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There is an OH module assembly stand in use at IB4. This design
has been approved by safety, as presented by Mike Foley, and has been
successfully used. Another one is needed at the D-zero assembly building,
but some modifications need to be made. This report will show that the
new modified design is at least as strong, if not stronger, than the older
IB4 design in every aspect.

Since the weight distribution of the OH modules on the sling is
indeterminate, this report compares three cases of support for the entire
assembly: the lowest two beams only, the lowest four beams only, and all
six beams. In each of these cases, the new design is stronger than the old
design in maximum allowable weight.

The ability of the the cradle to support the weight is also shown. For
all of the failure conditions except for two, the cradle is stronger than the
beams that it supports. In the two excepted situations, the calculated limit
of the cradle is less than the beams it supports. This is because no credit is
taken for the sling and strongback, which in reality will relieve much of
the horizontal load. See page seven in appendix A.

Referenced is the AISC "Manual of Steel Construction”, eighth edition,
as well as the old design calculations by Mike Foley (apdx. B).
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Table 1
ngggriggn of DAB strap beams to IB4 design

0

Supporting #of beams Limiting ‘ AISC Max Allow, Ibs Actual Apx A
Caxe DAB (184) Condition 1B4 Design DAB Design Eorce Page
Case 1. 2 (1) Shear 148,000 500,200 ind.** 4,5

Bending 25,400 36,500 ind.** 4,5

Cradle {imit* - 263,000 ind.** 12

Case 2: 4 (3) Shear 421,300 1,442,500 ind.** 4,5
Bending 72,500 105,300 ind.** 4,5

Cradle limit* - 136,300 ind.** 12

Case 3: 6 (5) Shear 630,600 1,923,400 73,200 4,5
Bending 108,400 140,400 73,200 4,5

Cradle limit* - 158,200 73,200 12

*Assumes Coefficient of friction of >= 0.25
**Indeterminate, but less than 73,000 1lbs
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mparison of Cradl ngth r ren
Weight Limiting ~ Max Radial Weight (Ibs)

Component Condition AISC allow, Beam limit Page
Inside (W1) Column stability 134,000 18,600 6
Lateral support No limit, friction is adequate 8

Middle (W2) Column stability 161,800 37,200 6
Lateral Weld Shear 279,400 37,200 9

Lateral Weld Bending 41,400 37,200 9

Outside (W3) Column stability 172,700 24,800 6
Column Bending *17,220 24,800 10

Lateral Weld Shear 97,700 24,800 9

Lateral Weld Bending *14,490 24,800 9

Skip weld shear 323,300 24,800 11

* Though credit is not taken for the sling and strongback in any
calculations in this report, it will significantly relieve the horizontal force
for these two conditions. See page 7, apx A.
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Appendix A
New Design Calculations

Note #3740.225-EN-262
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Appendix B
IB4 Design Calculations
Mike Foley

Note #3740.225-EN-262
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ADDENDUM B

 D-Zero Engineering Note

#3740.225-EN-262
Keith Primdahl

Revised: 11 / 9/ 90
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The EC cryostat has been found to be undersize [in radius] in the region where
OH module 2 and OH module 3 are joined. Furthermore the location of the
support feet on the beam (aka strongback), which is driven by the socket
location on the cryostat, was moved outboard slightly. This change
inadvertently lowered the beam and strap (aka strongback and sling) relative
to the cryostat. These changes have resulted in interferences which prevent
the use of the 4" x 4" solid cradle beams in tkis location.

Recall that in designing the cradle for D-Zero Assembly Building, DAB our
primary criteria was to make it as strong, or stronger, than the cradle
previously used at Industrial Building 4, IB4. Since the distribution of loads
scemed indeterminate, the solid cradle beams were designed so that the bottom
four (two 4" x 3" and two 4" x 6" solid beams of 4150 steel) could support far
more than the entire load. Referring to page 2 of the original note, these four
solid cradle beams alone are code allowable for 105,300 lb while six OH modules
weigh in at 73,200 Ib.

Furthermore, a more careful analysis of the structure revealed that certain
forces, previously considered to be indeterminate, can actually be resolved.
For the configuration where the two 4" x 4" solid cradle beams are not
installed, this Addendum considers two cases:

Case A) Four OH modules installed
Case B) Six OH modules installed

The case where only the first two modules are installed is considered trivial
since the load will clearly be taken by the bottom four solid cradle beams.
Results, summarized in table B-1, indicate that the four solid cradle beam

configuration is acceptable.

Table B-1
Comparison of Strap Strength to Allowable

Limiting Stress (psi)
CaseA Tension +Bending 18,000 7100 B3
Shear 12,000 150 B3
CaseB Tension +Bending 18,000 16,000 B12
Shear 12,000 350 Bi11
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St Imput  Name — Qutput  Unit

A
case 'CASE_1c
17 mat 1#
matl 'Steel_AS
plot
table
48 L in
16 a in
L = 596 W 1b
! E 2.987 psi
4 I in™4
1 z in
18 x in
-2872.519 1b
M 43750.667 in-1b
theta -.0001714 rad
v -.0531454 in
at
e 8’7 ~ sty g psi
o ’ \ —
RA (3093.481_1b>
MA 0 in-1b
thetaa -.0043888 rad
vA 0 in
o~
RB 2872.519 1b
MB -42424,89 in-1b
thetaB 0 rad
vB 0 in
vo PR é6-/2

Comment.

Left simple support, right fixed
Table 3 Case 1 -~ Roark & Young (6 ed)
Concentrated Intermediate Load

Page 100

End Restraints Reference Number
Material Number (See Material Table)

Generate plots ? 'y=ves (Default=no}
Generate a table? ‘'y=ves (Default=no)
Length of beam

Load distance from left end
Load
Young's Modulus
Area moment of inertia
Neutral axis to stress point
AT SECTION:

Distance from left end
Transverse shear

Bending moment

Slope

Deflection

Fiber stress at stress point
Max Fiber stress at extremity y
AT LEFT END:

Vertical reaction

Bending moment

Slope

Deflection
AT RIGHT END:

Vertical reaction

Bending moment

Slope

Deflection

E- %



St Input Name Qutput Unit
case ‘CASE 1c¢
17 matl#
matl 'Steel AS
plot
table
48 L in
14 a in
ff = 1791 W 1b
3 E 2.9E7 psi
4 I in™4
1 z in
18 b4 in
v -761.343 1b
M 11369.818 in-1b
theta .000013 rad
Y -,0149627 in
st (2842.455 psi>
g-1 - sty "~ psi
ro
RA (129 1h
MA 0 in-1b
thetaA -.0013014 rad
vA 0 in
o~
RB 761.343 ib
MB +~11470.48 in-1b
thetaB 0 rad
vB 0 in
yo P E-1/2

Comment

Left sinple support, right fixed
Table 3 Case 1 - Roark & Young (6 ed)
Concentrated Intermediate Load

Page 100

End Restraints Reference Number
Material Number (See Material Table)

Generate plots ? 'y=yes (Default=noc)
Generate a table? 'y=yes (Default=no)
Length of beam
Load distance from left end
Load
Young's Modulus
Area moment of inertia
Neutral axis to stress point
AT SECTION:
Distance from left end
Transverse shear
Bending moment
Slope
Deflection
Fiber stress at stress point
Max Fiber stress at extremity vy
AT LEFT END:
Vertical reaction
Bending moment
Slope
Deflection
AT RIGHT END:
Vertical reaction
Bending moment
Slope
Deflection

Dy



St Input Name  Qutput  Unit

f\
case 'CASE_1c
17 mat1l#
matl 'Steel_AS
plot
table
48 L in
~11 a in
7 = 2687 W 1b
¥ E 2.9E7 psi
4 1 in~4
1 z in
18 x in
v 807.487 1b
M -13222.24 in-lb
theta -.0001009 rad
Y .0191153 in
st DS
sty ' psi
ro P8
RA
MA 0 in-1b
thetad .0046196 rad
YA 0 in
—
RB ~907.487 1b
MB 14002,372 in-1b
thetaB 0 rad
vB 0 in
T0 P B2

Commuent.

Left simple support, right fixed
Table 3 Case 1 - Roark & Young (6 ed)
Concentrated Intermediate Load

Page 100

End Restraints Reference Number
Material Number (See Material Table)

Generate plots ? 'y=yes (Default=no)
Generate a table? ‘y=yes (Default=no)
Length of beam
Load distance from left end
Load
Young's Modulus
Area moment of inertia
Neutral axis to stress point
AT SECTION:

Distance from left end
Transverse shear

Bending moment

Slope

Deflection

Fiber stress at stress point
Max Fiber stress at extremity y
AT LEFT END:

Vertical reaction

Bending moment

Slope

Deflection
AT RIGHT END:

Vertical reaction

Bending moment

Slope

Deflection
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Appendix C
Drawings

Note #3740.225-EN-262
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