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Abstract/Summary:THE DETECTOR IS COMPOSED OF THE FOLOWING:
( 1) FIVE HORIZ PLANES MOUNTED ON 4” THICK PLATES
(2 ) FOUR VERT. PLANES MOUNTED ON 4" THICK PLATES
( 3 ) ONE 4-PLANE BLOCK MOUNTED ON 2" THICK PLATE
(4) A 2” NAKED PLATE IS MOUNTED JUST UPSTEAM OF
ITEM #3
( 5) EACH PLATE IS MOUNTED BY MEANS OF SUPPORT

4

LUGS TO A FRAME WHICH IS BOLTED T0 28 %75 x/50

(6 ) THE DETECTOR WEIGHT IS APPROXIMATELY 110 TON

Applicable Codes:--AISC *“ MANUAL OF STEEL CONSTRUCTION ™



STEEL PLATE WELDMENT (4")
SEE FPAGE #6
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1" x 16" SQUARE BASE PLATE

38" x 15 x 148.78 TIE PLATE

...--llll‘lr"ﬁ'----‘.l..r--"". ‘E'-!* !-' ',

SPECIAL SUPPORT LUG
USED ON 2" PLATES OMLY
SEE PAGE #2

SUPPORT LUG USED
OM 4" PLATES

SUPPORT FRAME
SEE PAGE #3

r

MUON CATCHER ASSY
APPROX WT 110 TON
1" x 10.78 x 15 BASE PLATE

SEE PAGE #2 PAGE #1




112-13 STUDS TYING BASE
PLATES TO TIE PLATES

38" x 15" x 149.78" TIE PLATE

/ 1" x 10.78" x 149.78" BASE FLATE

ASSUME DETECTOR WEIGHT OF 110 TON
RESTS ON ONLY THREE BASE PLATES
AND NOT CONSIDERING 318" x 15" x 149.78
TIE PLATE, AND USING THE SMALLEST
FOOT PRINT OF 10.78' x 15", THEN

11043 x 2000/(10.78 x 15) = 454P 51 < 4000P S|
ASSUMING 4000PSI CONCRETE IS USED.

BASE PLATES AND TIE PLATES

FAGE #2
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SEE PAGES 4 & ¢ FOR
ONE-DIMENSIONAL
FRAME FEA

ALL FASTENERS 3/4-10 GRADE 8 BOLTS

1" X 2" X 6" PLATE WELDED WITH 12"

FILLET WELL.
ASSUMED WELD HELPS RESIST FORCES

ACTING AT THIS JOINT IN ADDITION TO
HELP IN ASSY.

SUPPORT EAST FRAME '

PAGE #3
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"IHDEAS 12 NX Seres m2:  -DEAS Visualiser

IbTin® 2
Fvm > 1. 15E+04

MUOKM_CATCHER_SUPT_FRAME_FEM . i
1 . 09E+04

55_TON_LOAD
STRESS Von Mizes Averaged Top shall 1.03E+04

Beam stress: Yon Mises | maximum point "
-
Min: 2.51E-12 Ibffin~2 Max: 1.15E+04 Ibfin~2 FOUR LOADS OF 10522# : 02

B.C.. 1, DISPLACEMENT_1 LOAD SET 1 FIVE LOADS OF 10,468#
DIEPLACEMENT X%Z Magnilude
Min: € O0E-+D0 In Masx: 0.00E-+0D in ONE LOAD OF 22806# ek
! ALL LOADS ACT VERTICALLY @ 04t-0
MATERIAL: ASTM A36 STEEL DOWNWARD ON Wa2X3c BEAM 7 ATE+03
Fvm=o.6 X 36,-::1;-0 = z:,ﬁou PS5l { ALLOWED )
6. 89E+02

8. 19E+03

6.32E+03

5. 7T5E+02
5 17E+03
4 G0DE+03
4 02E+03
3 45E+03

2. B87TE+02

2 3DE+03

1.72E+D03

1.15E+D3 |

SUPPORT FRAME FEM | =75 02

L_/"”l STRESSES wE--z[
ATTACHED TO 12" X 15" X 150" PLATE

FPAGE #4 |




I-DEAS Visualizer

~IT-DEAS 12 NX Series m4:

I-DEAS Visualizer —

MUCN _CATCHER_STUPT FRAME FEM

55 TON_LOAD

ELEMENT FOBRCE Maghitude Averaged Top ahell
Min: O.00E+00 1bf Max: 5.85E+04 1bfT
DISPLACEMENT XYZ Magnitude

Mitii B,00E+00- ik Max: 4.04E-02 in

BOLTS USED 3/4-10 GR &
TORGUE TO 330 FT-LBS
CLAMP LOAD =380 x 12 / 0.2 x 0.7T5
= 30,400 2BOLT

LOCATION Z1
6 BOLTS CARRY 58,5002
T = 53500/ = 9T502BOLT

6 BOLTS CARRY 45,900 IN-LBS
fm = 45,9006 x 17 = Te502BOLT

COMEBINING FORCES
CLAMP LOAD = SORT({ 975042 + 765042 } = 12,3932BOLT < 30,4002B0LT

LOCATION =2
& BOLTS CARRY 33.T00%
f=33,7T00/% = 561TZBOLT

& BOLTS CARRY 141,000 IH-LBS
fm = 14,0006 x 1" = 23,500 ZBOLT

COMBINING FORCES
CLAMP LOAD = SORT{ 56172 + 23,5002 ) = 24,1622 B0LT < 30,4002 BOLT

N

LOCATION =1
RESULTﬂHT FORCE = 58500
RESULTANT MOMENT = 45,900 IN-LES

LOCATION #2
RESULTANT FORCE = 33,700 #
RESULTANT MONENT = 141,000 IN-LES

—t

LOADS AND RESTRAINTS SAME AS IN PAGE #4

dlin gy

I5.85E+Dﬂ
S.56E+04
S5.Z6E+04
4,.57E+04
4,.63E+04
4,3%E+04
4.0%E+04
3.80E+04
3.51E+04
J.2ZE+04
£2.9ZE+04
2.63E+04
Z.34E+04
Z2.05E+04
1.75E+04
l1.46E+04
1.17E+04
= -

S.35E+03

SUPPORT FRAME FEA
FORCES

AL

0.00E+00

PAGE =5
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File Edit Image Help

=10l x|

10,522

) O e
<+ B i Sw=1x14+144273

% Ty * = 79.3 IN+2
2 B T Y [ \

USE 172" FILLET WELDS ALL-ARROUHD

WEIGHT
PUC'“'"“""““"""“""""'51&.#

Ty
]

Oll-sssssmmmemmnnnnancnnnsancasa1030

65"
< ] ) STEEL PLATE 4"----+------19500
- 16.5" =], 3 e 1 TOTAL-----21,044#
s
HOTE: ONLY THE WELD ON THE 1" x 14" PLATE WAS CONSIDERED
SINCE IT IS OBVOUS THAT THE 2" x 24" Il PLATE WELDED
ALL AROUND IS MUCH STRONGER THAH THE 1" X 14 PLATE. SUPT LUG

MATERIAL : ASTM A36 STEEL
F = 0.6 » 36,000 = 21,600 P51 ALLOWED

2 JINNER CLIPS

USING WELD ELECTRODES EG00CX
Fu = 0.3 x 62,000 = 18,600 P51 ALLOWED

Fw = sind5 X 0.5 x 18,600 = 6576 211 ALLOWED {4 )OUTERCLIPS

fur = 10522/ 20014+ 2001" =35121H VERTICAL PLANE
M =16.5 X 10,522 = 173,613

fm =173,613/79.3 = 218921

VERTICAL PLANE ASSY

COMEBINING FORCES

f=S50RT{ 3512 + 21892 ) =2, 1 TZM < 65T6=1N J

(3)BOTTOM CLIPS PAGE #6
SEE PAGE #10

ANCHOR PLATES
4" PLATE WELDMENT, SEEL PAGE %9




{3) OUTERCLIPS

WEIGHT
PVC 393#
NOTE : ‘ DL e 1,044
SEE PAGE # 6 FOR WELD i STEEL PLATE ( 4" }===--1g,500
CALCULATIONS PERTAINING : TOTAL--

TOSUPT LUGS

\ 20,937
SUPT LUG

(6)INNER CLIPS

3 / HORIZOMTAL PLANE

4" PLATE WELDMENT

HORIZONTAL PLANE ASSYl

PAGE #7 '>{

AMNCHOR PLATES ————

(3) BOTTOM CLIPS :
SEE PAGE #11 o




SPECIAL SUPPORT LUG
SEE PAGE #6 FOR
WELD CALCULATIONS
PERTAINING TO LUGS

2" PLATE WELDMENT
SEE PAGE #9 FOR FEA

AMNCHOR PLATE

PALLET
SEE PAGE #12 FOR FEA

WEIGHT
o e
s 4,148
STEEL PLATE ( 2")==s=ss=ss== 9,825

TOTAL------15,78 7%

4-FLANE BLOCK

ALUM BLOCK STABILIZERS

BLOCK ASSEMBLY

¥

PAGE #ﬂ‘;




231PG9~1.JPG
File Edit Image Help

| '1-DEAS 12 NX Setes m2  HOEAS Vimusiioor ™ R - - [=TE]
SUPPORT LUGS, SEE PAGES 6 AND 23 FOR
WELD CALCULATIONS
\ Fum::-
. !
i
1 ] I IIII i
\ 'FIXED RESTRAINTS ON 3 [
o \ ALL PLANES FOR BOTH
v SUPPORT LUGS
MATERIAL: ASTM A36 STEEL \
Fum = 0.6 x 36,000 = 21,600 PSI ALLOWED hipea .
WELD ELECTRODES EG0XX 1/2" GROOVE WELDS, 3'
Fv = 0.3 x 62,000 = 18,600 PSI LONG 3 PER SIDE
Fw = sind5 X 0.5 X 13,600 = 6576 2in allowed -
GG A L 3,000
FIXED RESTRAINT ON Z i
¢ | ONLY FOR ANCHOR £
/ { PLATES
;‘
gn Sw=2x 275 +4.7542/3 = 13.02 in*2 J‘I
fu=3,000/2(2.75+2)=36 Zin
fm = 7.75 x 3000 / 13.02 = 1786&in 0
_~PALLET & BLCCK SUPPORTS
COMBINING FORCES 0
f = SORT{ 316°2 + 17862 ) = 1814=in < 6576 F A | BLOCK PLATE
/ 3000# WELDMENT FEM 0y
. / PAGE #9
3!’.\‘9& J » -
‘af2" FILLET WELDS BOTH SIDES

=101 %]




 "HDEAS 12 NX Series m2:  HDEAS ' ey -|ol] x|
775# LOAD ON SURFACE
T 2
Fvm> 4 11E+02
CLIP_BOTT_VERT_FEM
FTsSLE_LOAD 3 O0E+03
STRESE Yon Mises Averaged Top shall 1 GOE+D3
Min: 1 95E-01 IB6FiiNn"2 Max: 4_11E+02 IbFfin™2 )
B.C. 1, DISPLACEMENT_1,LOAD SET 1 NS
DISPLACEMENT X¥7Z Magnitude 1. 2HE +D3 T
Mir: O DDE-00 in Max: 2 12E-D3 in ;
1 D0BE-D3 1
MATERIAL : ALUMINUM 6061-T6 g
Fvm = .06 X 35,000 = 21,000 PS5/ i
i o w2
ALLOWED
F AGE+03
2 26E+03 1.
{3)a/2-23 SCREWS THROUGH 5LOTS —— = geE+03 B
RESTRAINTS ON'Z'ONLY 1 BEE+03 38
1 GAE-+D
{2)3/8 SPRING PINS 1 44E+02
17,600# SHEAR STRENGTH——— ——
RESTRAINED OMN ALL PLAMNES 1.02E+03 8
1 21E+D2
G146l 02
4 11e+D2
2.05E+D2
1.95E-01
CLIP BOTTOM VERTICAL FEM -
PAGE #10
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CLIP BOTT HORIZ FEM
7S0LE_LOAD

STRESS Yon Mises Averaged Top shell
Min: 2. 98E-01 IbVin"2 Max: 4 46E-+03 Iblin~2

DISPLACEMENT X¥Z Maaniude
MiIn: 0 00E-+00 In Max: 2 31E-03 in

MATERIAL : ALUMINUM E081-T6&

750# LOAD ON SURFACE

B.C DISPLACEMEMNT _1.LOAD SET

Fvm = 0.6 X 35,000 = 21,000 PS| ALLOWED

{3)1/2-23 SCREWS THOUGH S5LOTS -
RESTRAINEDON"™ Z" ONLY

1

,-'—""'—f'-l_/—"

{2) 3/8 SPRING PINS —
17,600# SHEAR STRENGTH
RESTRAINED OM ALL PLAMES

CLIPBOTTOM HORIZONTAL

Fyvm> 4
- |
4

1

brin® 2

A GI

241

01k

r |_|! =

STE

11E
o 921

i GOE

4 6l

231

=121

PAGE #1212
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MUON_CATCHER_BLOCK _PALLET _FEM
GO0D0DLE_LOAI 1 2-RFESTRAINTS

STRESE Won Mises Averaged Top shell

Min. 1.65E+00 IbIin~2 Max: 1.17E+D04 Ibfrin~2

B.C. 1 0ISPLAGEMENT_1,LOAD SET 1
DISPLACEMENT XYZ Magnitude
Min: O.DDE+DD in Max. 1. 78E-D2 In

MATERIAL : ASTM A36 STEEL

Fvm=90.6 X 36,000 = 21,600 P5| ALLOWED

SUPPORTED ON INSIDE TOP SURFACES
OF RECTANGULAR TUBES

6,000# LOAD ON TOP SURFACE

MUON CATCHER BLOCK PALLET

ATTACHED TO 2" STEEL PLATE AND
BLOCK IS FILLED WITH OIL

N

|

Ik
Fvm = 1.17i

1.11E+D4
1.05E
9 91E+03
9. 3A3E

B.75E

8. 16¢

7 S8E-~
7 .DDE-
6. 42E +

5.83AE

5.25E

4 G7E

4.08E
A S0
2.92E
< . AAE

1.75[

PAGE #12
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*’I-DEAS 12 NX Series m<:  I-DEAS Visualizer

=10] x|

PICK PT
\L'DA[I' @ PICK POINTS = 20014/3 = 6671%

: _ 12" fillet weld
I-DEAS Visuali=zer , : FICK PT

MUON CATCHEE VERT SUPT WLDNT FEM
GEAWITY ELUS PY¥C HOEIE PICE

STRESS Yen Misea Averaged Tep skhell

Miri: 1.47B%E1 ibBE7insE DFax: 2.54E%04 IBE /ifp*E
DISPLACEMENT XYZ2 Magnitude

Mimg C.0O0E+08 dn Maxi: 5.52E=0= in

USE ELETRODE EGOXX
Fv=10.3 x 62,000 = 18,600 psi allowed
Fw = sined5 x .5 18600 = 6576 #/in allowed
USING SKETCH SHOWN IN PAGE #6
Sw=1"x14 + 1823 ="14.3 in*2
Jw={1"+14)*3 /6 =563
M=8 x6671=>53,368 in-lbs
Fm=53368 /14.3=3723%/in

ft=06.5 2 6671/363 =772 /in

DGE RESTING ON FLOOR
fr=06671/14+ 2 =417

COMBINING FORCES WEIGHT

F=sqrt (372342 « 7742 + 11742 ) =3747 #/in < 6576 # [ in FVC 514 #
STEEL PLATE 4"-----19500

TOTAL------20014#

VERTICAL PLANE ASSY
HORIZ PICK

IBEsint2

Z.54E+04
Z2.42E+04
Z.29E+04
Z.18E+04
Z.03E+04
1.91E+04
1.78E+04
1.65E+04
1.55E+04
1.40E+04
1.27E+04
1.14E+04
1.02E+04
BT EEHE0E
7. edE+03
6.36E+03
S5.05E+03
J3.82E+03
2.« S5EH0E
1.28E+03

1.10E+01

FAGE 13




SERIAL-CATERORY

FERMILAB SECTION

# ENGINEERING NOTE

FROLECT

mmc:-‘-‘mf :%rc ST g rr or=LwTTol]

I
s

F&A‘ff:&m J&=r

Exfeisron) P S, g;/!?ﬁ*f 0 m?ﬁ?
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1 ﬁ B-T o [ ™ e ey
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L2-DEAS 12 NX Series md:  I-DEAS Yisualizer

I-DEAS Visuali=zer

IPND 1lé_ CELL_ HORIZ GLUED EXTRUSION FEM
1Z200_LE_LOCAD

STRESE Von Misea Averaged Tep shell

Mirie 2.78E=82 ibf;in*E Max: 1.52B%02 I6E/ik*E
DISPLACEMENT XYZ Magnitude

Ming C,00E+08 in Max: 6.24E-03F in

MATERIAL: POLYWVINYL CHLORIDE

YIELD STRENGTH - 8350 PSI

1o x|

5.1 DEG —_ | 1200 # DISTRIBUTED ON 1.56™ X 160 * LG
- RESTRAINED X - FREE
o] ¥ - FREE
b Z - FIXED
el
h-{
po—enil

TR

RESTRAINED X, Y, Z -FIXED

IHEfint2
1.52E+02

1.44E+02
1.3 7YE$DE
a9 E+0E
L. 22 E¥0z
1.14E+02
1.06E+02
S.88E+01
S 12 E+D1
d.36E+01
T o BOEAD1
6.54E+01
6.05E+01
Fnd 2 EE0E
4.58E+01
3.80E+01
3.04E+01
Z.28E+01
I.52E+01

T.e3E+O0

el [
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IPND_16 Cell Horizontal Glued
Extrusion Buckling Analysis 2



Figure 1. Meshing

solid elements were
used

b 1000 (n) 2)\ X



Figure 2. Loading

Bottom = simple support



Figure 3. First Buckling Mode




Conclusion

The buckling load factor is about 2. It is smaller than the
previous analysis for three reasons:

1. The previous analysis used the weight of only two
modules, applied to the top of the bottom module. The
new analysis includes the weight of the bottom module
(water plus PVC), which tends to reduce the load factor.

2. The previous analysis used a fixed boundary condition at
the bottom of the module; the new analysis uses a simply-
supported boundary condition. This is another contributor
to the load factor reduction

3. Following discussions with Ang Lee, we decided that we
should use the 20 year creep modulus of PVC (75000 psi)
instead of the short-time modulus.
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