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Finite Element Analysis of Minos Far Strongback
Bob Wands

Introduction and Summary

The far strongback is used to raise and install the steel planes for the far detector. The
planes are laid on the strongback while it lies flat on the floor, supported in four places;
after the plane is clamped in place, the strongback is lifted to a vertical position using two
pick points on the frame.

This analysis shows that the maximum deflections are 0.50 and 0.12 in for the flat and
vertical load cases, respectively. The maximum fiber stresses in the frame members are
8.5 ksi and 6.1 ksi, respectively, for the two cases.

Finite Element Model

A beam finite element model was created (Fig. 1). Member sizes are indicated on the
figure. The constraints shown are those used for the flat-loading case; for the vertical
case, the two out-of-plane constraints at the bottom of the model were removed. The
figure represents the beam cross-sections as simple rectangles, and should be viewed as
schematic only in this regard.
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Figure 1. Finite Element Model



Load Cases

1. Strongback flat, with steel plane and self-weight, four supports
2. Strongback vertical, with steel plane and sTf-weight, two supports

These two load cases are shown in Figs. 2 and 3?‘

In both cases the 8.4 kip self-weight of the frame is calculated by the program. In the flat
load case, a total plane weight of 25 kips is distributed evenly as nodal forces over the
surface of each frame member. In the vertical load case, the entire plane weight is
assumed to act at only two locations on the bottom frame member.
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Figure 2. Flat Load Case
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Figure 3. Vertical Load Case

Results

Flat Load Case

The deformed frame shape for the flat load case is shown in Fig. 4. The maximum
deflection of 0.50 in occurs at the location shown.

Fig. 5 shows the maximum stresses (axial plus bending) in the frame. The maximum is
8.5 ksi and occurs in the W16x40 members, midway between the two support supporting
locations, as shown by the red region in the figure.
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Figure 4. Deformed shape for Flat Load Case
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Figure 5. Maximum stresses for Flat Load Case




Vertical Load Case

The deformed frame shape for the vertical load case is shown in Fig. 6. The maximum
deflection of 0.12 in occurs at the location shown.

The maximum stress (combined axial and bending) is 6.1 ksi, and occurs at the bottom of
the frame, near the two points at which the entire plane loading is applied. This is shown
in Fig. 7.

maximum deflection = 0.12 in.

Figure 6. Deformed shape for Vertical Load Case
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Figure 7. Maximum stresses for Vertical Load Case

Detailed Member Forces and Moments

Appendix A contains element and node maps, and a listing of all member forces in the
element coordinate system. This information can be used for a member-by-member
verification of these results.



Appendix A
Member Forces and Moments
Figs Al and A2 shows the model node and element numbering, respectively. Tables Al

and A2 give the member forces and moments (in the element coordinate system) for cach
load case.

Bt
171 ; 15 (k!
i . P
110 7 -
11 TS
4
A KR &

Figure Al. Node numbering



Figure A2. Element numbering
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.00000E+00 ~11606.
.00000E+00 -9968.6
.00000E+00 11235.
.00000E+00 12453,
.00000E+00 12698,
.00000E+00 11972.
.00000E+00 10273.
.00000E+00 7601.4
.00000E+00 3957.8
.00000E+00 -658.02
.00000E+00 14869.
.00000E+00 15662.
.00000E+00 15482.
.00000E+00 14330.
.00000E+00 12206.
.00000E+00 9109.7
.00000E+00 5041.0
.00000E+00-0.11045E+06
.00000E+00 -58271.
.00000E+00 -45796.
.00000E+00 -33947.
.00000E+00 -22722.
.00000E+00 -12122.
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.00000E+00 7203.0
.00000E+00 15929.
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.00000E+00 9834.4
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.00000E+00 -10568.
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.00000E+00 -4404.5
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15943. 15998.
15998. 16054.
16054. 16109.
16109. 16165.
16165. 16220.
16220. 16275.
16558. 16616.
1661¢6. 16674.
16674. 16732.
16732. 16790.
16790. 16849.
16849. 16907.
17217. 17276.
17276. 17335.
17335. 17394.
17394. 17454.
17454. 17513.
17513. 17572.
16634. 16667.
16667. 16700.
15943. 15998.
15998. 16054.
16054. 16109.
16109. 16165.
16165. 16220.
16220. 16275.
16558. 16616.
16616, 16674.
16674, 16732.
16732. 16790.
16790. 16849.
16849. 16907.
17217. 17276
17276. 17335,
17335, 173%94.
17394 . 17454 .
17454 . 17513 .
17513. 17572.
16634, 16667 .
16667. 16700.
1540.9 1540.9
1540.9 1540.9
1540.9 1540.9
1540.9 1540.9
1540.9 1540.9
1540.9 1540.9
1540.9 1540.9
0.00000E+00 0.00000E+00O
2011.3 2011.3
2011.3 2011.3
2011.3 2011.3
2011.3 2011.3
2011.3 2011.3
2011.3 2011.3
2011.3 2011.3
1471.3 1471.3
1471.3 1471.3
1471.3 1471.3
1471.3 1471.3
1471.3 1471.3
1471.3 1471.3
2070.2 2070.2
2070.2 2070.2
2070.2 2070.2
2070.2 2070.2

~-17

0.90949E-12 0.90949E-12
0.11369E-11 0.11369E-11

28.

17.
17.

0.44884E-09 O:44884EMO9
0.448158~09 0.44815E-09

110
47 .
-15 .
-78.
-141
-204
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73.
82.
19.
-43.
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-168.
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199.

133
66 .

~0.71042E-09

-66.
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66 .
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.450
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7.831
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.588
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.588
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.450
7.450
.450
.450
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.831
.831
.831
.831

831
831

.13
288
554
396
.24
.08
.92
113
650
808
035
.88
72
56
40
76
.17
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587
17
.76
17
587

-17

28.

17.

47 .
-15.
~-78.
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-204
~266
~329

0.18069E-10

19.
~43.
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-231.
-294.

~357
133
66.
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-66.
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~-199
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66.
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.450
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2070.2 2070.2 -66.587
2070.2 2070.2 ~133.17
1540.9 1540.9 -110.13
1540.9 1540.9 ~-477.288
1540.9 1540.9 15.554
1540.9 1540.9 78.396
1540.9 1540.9 141.24
1540.9 1540.9 204.08
1540.9 1540.9 266.92
0.00000E+00 0.00000E+00C -73.113
2011.3 2011.3 ~82.650
2011.3 2011.3 ~-19.808
2011.3 2011.3 43.035
2011.3 2011.3 105.88
2011.3 2011.3 168.72
2011.3 2011.3 231.56
2011.3 2011.3 294 .40
-2159.3 -2159.3 -3277.8
~-3798.5 -3760.6 -792.17
-3760.06 -3722.7 ~753.47
-3722.7 -3684.8 ~714.76
~3684.8 -3646.8 -676.06
-3646.8 -3608.9 -637.35
-3608.9 -3571.0 ~-598.64
-3571.0 -3533.1 -559.94
-3533.1 ~3495.2 ~-521.23
-2790.4 -2758.3 2159.3
-2401.0 -2342 .4 148.00
-2342.4 -2283.8 148.00
-2283.8 -2225.1 148.00
~2225.1 -2166.5 148.00
-2166.5 ~2107.8 148.00
-2107.8 -2049.2 148.00
-1646.3 -1590.8 ~1392.9
-2108.2 -2070.3 162.83
-2070.3 -2032.4 124 .12
-2032 .4 -1994 .5 85.414
-1994.5 -1956.7 46.708
-1956.7 -1918.8 8.0016
-1918.8 ~1880.9 -30.705
~1880.9 ~1843.0 ~-69.411
-1843.0 ~-1805.2 ~108.12
-1392.9 -1392.9 1157.6
-1410.7 ~-1410.7 165.08
-1410.7 -1410.7 110.05
-1410.7 -1410.7 55.027
-1410.7 -1410.7 0.36550E~10
-1410.7 -1410.7 -55.027
-1410.7 -1410.7 ~-110.05
-1392.9 ~-1392.9 -1103.7
-1805.2 -1843.0 146.82
~-1843.0 -1880.9 108.12
-1880.9 -1918.8 69.411
-1918.8 ~1956.7 30.705
-1956.7 -1994.5 -8.0016
-1994.5 -2032.4 -46.708
-2032.4 -2070.3 -85.414
-2070.3 -2108.2 -124.12
-1590.8 -1646.3 1392.9
-2049.2 -2107.8 ~-148.00
-2107.8 ~-2166.5 ~-148.00
-2166.5 -2225.1 -148.00
-2225.1 -2283.8 -148.00
-2283.8 -2342 .4 -148.00
-2342 .4 -2401.0 -148.00
-2758.3 -2790.4 -2159.3

~-133.17
-199.76
-47.288
15.554
78.396
141.24
204.08
266.92
329.77
0.36501E-10
-19.808
43.035
105.88
168.72
231.56
294 .40
357.25
-3223.9
~753.47
-714.76
~-676.06
~637.35
-598.64
-559.94
~521.23
-482.52
2159.3
148.00
148.00
148.00
148.00
148 .00
148.00
-1392.9
124.12
85.414
46.708
8.0016
-30.705
-69.411
~-108.12
~146.82
1103.7
110.05
55.027
0.25533E-10
~55.027
~-110.05
-165.08
~-1157.6
108.12
69.411
30.705
~-8.0016
~46.708
-85.414
-124.12
-162.83
13%82.9
-148.00
-148.00
~148.00
-148.00
~148.00
-148.00
-2159.3

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+0Q0
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+0C
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00C
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+0Q0
.00000E+0O
.00000E+00
.00000E+00
.00000E+00

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+Qe
.00000E+0¢
.00000E+0C ¢
.00000E+0 ¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0e¢
.00000E+0¢
.00000E+0 ¢
.00000E+0¢
.00000E+0¢
.00000E+0
.00000E+0¢
.00000E+0¢
.00000E+0Q¢
.00000E+0¢
.00000E+0¢
.00000E+0 e
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+Q¢
.00000E+0¢
.00000E+0e¢
.00000E+0¢
.00000E+0¢
.00000E+0 9
.00000E+Ce
.00000E+0 ¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0 9
.00000E+0¢
.00000E+0¢
.00000E+0 ¢
.00000E+0¢
.00000E+0¢
.00000E+0¢
.00000E+0¢



132  -3495.2 -3533.1 482 .52
133 -3533.1 -3571.0 521.23
134 -3571.0 ~-3608.9 559.94
135 -3608.9 -3646.8 598.64
136 -3646.8 ~-3684.8 637.35
137 -3684.8 -3722.7 676.06
138 -3722.7 -3760.6 714.76
139 -3760.6 -3798.5 753.47
140 -2159.3 -2159.3 3223.9
141 -2130.7 ~-2130.7 -12665.
142 -2130.7 -2130.7 -110.05
143  -2130.7 -2130.7 -55.027
144 -2130.7 -2130.7 -0.25636E-10
145 -2130.7 -2130.7 55.027
146 -2130.7 -2130.7 12610.

MINIMUM VALUES

ELEM 84 139 141

VALUE -3798.5 ~-3798.5 ~-12665.

MAXIMUM VALUES

ELEM 38 38 146

VALUE 17513. 17572 12610.

521.
559.
598.
637.
676.
714.
753.

792

17

327&.8
~-12610.
-55.027

0.71747E-10

55.027

110.

05

12665.

141
-12610.

146
12665.

OO OO ODODODDODOOOOOO0O

.00000E+00
.00000E+00
.00000E+00
.00000E+0Q0
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00

1

1

OO DO OODODOOODOTCOOO0O

.00000E+Q ¢
.00000E+0 ¢
.00000E+0¢
.00000E+0C ¢
.00000E+0¢
.00000E+0 ¢
.00000E+0 ¢
.00000E+0 ¢
.00000E+0¢
.00000E+0¢
.00000E+Q ¢
.00000E+0¢
.00000E+0 ¢
.00000E+0 ¢
.00000E+0¢

1

0.00000E+00 0.00000E+0OC

]

0.00000E+00 0.00000E+00



Bob Woods

Page 1 of 4

From:
To:
Sent:

PRINT ELEMENT TABLE ITEMS PER ELEMENT
wadkork POSTT ELEMENT TABLE LISTING ot

STAT CURRENT CURRENT

Bob Wands <wands @ rdalph3.fnal.gov=

<rjwoods @fnal.gov>

Tuesday, January 23, 2001 1:05 PM

ELEM FORZ_I FORZ_J

1
2

O~ O\ L e W

O

,M;_M
D WO DD e O

S VU O G U SO
0~ Oy W

I
S =

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

-4341.5
-4176.6
-4011.6
-3846.6
~3681.6
-3516.6
-895.26
S122.19
-549.12
-376.05
-202.99
-29.918
2341.0
2517.3
2693.6
2869.9
3046.2
5766.6
5865.6
~4341.5
-4176.6
-4011.6
~3846.6
-3681.6
-3516.6
~895.26
=722.19
-549.12
-376.05
-202.99
-29.918
2341.0
2517.3
2693.6
2869.9
3046.2

-4176.6
-4011.6
-3846.6
-3681.6
-3516.6
-3351.7
~722.19
~549.12
-376.05
-202.99
-29.918
143.15
2517.3
2693.6
2869.9
3046.2
3222.5
3398.9
5865.6
5964.7
~4176.6
~4011.6
-3846.6
-3681.6
-3516.6
-3351.7
~722.19
-549.12
-376.05
-202.99
-29.918
143.15
2517.3
2693.6
2869.9
3046.2
3222.5

1/23/01



Bob Woods

Page 1 of 4

From:

To:

Sent:
PRINT ELEMENT TABLE ITEMS PER ELEMENT

wascikx POST1T ELEMENT TABLE LISTING ot

STAT CURRENT CURRENT

Bob Wands <wands @rdalph3.inal.gov>

<riwoods @fnal.gov>

Tuesday, January 23, 2001 1:05 PM

ELEM FORZ 1 FORZ_J

1 -4341.5
2 -4176.6
3 -4011.6
4 -3846.6
5 -3681.6
6 -3516.6
7 -895.26
g -722.19
9 -549.12
10 -376.05
11 -202.99
12 -29918
13 2341.0
14 2517.3
15 2693.6
16 2869.9
17 3046.2
18 3222.5
19 5766.6
20 5865.6
21 -4341.5
22 -4176.6
23 -4011.6
24 -3846.6
25 -3681.6
26 -3516.6
27 -895.26
28 -722.19
29 -549.12
30 -376.05
31 -202.99
32 -29.918
33 2341.0
34 25173
35 2693.6
36 2869.9
37 3046.2

-4176.6
-4011.6
-3846.6
-3681.6
-3516.6
-3351.7
~7122.19
-549.172
-376.05
-202.99
-29.918
143.15
2517.3
2693.6
2869.9
3046.2
3222.5
3398.9
5865.6
5964.7
~4176.6
-4011.6
-3846.6
~3681.6
-3516.6
-3351.7
-7122.19
-549.12
-376.05
-202.99
-29.918
143.15
2517.3
2693.6
2869.9
3046.2
3222.5

1/23/01



38
39
40
41

wik POST] ELEMENT TABLE LISTING #5###

STAT CURRENT CURRENT

3222.5
5766.6
5865.6
~1603.3

3398.9
5865.6
5964.7
-1416.3

ELEM FORZ I FORZ_.J

42
43
44
45
46
47
48
49
50
51
52
53
54
56
57
58
59
60
o1
62
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

-1416.3
~1229.3
-1042.3
-855.24
-668.22
-481.20
-217.58
-1861.9
-1674.9
-1487.9
-1300.9
-1113.8
-926.83
~739.81
-594 .49
-396.33
-198.16

~1229.3
~1042.3
-855.24
-068.22.
-481.20
-294.18
0.11851E-08
~1674.9
-1487.9
-1300.9
-1113.8
-926.83
~739.81
-552.779
~396.33
-198.16
0.48133E-08

0.49277E-08 198.16

198.16
396.33
~594.49
~396.33
~198.16

396.33
594.49
~396.33
-198.16
0.37935E-08

0.21919E-08 198.16

198.16

396.33
~1603.3
~1416.3
-1229.3
~1042.3
-855.24
~068.22
-481.20
-217.58
-1861.9
-1674.9
-1487.9
-1300.9
-1113.8
-926.83
-739.81

396.33
594.49
-1416.3
~1229.3
-1042.3
-855.24
-668.22
-481.20
-294.18
0.19558E-09
~1674.9
-1487.9
~1300.9
~1113.8
-926.83
-739.81
-552.79

Page 2 of 4

1/23/01



Page 2 of 4

38 3222.5 339809
39 5766.6 5865.6
40 5865.6  5964.7
41 -1603.3  -1416.3

##4% POST1 ELEMENT TABLE LISTING ###++

STAT CURRENT CURRENT
ELEM FORZ.1 FORZ_.J
42 -1416.3  -1229.3

43 -1229.3  -1042.3

44 -1042.3 -855.24

45 -855.24 -668.22

46 -668.22 -481.20

47 -481.20  -294.18

48 -217.58 0.11851E-08
49 -1861.9 -1674.9

50 -1674.9 -1487.9

51 -1487.9  -1300.9

52 -1300.9 -1113.8

53 -1113.8  -926.83

54 -926.83  -739.81

55 -739.81  -552.79

56 -594.49  -396.33

57 -396.33  -198.16

58 -198.16  0.48133E-08
59 0.49277E-08 198.16
60 198.16  396.33

61 39633 59449

62 -594.49  -396.33

63 -396.33 -198.16

64 -198.16  0.37935E-08
65 0.21919E-08 198.16
66 198.16  396.33

67 39633  594.49

68 -1603.3  -1416.3

69 -1416.3  -12293

70 -1229.3 10423

71 -1042.3  -855.24

72 -855.24  -668.22

73 -668.22 -481.20

74 -481.20 -294.18

75 -217.58  0.19558E-09
76 -1861.9 -1674.9

77 -1674.9 -1487.9

78 -1487.9 -1300.9

79 -1300.9 -1113.8

80 -1113.8 -926.83

81 -926.83 -739.81

82 -739.81  -552.79

1/23/01
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