessel nozzle alone.  A
support assembly was designed to transfer this weight to the intermediate platform framing.  The
support also must accomodate shrinking of the vessel height on cooldown and additional
shrinkage of the vent nozzle when the relief actually opens.  Finally this support must deal with
the reaction forces put on the valves when one of them opens.

The design is shown in drawings 3974-MD-497430 sheets 1&2.  The upper section of the
support is also used as a lifting fixture to pick the relief valve system up and mount it.  As such it
must meet the requirements of ASME B30.20-2013 and BTH-1-2011.

PART 1
UPPER SUPPORT SECTION, a lifting fixture

In ASME BTH-1,  Design of Below-the-Hook Lifting Devices, the lifting fixtures are
designed according to categories and service class.  This fixture is suitable for Design Category
A and Service Class 0.  The fixture is purpose built for only the load of the tandem relief valve
system and will be used less than a dozen times.  Hence there is no possibility to overload the
lifter and it's usage will be very low.  This would allow a nominal design factor of 2.0, but chose an
Nd of 3.00 anyway as the traditional design factor.   The entire structure is made from 4" by 4" by
0.25" structural square tubing having a maximum yield stress of 46,000 psi.   For the square
tube:
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4
 psi Allowable maximum tensile stress per BTH-1

Calculate the allowable compression stress.

Cc
2 π

2
 E

Fy
111.554

For this system define K as 1.0.  The structure is very stiff in the line of action of the relief valve
and guided in the other direction by the upper structure (as a brace).
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Since Kl/r is less that Cc use the following equation for Fa.
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 Allowable Compressive stress

Fa 1.408 10
4

 psi Per BTH-1

For an allowable bending stress first determine if the square tube is a compact section.

b 4 in Section width t .25 in Section thickness

b

t
16

1.12
E

Fy
 28.121

From Table3-1 on page 18 of ASME BTH-1-2011 the 4 inch square tube is a compact section.
Then using equation3-6 on page17:

Fb

1.10 Fy

Nd
1.687 10

4
 psi Allowable Bending Stress per BTH-1

To use this number the bending member must have an unbraced length less than:

Lp
0.13 r E

Fy Z
J A

Lp 173.348 in There are no members this long in the relief valve support.



The upper section lifting fixture is shown in drawing 3974.110-MD-497421, sheets 1 and 2.  The
relief valve system weighs approximately 1820 pounds.  The valves are supported in three places
by turnbuckles linked to the lifting fixture.  Assume that the three support turnbuckles equally
support the load or 607 pounds each.

Tube number 4 on the drawing supports two of the support points.  The tube is in bending and is
loaded in an eccentric fashion.  The load of 2/3 of the valve weight is attached on a flange welded
to one side of the tube and on the other side is the lifting bar the entire weight of the valve and
fixture is loaded on. 

P1 4 607 lbf T P1 2 in t
1

4
in

b 4 in

From page 158 of  the  USS Steel Design Manual the torsional stress in the tube is calculated.

fs
T

2 b
2

 t


fs 607 psi

This shear stress is fine for the tube.

For bending of part 4 consider the Case 10 from page 2-299 of the AISC code.  For the stress
calculation ignore the strength of the  bar (part 8).

a 18 in b 12 in l 42.5 in P 607 lbf

R1
P

l
l a b( ) R2

P

l
l b a( )

R1 521.306 lbf R2 692.694 lbf

Mmax R1 a 9.384 10
3

 in lbf

fb

Mmax

S
2.283 10

3
 psi

This is well below the bending stress allowed as calculated above so this tube is OK.  For the
allowable shear stress use 1/3 of the allowable tensile stress and then calculate a combined stress
for part 4.



fs

Ft

3

fb

Fb
 0.254 Part 4 is OK because this ratio is less than 1

Now look at the welds on each end of part 4.

Torquepart4 T 4.856 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 on each end of the tube..  This case is shown
on page 276-277of  Strength of Materials by Robert W. Fitzgerald.  The plane is at a 15 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 .262( )
4.141 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
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J Ji 54.767 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 2.07 in Distance from the torque to the weld centroid

M Torquepart4

Stressshear
M R

J


Stressshear 183.54 psi

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

Find the stress on the welds holding the plate (part 8) to part 4.  This weld is held on by five 3/16"
bevel groove welds on top and 4' fillet welds on each side.  Assume that the fillet welds do nothing
and all of the force is held by the bevel goove welds.

lw 2 in 5 tw
3

16
in Aw lw tw 1.875 in

2


σw
2 607 lbf

Aw
647.467 psi This weld in shear is OK.

Next look at the tear-out in the plate from the turnbuckle pins.  The tear-out of an individual pin is
bounded by the inset distance of the hole on each side multiplied by the plate thickness.

tp .375 in dh 1 in

Fshear 36000 psi 0.4 1.44 10
4

 psi Allowable shear for A-36 plate

fshole
607 lbf

2 tp dh
809.333 psi This shear is fine for an A-36 plate

Used as a lifting fixture for the valve set the next important part is the middle bar (part 7).  That
bar carries all of the load from a top hole and carries the last 1/3 of the weight of the valve set by
a hole in the bottom attached to a third turnbuckle.  First look at the stress on the weld to part 4.
For a load assume that this weld holds 2/3 of the valve set and the whole 185 pounds of the
lifting fixture.  The weld on the end to part 4 is made from two 3/16 inch fillet welds, one on each
side of the bar.



Pweldpart7 2 607 lbf 185 lbf 1.399 10
3

 lbf

tweldpart7
3

16
in .707 0.133 in lweldpart7 2 4 in

σweldpart7
Pweldpart7

tweldpart7 lweldpart7
1.319 10

3
 psi This shear stress is fine for E70 weld rod

Next calculate tear-out stress for the 1/2" hole carrying the last 1/3 of the weight of the valve set. 

Atear 2 0.5 in 0.5 in 0.5 in
2



Load 607 lbf

σtear
Load

Atear
1.214 10

3
 psi This shear load is OK for A-36 plate

Look at the shear in the upper hole on the bar (part 7).

Ptotal 1820 lbf 185 lbf 2.005 10
3

 lbf Total weight of valve set and fixture.

Atearout 2 0.75 in 0.5 in 0.75 in
2

 Tearout area on hole

Ateartop

Ptotal

Atearout
2.673 10

3
 psi This shear load is still OK for an A-36 bar.

For this frame as a lifting fixture the last thing to look at is the bending stress in the bar (part 7).
Assume that the part of the bar with the row of holes does nothing for the moment of Inertiaof the
bar.

b 6.0 .75 .625( ) in t 0.625 in

I
1

12
t b

3
 5.153 in

4


The model for this is case 8 on page 2-298of the AISC code.  The total  distance between supports
for the valve set is 25 inches and the  forces are basically 2/3 on one end and 1/3 on the other.  To
get  the moment move the load to a point at 1/3 of the distance from the heavy end and assume
that the weight of the fixture is small enough that it doesn't influence the position of the load.

25 in

3
8.333 in Set the load at 8.33 inches from the heavy load or approximately four

inches into the bar from the end welded to the tube.



Then Mmax

Ptotal 8 in 17 in

25 in
1.091 10

4
 in lbf

σbend

Mmax
b

2


I
4.895 10

3
 psi This is below the Fb calculated aaccording the BTH-1

so the bar is OK for this bending load.

This concludes the calculations that show that the upper frame is designed in accordance with
ASME B30.20-2013 and ASME BTH -1-2011 for a below the hook lifting fixture.  There are several
members that still have to be documented to show that the frame will also hold the valve set
properly and support them in service on the lower stand.

Part 7 is welded to tubes 5 and 6 which transfers the front load out to the spring supports.  These
welds are in shear and carry the front 1/3 of the valve.

lweld 2 3 4 in 24 in tw
3

16
in .707 0.133 in

σShear56
607 lbf

lweld tw
190.791 psi This weld is also fine for E70 rod.

The welds at the other end of parts 5 and 6 are resisting a moment.  To model the case assume
that only the upper and lower welds are involves and the side welds do nothing.  Then the bottom
weld is only a pivot point and the upper weld takes all of the moment.  Also assume that the
moment is held by only one part at a time as a cantilever. 

Part 5

L 18.36 in P 607 lbf M L P

The upper weld is a 3/16 inch bevel groove weld.

Aweld 4 in
3

16
 in 0.75 in

2


Forceweld
M

4 in
 Force on the upper groove weld

σgrooveweld

Forceweld

Aweld
3.715 10

3
 psi

This weld is OK with this level of stress.  Note that the same stress would be on the bottom
weld if the force is reversed and the valve load was carried by the tubesout to the spring
supports sitting on the lower frame.
Thus the upper frame can serve as the lifting fixture to pick up the valve set and can also hold
the valve seet when it is setting on the bottom frame.



PART 2
The Bottom Frame

The bottom frame carries the load of the relief valve set out to the main framing members of the
Intermediate deck.  The fiberglass decking material is not required to carry as a span any of
the load of the relief valve set.

For the support columns using the  AISC Manual of Steel Construction, page 3-43 for columns
42 inches tall using a KL of four feet gives an allowable concentric load for the tubes of 89 kips.
This far exceeds the load total of 2005 pounds for the valves and upper frame weight.

Next make sure the  two members (part 1 of drawing MD-497417) do cary the load across to
the main beams of the intermediate deck.  Assume that each of the columns can carry a
quarter of the load plus 20% or 600 pounds.  Use Case 10, page 2-299 for a simple beam with
two equal concentrated loads placed unsymetrically.   

P 600 lbf

l 79.06 in a 14.37 in These dimensions are for thebeam at the  top of the plan
view on the drawing.

b l a 22.5in 42.19 in

R1
P

l
l a b( ) 811.131 lbf

R2
P

l
l b a( ) 388.869 lbf

M1 R1 a 1.166 10
4

 in lbf Maximum moment in the beam

σbend
M1

S
2.836 10

3
 psi

The maximum allowable bending stress for a tube is .66 times 46 ksi or 30.66 ksi.  The beam is
not over stressed.  The deflection is not given in this AISC case.  In  Roark's Formulas for Stress
 and Strain, on page 101there is a formula for deflection of one load on a simply supported beam.
Using that formula by combining the two load of the columns into one load at the center between
the two columns should be a worst case deflection of the beam.

W 1200 lbf Load sum of both columns

a1 14.37
22.5

2






in One load centered between the columns
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3 E I l
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3

2

 0.078 in

  This number is small enough to show that the grating is not required to provide any support and
all of the load is really carried to the main support beams for the Intermediate Deck.  Repeat the
same calculation for the bottom beam on the print although it looks fine by inspection because the
top beam is fine.

P 600 lbf

l 79.06 in These dimensions are for the beam at the  bottom of the
plan view on the drawing.

a l 45.96 in 2 in 12in in

b 45.96 2( ) in

R1
P

l
l a b( ) 819.024 lbf

R2
P

l
l b a( ) 380.976 lbf

M1 R1 a 1.564 10
4

 in lbf Maximum moment in the beam

σbend
M1

S
3.806 10

3
 psi

The maximum allowable bending stress for a tube is .66 times 46 ksi or 30.66 ksi.  The beam is
not over stressed.  The deflection is not given in this AISC case.  In  Roark's Formulas for Stress
 and Strain, on page 101there is a formula for deflection of one load on a simply supported beam.
Using that formula by combining the two load of the columns into one load at the center between
the two columns should be a worst case deflection of the beam.

W 1200 lbf Load sum of both columns

a1 19.1
12

2






in One load centered between the columns

Maxy

W a1

3 E I l

l
2

a
2



3









3

2

 0.074 in



Once again the deflection of the tube is small and there is no large force on the grating between
the main beams of the Intermediate deck.

PART 3
Spring supports

The support is designed with springs to hold the load of the valve set.  The springs allow some
compliance in the height of the valve.  The vessel is made from 304 stainless steel and is cooled
to nearly liquid nitrogen temperature, and hence shrinks in height by this amount 

150 in 279 10
5


in

in






 0.419 in

This shrinkage is away from the Intermediate deck so the support must allow for it.

Wttotal 1820 185( ) lbf

Wttotal

4
501.25 lbf Weight supported by each spring

The spring rate of the springs is 341 lbf/in.

501.25 lbf

341
lbf

in


1.47 in Total deflection of the spring

The natural length of the spring is 6 inches and the fully compressed length is 3.44 inches.

6 in 1.47 in 4.53 in Length of spring with valves and fixture load on it

4.53 in 3.44in 1.09 in Amound of compression left till a solid spring

The vent pipe does not get cold and shrink while the vessel cools down.  This means that the ven
pipe is put under an additional tensile stress which needs to be quantified.

.419 in 341
lbf

in
 142.879 lbf Force on end of pipe

Do 4.5 in Di 4.026 in OD and ID of 4"sch 40 pipe

Apipe
π

4
Do

2
Di

2




 3.174 in

2




σtensile
142.879 lbf

Apipe
45.015 psi

This stress is OK for the pipe, however notice that the  turnbuckles are intended to be
lengthened to allow removing this stress.  When the valve is required to open the pipe will cool
down and will supply another load to the springs that happens quickly and can not be adjusted
out by the turnbuckles.  Since the pipe is only a third as long as the vessel is tall when it is
cooled down the tensile load and shrinkage will both be only a third of the amound above and
can be neglected.

Finally, when the relief valve opens there is an unbalanced force trying to move the valve away
from the vent pipe.  The calculation is based on an example from  Introduction to Fluid
 Mechanics by Fox and McDonald.  On page 120 there is an example of the force on a 90
degree reducing  elbow.  The relief valve can be modeled in the same manner by calling port 1
in the example the inlet to the valve and port 2 the outlet.  Use the same control volume as
shown in the example.   Because of this choice the x direction is actually vertical for the relief
valve and positive x is up.  Likewise for the y direction the positive y is horizontal and towards
the vent stack.

Mdot 13850
lb

hr
 rated flow rate of the relief valve

p1 33 psi Inlet pressure of relief valve at opening

density of argon at 47.696 psia and 300K
ρ1 .32944

lb

ft
3



A1
π

4
4.026 in( )

2
 0.088 ft

2
 ID area of 4" pipe schedule 40

V1
Mdot

ρ1 A1
132.098

ft

s
 Flow velocity at the inlet to the valve

Rx p1 A1 V1 ρ1 V1 A1 435.894 lbf

This force is trying to push the relief valve down towards the vessel and hence is trying to
compress the springs.  Assume the force is equally devided amoung the three springs.

Fadd

Rx

3
145.298 lbf Force on each spring.



Fadd

341
lbf

in


0.426 in The amount extra that the springs will compress.

Note that from the calculation above this does not collapse the spring solid.

Calculate the force in the y direction which tries to force the valve away from the vent pipe.

A2
π

4
6 in( )

2
 0.196 ft

2


V2 V1
A1

A2






 59.476
ft

s


ρ2 .1014
lb

ft
3



FBy 0 Ignore since the volume of the valve inside is unknown and the
mass of argon inside is insignificant compared to the weight of
the valve.

Ry FBy V2 ρ2 V2 A2 2.189 lbf

This force pushing the valve away from the vent pipe is negligible and is easily taken up by the
support structure.  The vent pipe is connected to the relief valve by two three foot long by 6"
diameter flex hoses for any motion is easily accommodated.
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