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Support stand for Minerva construction and prototyping
Jim Kilmer
March 8, 2006

This note describes the engineering calculations for the support structures
used in Minerva to build and store the detector. The initial stand is recycled from
use as a Minos storage rack used in New Muon Lab. This stand is too short in
height for Minerva and the columns have been lengthened. Additionally the lengtt
of the rails is shorter by two feet than in the production stands that are planned.
The rest of these stands will be bought new and will not have spliced columns.
First note that the Minos detector had planes weighing 8000 pounds with a
regular spacing of 2.334 inches for a rail load of 3427.6 Ib/in. We need to
determine the load for the Minerva detector. The Minerva detector is made of
several kinds of different planes. Here are the weights of the various types of
plane. '

Plane Type Weight (Ib)
Upstream HCAL 3000 b
Lead Module

Upstream ECAL 3000 Ib
Active target 3000 Ib
Downstream ECAL 3000 Ib
Downstream HCAL 4500 Ib
Heavy target frame 5200 Ib

Use 5200 pounds with a spacing of1.594 inches for the entire rail. This gives a
load of 3262 Ibfin and is very conservative as there are only three frames of this
weight in the entire detector. Nominally since the detector is lighter than its
original loading everything is fine. Some calculations will need to be redone for
the changes. For these calculations use the American Institute of Steel
Construction, Manual of Steel Construction, Ninth Edition.

Columns

The rails are 96 inches long supported by three columns on each side. Assume
that all of the planes are the heaviest giving a load of 3262 Ib/in. Then the total
load would be

Wi = 3262-2.96-in
n

o

Wi=3.132x 10°1Ib

To get the load on the columns use page 2-311 with 2 spans and a uniform load. Also notthat the
weight shown above is equally divided between the two rails The columns are made from W8 X 31



or W8 X 35 wide flange beams. Use W8 X 31 for these calculations and the cross sectional area
is 9.13 square inches. Columns are also A-36 material with an Fyof 36 ksi.

Ib g
3262-—-48in 7
mn

P= — P is the load on one span on one rail which is half of the rail
2 length and only the load on one side - -
The maximum load on a column is the center column with a load of 1.172 X P or 91,753 Ibs.
1.172P :
ccomp = /
9.13-in
ab 7 .
ocomp = 1.005x 10 — Compressive stress on column
.2 .

mn

~ While the columns have sway bracing in both directions assume that there is none. From the
AISC code assume that the factor K=2.0 (Table C-C2.1) and the length of the columns is 104
inches (use 9 feet). Then Ki is 2X9 = 18 feet for Y-Y axis and using the column tables for W8
X31 column the allowable load is given as 110 kips > 92 kip so the column is OK.

Next check X-X axis. Effective length is again 2X9 = 18 feet. From the properties tables rndry =
_ 1.72. Then corresponding effective length for X-X is then
18-ft

— = - 10465/
1.72

Looking again at the column tables for a W8 X31 with 11 foot effective length the column
allowable load is given as 154 kip > 92 kip so the column choice of W8 X31 is OK. Note that
because the columns do have some sway bracing the real effective lengths are less and the
columns would be rated for larger loads.

Some of these columns also have a two foot piece attached to lengthen them for the final height
needed. This connection will be addressed later in this note. It was necessary to add material to
be able to re-use steel that was originally used in a Minos Near Detector storage rack at New
Muon Lab. Enough material was salvaged for only one rack. All of the others will have full length
columns with no splices .- ’

Rails

The rails are a composite of three elements. The first is a W18 X35 Ibeam. The second
is a C8 X 11.5 channel used to prevent the Ibeam upper flange from buckling under the
compressive load. The lastis a 4 inch by 4 inch bar used as the actual support rail for the .
planes. It forms the alignment key for the detector on the rail. At the beginning assume that the
Ibeam is the only rail section. Use Case 1 on page 2-296 for a simple beam with uniform load.
Find the maximum moment.

1;= 48:in e Length between columns on center



' in / Load is shared with the two side rails

2

wil™ /

Mmax ;= —

Mmax = 4.697 x 10° Ib-in ~

For a W18 X35 beam Sx = 57.6 in3

Mmax fb=8.155x 1002 7
Sx 2

in

b= Rail bending stress

Assume that this is the allowable bending stress

Ib ib
Fy = 36000-— Fb := 0.66-Fy Fb = 2376 104—5 4
in in

Since Fb is greater than fb the beam stress is OK.

Calculate first the Ixx for the entire assembly of the rail.

A (sqin) x(in) Ax (in*3)  Ix (in"4) d (in) Ad?A2
bar 16.00 19.97 319.52 21.33 415 275.56
channel 3.38 17.40 58.81 1.32 1.36 6.24
Ibeam 10.30 8.88 91.41 510.00 6.95 496.80
29.68 ' 469.74 :

: Sum of Ad*2 778.60 inM
neutral x= 15.83 in Sum of Ix 532.65 inM

Combined Ixx  1311.25 in™4

Check bending stress and deflection with combined rail section:

Ib
E:= 30x 100.— Ixx:= 1311.25-in*
in2
. Mmax-15.83-i
fbnew = M fbnew = 5.671 x 103£ s
1311.25-in" in”

New bending stress is much lower. Now look at deflection which is important to make sure items
like axial bolts line up along the beam. The deflection formula is taken from the AISC code page
2-308.



w-l4 -3
A = 0.0069-—— A=1519%x 10 “in
E-Ixx

This deflection is quite acceptable. Now look at shear in the beam assembly. To estimate the
shear look at case 12 on page 2-299. In the model the shear at the center column would be twice
the shear shown in case 12 or 10/8 X P. '

= 12P  v=9395x 10"

Then

\"%
oshear :=

b
2 oshear =3.165x 10° — -
29.68-in 2

in
. s
From the AISC code the maximum allowable shear stress is 40% of Fy or 14,400 psi. This
calculated shear stress is acceptable so the composite beam is OK.

Column Splices

As mentioned above some of these columns are spliced. The splice design is that the extra piece
of Ibeam is added on top of the previous top bolting plate with a fillet weld all around the perimeter
of the new piece. Additionally the flanges are stiffened by adding a 1/2" thick by 7"wide by 8" long
plate to the outside of each flange. A 1/2" thick fillet weld is done all around the plate. Attached is
a drawing of the splice design, Fermilab number 3938.300-MC-444191, with notations for this
analysis. v
To check on this connection assume as a worst case that the original beam is held rigidly and the
extra two feet is cantilevered. Find what moment these stiffening plates can support assuming
that the fillet weld around the web and inner flanges is not considered. Then in the strong axis
direction a force F produces a moment around a point A, resisted by the plate's weld.

Total weld length  lw:= 4.in + 7-in + 4-in lw=15in -~
Weld Throat in )
tw:= .5 — tw = 0.3541in
V2
Weld Shear Area Aw = lw-tw Aw = 5.303 in2 v

Now find out what the force F would be, first looking in the direction for the beam strong axis.

Fr:= Aw-23300-£)- “" Where Fr is the resisting force and weld allowable stress is 1/3 of 70 ksi
in2 for allowable shear or 23,300 psi

Fr=1236x 10°1b *

Sum moments around point A.



in 4 e
24-in F=4119x10'Ib

A= Fr-8-

This should also be approximately the force the splice plate can resist in bending for the weak
axis. Now we need to decide if this is acceptable. From the first page note that the entire load on
the rails is 313,200 Ibs. If we assume that the force is horizontal for a siesmic event and for this
siesmic zone (0) should be 10% of the total weight (31 ,320 Ibs) then the bending force we
calculate the columns will each resist is greater that the required siesmic load for the frame and
the splice is OK.

This 10% horizontal load is also used to look at the design of the braces. These braces are
made from 4" by 4" by 0.375" wall structural tubing. The load hrizontally will be shared by three
braces across the support. Then Fhor is only 10,440 pounds on each brace.

Abrace := 5.08-in2 Cross sectional area of brace

r:= 145

Ki=2 : Flanged ends but not rigid support
Ibrace := 85.5-in length of the brace

K-Ibrace 3563 7

Using table C-50 from page 3-17for this Kl/ir we find Fa=29.73 Ksi. Now find the actual
compressive stress in the brace.

104401b
Abrace

fabrace .=

fabrace = 2.055 x 103 -E-

in2
Since Fa>fabrace the brace is OK in compression. Note also that no account is taken of the
opposing braces that will try to resist the load in tension, which would be the case after the
detector is in place on the rails. This horizontal load on each brace is carried through to the
anchor bolts as shear forces. Each brace has four 3/4" - 10 anchor bolts in the floor using Hilti
Drop-in anchors. For 4000 psi concrete the stainless steel drop in anchors will support 3830
pounds in tension and 5580 pounds in shear.

10440-1b
Fanchor := —-4——- Fanchor = 2.61 x 103 Ib

-

e

The force Fanchor is taken up in shear and the allowable load is greater than the required load so
the anchors are OK.
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