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November 23, 1998

To: Win Baker, CDF Upgrade ES&H Review Committee Chair
From: Fritz Lange, CDF Mechanical Safety Subcommitiee B S S S R

Subject: Review of CDF COT Rotating Fixture and Support Stand

The Safety Panel met with Rafael Silva on November 5 and November 13, 1998 to
review a fixture that will be used to lift and rotate the Central Outer Tracker. In
addition, the panel reviewed the design of a structure that will permanently
support the Tracker after it has been rotated.

The panel agrees that, in principle, the design of both structures is sound and
follows safe practices. The panel understands that, since the review took place,
the flipping fixture has been load tested. The panel was not asked to review the
procedure for using the fixture.

As is customary, the panel considers safe design practices, but does not offer
formal opinions on the functionality of the design. Nor does it routinely check
for arithmetic errors.

cc: R. Silva
J. Howell
A Lee
R. Rucinski
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CDF JHA/WORK PERMIT

JOB NAME: Flipping of the Central Outer Tracker
LOCATION: IB4 Building

EST. START DATE: 22NOV98 EST. JOB DURATION 1 day

WORK TO BE PERFORMED BY: _ CDF Personnel

RESPONSIBLE ENGINEER: Rafael Silva PHONE: 8311
PERSON IN CHARGE: Ken Schultz PHONE: 3377

DESCRIPTION OF WORK:

The goal is to reposition the COT from vertical to horizontal and place

it into’ a fixture that will allow the installation of sense and field

planes. This work consists of the following steps:

1) Move the COT assembly fixture (Gallows including the COT
chamber) from the clean room into the crane area in I1B4;

2} Disassemble parts of the Gallows to allow access to the COT;

3y Utilizing the Flipping Fixture (Lifting Device ID#91), extract the
detector from the Gallows and turn it from the vertical to the
horizontal position;

4y Place the COT onto the Rotation Fixture, then detach and remove
the Flipping Fixture;

5) Move the Rotation Fixture with the COT back into the clean room.

Both the Flipping Fixture and the Rotation Fixture have been
reviewed and approved by the CDF Mechanical Safety Committee.

Weight of components:
Gallows: 11,700 1b.

COT chamber: 3,600 Ib.
Flipping Fixture: 1,9001b.
Rotation Fixture: 1,300 1b.



ASSOCIATED HAZARDS:

1) Standard hazards involved in rigging operations, which can result
in injuries to personnel.

2) Expensive, critical object being moved as described above.

3) Could run out of time and not finish the job in 8 hours.

HAZARD MITIGATION:

1) All personnel involved in the lift will have the following Personal
Protect Equipment (PPE); hard hats, safety shoes and gloves.

2) All crane and forklift operators are trained and qualified and all
lifting equipment will be visually inspected prior to being used in
this lift.

3) A pre-lift meeting will be held to coordinate the activities.

4) Experienced personnel will be conducting the operation as follows:
The Person in Charge, Ken Schultz,, who has successfully
performed similar operations involving conjunct use of the crane
and forklift to perform a lift, will function as the_crew foreman
and will act as the primary crane and forklift operator. In the
absence of Ken Schultz, the work will cease.

Kourosh Taheri = will function as a_crew member and secondary
crane operator.

KC Kirksey, Jason Griffin and George FEddy will function as crew
members, responsible for monitoring clearances, steadying the
components with tag lines and bolting/unbolting parts of the
assembly.

At least one of the Physicist Project Managers (Aseet Mukherjee
and Bob Wagner) will be present during this operation.

5) If the job looks like it will run over 8 hours, contact Rich Stanek
who will approve the exira time or determine a safe and

reasonable break peimt,
PREPARED BY: 3 @g%//gwww DATE: Mqﬂﬁ%m

¥

=

APPROVED BY: ? DATE: z@fé/}ﬁf[?ﬁw




Is work being performed in close proximity to beams division
equipment?

_Yes _X__No

Note:  This work is being performed in the IB4 Building (which is owned by

the Technical Division). The IB4 Building Manager, Art Paulson, has been
informed that this work will be taking place.



CDF / COT Flipping Procedure

November 19, 1998

Elaborated by Aseet Mukherjee, Ken Schultz, Rafael Silva, Rich Stanek and Bob Wagner.

QOutside Clean Room (preliminarv):

o

- W

i

Sweep entire floor area from overhead door to the end of COT office space, before Gallows is
removed from clean room.

Clean, position and prepare the Rotating Fixture.

Position and prepare the Flipping Fixture (Lifting Fixture ID#91).

Inspect all slings that will be used during the procedure.

Check operation of the IB4 crane and forklift.

Inside Clean Room:

4.

6.

Finish assembly and survey of structural components of COT. NOTE: Leave the 4x4x1/8
aluminum stiffeners in place on the chamber for added stability during flipping.

Detach and remove T-Bars, Angle Plates, Struts and related hardware from the top of the
COT and from the upper octagon of the Gallows.

Install the Flipping Fixture spreader bars and hardware torquing the bolts up to 35 ft-Ib.
Detach but do not remove all but two diametrically opposed T-Bars (#5 & #11) and related
hardware from bottom of COT. Keep all T-Bars, Angle Plates, Struts, and related
hardware aftached to the bottom octagon of the Gallows (This allows the weight of the COT
to be distributed to all T-Bars, while minimizing stresses induced by the Gallows to the COT
chamber during movement).

Install dust covers.

Remove taper pins and bolts from all connections between the diagonal braces and the top

octagon.

10. Remove taper pins from the connection between the lower diagonal braces and the bottom of

the NE column of the Gallows.



11. Remove all bolts from the top of each column except for the outside corner bolts that should
remain attached.

12. Install riser blocks for rollers on gallows.

13. Raise Gallows and detach columns from grouted base, removing grout from these areas.

14. Place G-10 plates on floor and place rollers under riser blocks.

15. Lower the Gallows on to rollers.

16. Move the Gallows out of the Clean Room. NOTE: Check clearances between Gallows and

doorway as the assembly is moved (approximate clearance is 1.5 “).

QOutside Clean Room:

NOTE: The removal of the top octagon involves the use of a conjunct lift using both the crane
and forklift. This requires close coordination of the movements. A distant observer will be used
to synchronize the movements so that the top octagon is kept level at all times during the lift.
17. Position the forklift on the east side of the Gallows at the centerline of the cross bar. Spread
forks apart o their furthest width (approximately 36"). Position forks to place load in
contact with the mast, so that the full length of the forks is underneath the octagon.
NOTE: This will help stabilize the load.

18. Attach slings to the corners of the west side of the Gallows to pick with the crane.

19. Remove four remaining bolts from the top octagon of Gallows and lift this piece to allow
clearance for the next step (approximately 4”).

20. Move the COT and Gallows assembly west (out from under top octagon) by attaching slings
to the legs of the Gallows and pulling it out of the way. NOTE: Do not walk underneath the
load of the top octagon.

21. Lower top octagon to the floor (using both the crane and forklift in a synchronized manner),
then resling and lift with the crane only and place it at the north end of the building.

22. Attach slings and tag lines to NE column.

23. Remove bolts from the connection between the NE column, including the diagonal braces,
and the bottom octagon. NOTE: Be careful to check stability of the column before it is fully
detached.



24. Detach NE column and its diagonal braces from bottom octagon and remove with crane
placing them in the same general location as top octagon.

25. Pick Flipping Fixture with the crane, attach it to spreader bars and lock them together to
prevent rotation.

26. Remove the remaining bolts connecting the COT to the bottom T-Bars.

27. Check all rigging/ fixturing to be sure all connections are properly made. Install tag lines to
help steady the COT chamber during the lift.

28. Lift the COT to allow clearance for moving the remaining part of the Gallows out of the way.
(Again, this is approximately 4”) First move it to the center of the aisle and then outside
through the overhead door. Position the COT in the proper orientation for flipping.

29. Install dust cover and supports on bottom of COT. Install 3 rail segments on each end of
the COT centered between Flipping Fixture spreader bars.

30. Unlock spreader bars and flip COT slowly using tag lines to steady.

31. Position Rotation Fixture under COT and lower the COT onto if.

32. Detach spreader bars from Flipping Fixture and place Flipping Fixture in the same general

location as top octagon.

checking clearances. However, there is quite a bit of clearance available in this orientation.

Back Inside Clean Room:

35. Position Rotation Fixture with COT in the Clean Room.
36. Place jacks (12 to screw jacks) underneath lift-brackets.
37. Raise Rotation Fixture with COT.

38. Remove rollers and lower Rotation Fixture with COT.
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1. Overview

The CDF/COT detector is going to replace the CDF/CTC detector. The 3D drawing of
the COT assembly and its main structural components - end plates, outer cylinder, and
inner cylinder - can be seen in the COT Gallows Engineering Note.

The COT is assembled vertically in the structure called COT Gallows. After that, the
detector has to be removed from the COT Gallows, turned 90 degrees, and placed on the
COT Rotation fixture for the insertion of the sense and field planes.

The COT Flipping fixture is designed to lift the COT from the COT Gallows, rotate it 90
degrees and lower it to rest on the COT Rotation fixture.

The design started as a carbon copy of the CTC Flipping fixture and it was revised

and updated to meet the current codes and specifications. Whenever applicable, the
manufacturing of this fixture was required to meef or exceed the specifications and
recommendations for fabrication of the AISC/ASD and AWS D1.1 codes. In addition,
the most critical components were required to be non-destructivelly tested, as described
in the Technical Specification For The Fabrication of CDF / COT Flipping Fixture
attached.

Note: Throughout this note, except for the list of drawings, drawing numbers are

referred only by their 3 last digits. For instance, drawing number 2563.244-ME-339288 is
referred as dwgi#288.

2. Structural Analysis

The COT Flipping fixture was design to meet the ANSI/ASME B30.20-1985 “Bellow-the-
Hook Lifting Devices” standard and 1987 addenda. The two basic design
recommendations of this standard and its addenda are:

e  Minimum design factor of 3 over the rated load, based on yield strength (20-1.22,
p.21) and
e Load test with 125% of the rated load (20-1.4.2, p.22).

2.1 Allowable stresses

The general design criteria adopted were the following:



Hand Calculations:

e  Stresses:
individual stress components should be in accordance with the most stringent of the
following codes:
¢  AA or AISC/ASD (whichever applicable)
¢ ASME B30.20
e Stability (if required):
¢  AA or AISC/ASD (whichever applicable)

Finite Element Analysis:

e Stresses:
Maximum Von Mises stresses (nodal averaging) < 1/3 of the Yield Strength (based
on ASME B30.20).

o  Stability (if required):
Buckling Load Factor (linear buckling) > 5 (see references below).

Published safety factors for buckling vary according to the application, but greater than
5 is confortably above some traditional references as, for instance, ASME sec. II, apendix
3, item 3-600 (c) (1), p.705, which addresses axial compression of thin cylinders -
experimentally known to be one of the cases that most diverges from buckling theories -
or AA, tb. 3.3.3, p.17, which covers aluminum structures.

Some cases, individually and specifically analyzed, may require different safety factors.
The most severe loading condition happens during operation. The general philosophy
in this note is to verify the stresses in the most critical members and connections only.

2.1. Loads and Analysis

The following are the estimated weight of the parts:

Weor = 3,600Ib
\4 Hipping = 1 fQOO Ib
Wrotal = 55001b

The following analysis is conservative and simplified. It is assumed that the structure
has to withstand Wrow= 5,500 Ib, plus 10% (550 1b) lateral loading. The next page
contains a table summmarizing all cases analyzed, and the calculations follow.
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Item: a
File: FEA_a.doc

F.E.A. of the COT Flipping Fixture - Corner Support Bracket

1. Parameters used

E =10 . 106 psi
Y = (0.3

Geometry as defined by dwgi#289.

2. Model

- Boundary conditions:  surfaces of 5/8-11 UNC-2B in dia. holes are restrained from
translations.

- Loading: 2,750 Ib (conservative) applied on surface of 1.5 in dia. hole.

Loading was in plane parallel to XZ plane. Load was applied in
the +X direction.

- Meshing: free, approximate mesh size of 3/4 in.
- Elements: Family: Solid,
Order: Parabolic,

Topology:  Tetrahedron.

- Program: SDRC I-DEAS Master Series v. 4.0 / Simulation.
- Analysis: Linear Statics

3. Results

The maximum (Von Mises) stress is 5.4 ksi, which indicates a safety factor in relation to the
yield strength of 6.7 when half of the full load is applied to the bracket. These stresses are
also very localized.

This means that the member is OK .
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Item: b
File: FEA_b.doc

F.E.A. of the COT Flipping Fixture - End Plate Mounting Support

1. Parameters used

E =10 . 106 psi
v = 0.3

Geometry as defined by dwg#290.

2. Model

- Boundary conditions:  surfaces of .656 dia. holes are restrained from translations.

- Loading: 2,750 1b (conservative) applied on surface of 1-8 UNC 2B hole.
Refer to the meshed model picture for the orientation of the axes.
Loading was always in plane parallel to XZ plane. Four cases
were investigated, varying the direction of the load: in relation
to the Z axis, loads were at 0°, 45°, 90° and 270°.

- Meshing: free, approximate mesh size of 3/4 in.

- Elements: Family: Solid,
Order: Parabolic,
Topology:  Tetrahedron.

- Program: SDRC I-DEAS Master Series v. 4.0 / Simulation.

- Analysis: Linear Statics

3. Results

The maximum (Von Mises) stress from all four loading cases is 6.8 ksi, which indicates a
safety factor in relation to the yield strength of 5.1 when half of the full load is applied to the
support. These stresses are also very localized.

This means that the member is OK .
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| RESULTS: 3- B.C. 1,LOAD 1,STRESS_3

STRESS - VON MISES MIN: 4.38E+00 MAX: 6.84E+03
DEFORMATION: 1- B.C. 1,LOAD 1,DISPLACEMENT_1
DISPLACEMENT - MAG MIN: 0.00E+00 MAX: 1.11E-03 VALUE OPTION:ACTUAL

FRAME OF REF: PART
6.84E+03

6.16E+03

5.47E+03

4.79E+03H

4 .11E+0314

3.42E+03|

2.06E+03|

1:37E+03

6.88E+02

4.38E+00




Item: ¢
File: FEA_c.doc

F.E.A. of the COT Flipping Fixture - Lifting Assembly

1. Parameters used
E =29 . 106 psi
v =0.29
Geometry as defined by dwg#295.

2. Model
Four cases were analyzed, with different load conditions and constrains.

- Boundary conditions: ~ The two ends of each spreader bar were constrained. One end
was constrained in X, Y and Z (translations). The other end was
constrained as shown in the table bellow.

Other end of spreader Load Load magnitude
Case ,, -
bar constrains direction (Ib)
1 XY Y 5500
2 XY Y 5500
HM%WZN 550
3 XY X" 550
Y 5500
4 XY Z X" 550
Y 5500
- Loading: Loads were applied to center of channels, in the direction and
with the magnitude shown in the table above.
- Elements: Family: Beam,
Order: Linear.
- Program: SDRC I-DEAS Master Series v. 4.0 / Simulation.
~ Analysis: Linear Statics

3. Results

The maximum (Von Mises) stress from all four loading cases is 9.8 ksi, which indicates a
safety factor in relation to the yield strength of 3.7 when the full load is applied in
conjunction with a lateral load of 10% of the full load.

This means that the member is OK .
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Item: d
File: ¥2.1_d.mcd

AISC/ASD Allowable Stresses (ksi)
AISC / ASD, 9th ed P.5-48, sect. F2.1:

Weak axis bending of I-shaped members, solid bars and rectangular plates
Members with compact sections

Member: round bar

Yield strength of material:

Fy = 36

For bending (F2-1, p5-48):

Fb = 0.75:Fy

Fb = 27.0

For shear (F4, p.5-49):

Assuming h/tw <380/\Fy (63.3) = F4-1:
Fv = 40-Fy

Fv =144



Hem: d
File: C16_d.mcd

Maximum stresses
Member: Lifting Pin, dwg#297

Beam fixed at both ends, concentrated load at center
(AISC/ASD, case 16, p. 2-301)

Elastic modulus of material (psi):

Inertia moment of cross section (in%):

Cross-sectional area (in?):

Flastic section modulus (in%):

Span (in):
Load (Ib):

Yield Strength (ksi):

Pl
Mmax = —
p-1°
Amax =
192-E-1
P
Vimax = —
2
4 YVimax
EIYLAX 1= et o -
A
TINaX
1000
Mmax
TINAK =
gmax
S

(in-1b)

(in)

(Ib)

(psi)

(ksi)

(psi)

(ksi)

E - 29-10°
[ - 785

A - 3142
S .- 785

I - 7.02

P - 5500
Fy = 36.0

Mmax = 4826

Amax = 0.0004

Vmax = 2750

Trmax = 1167

omax = 6148

th =6.1



Item: e
File: FEA _e.doc

F.E.A. of the COT Flipping Fixture - Bearing Plate

1. Parameters used

E =10 . 10° psi
v = 0.3

Geometry as defined by dwg#298.

2. Model
- Boundary conditions:  welded surfaces (see picture) are restrained from translations.
- Loading: 2,750 Ib applied on surface of 1.5 in dia. hole, slightly (5/16 in)

off center - to be conservative. Loading was in plane parallel to
XY plane. Load was applied in the -Y direction.

- Meshing: free, approximate mesh size of 1/4 in.
"l ¥
- Elements: Family: Solid,
Order: Parabolic,

Topology:  Tetrahedron.
- Program: SDRC I-DEAS Master Series v. 4.0 / Simulation.

- Analysis: Linear Statics

3. Results

The maximum (Von Mises) stress is 3.4 ksi, which indicates a safety factor in relation to the
yield strength of 10.6 when half of the full load is applied to the bracket. These stresses are
also very localized.

This means that the member is QK .
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Item: g
File: B5_g.med

Compactness

AISC/ASD, 9th ed., p.5-35 and 5-36, sect. B5.1.
Classification of steel sections:

Compact, Noncompact and Slender.
Description of the element:

Circular hollow sections in flexure.

Yield strength of material (ksi):

Fy = 60

Limiting Width-Thickness Ratios, Table B5.1, p.5-36.

- Compact:
3300 -
Iwte = —— lwtc = 55.0
Fy

Width-Thickness ratio:

D=2
t= .5
D
wir = witr = 4.0

As wir (4.0) < lwtc (55.0), the section is Compact.

Notes:

1. Compact section must have flanges continuosly connected to the web.

2. Stiffened elements are supported along two edges parallel to the direction of
the compression force.

3. For compression members, K.1/r < 200 or the allowable is from E2-2.

4. For tension, K.1/r < 300, except for rods and members also under
compression.



Item: g
File: F3.1_g.mcd

AISC/ASD Allowable Stresses (ksi)
AISC / ASD, 9th od.P.5-48, sect. F3.1:

Bending of box members, rectangular tubes and circular tubes
Members with compact sections

Member: Assuming bushing as a 2 in od x 1/2 in wall tube.
Yield strength of material:

Fy = 60

For bending (F3.1, p5-48):

Fb = 0.66-Fy

Fb = 39.6

For shear (F4, p.5-49):

h = 1.0
h

......... = 2.0
tw

380

T =491

Jiﬁy
Ash/tw (2.0) £380/vEy (49.1) = F4-1:

Fv = A0-Fy

Fv = 24.0



ltem: g
File: C26_g.mcd

Maximum stresses

Member: Bushing, dwg#305

Beam overhanging one support, concentrated load at end overhang
(AISC/ASD, case 26, p. 2-305)

Elastic modulus of material (psi): E = 29 106
Inertia moment of cross section (in#): I=.736
Cross-sectional area (in?): A = 2.356
Elastic section modulus (in3): S = .736
Span (in): 1= 4.0
Overhang (in): a = 1.031
Load (Ib): P = 2750
Yield Strength (ksi): Fy = 60.0
Mmax = P-a (in-1b) Mmax = 2835
Vmax = P (Ib) Vmax = 2750
Vmax

tmax = 2o ;‘; — (psi) Tmax = 2334

Tmax
fv o e (ksi) fv = 2.3

1000

Mmax ]

omax = - 5 — (psi) omax = 3852

omax _
b = —— — (ksi) th =39



Item: h
File: EP _h.med

End Plate Flipping Fixture - spreader bar end plate thickness.

Four Tension Bolt End Plate Design.
In accordance to AISC/ASD, 9th ed., p.4-119 to 4-121.

Note: for flange and web dimensions, see definitions given on p.5-35, stiffened
elements, items a (web height) and d (flange width).

Min. distance from bolt center to tension flange (in):

Weld size (in)
Bolt diameter (in):

Depth of beam welded to end plate (in):
Flange width of beam connected to end plate (in):

Flange area of beam connected to end plate (in?):

Web area of beam connected to end plate (in?):

] . 2.750-115.0
End moment (in-kips): — -

Constant Ca from page 4-119, conservatively:

Recommended minimum end plate width (in):

Constant Cb from page 4-119:

B bolt dist.:

Constant oum from page 4-119:

Force on tension flange (kips):

Effective moment from page 4-119 (in-kips):

o Ff-Pe

e =

Required end plate thickness (in):

. 6°Me
P 27vp

) - (707 w)

Af

80

SO0

508

502

50:

Pf = 1.096 in
w = .375 in
db = 625 in
d = 6.00

bth = 2.5

Af = 1.25
AW = 50

M =395

Ca = 1.13

bp = bfb + 1
Ch = (0.845

Pe = (0.675
om = 0.613
Ff =66

Me = 0.7

tp = 0.208



Item: i

File: B5_imed

Compactness

AISC/ASD, 9th ed., p.5-35 and 5-36, sect. B5.1.
Classification of steel sections:

Compact, Noncompact and Slender.
Description of the element:

Circular hollow sections in axial compression.
Yield strength of material (ksi):

Fy = 32

Limiting Width-Thickness Ratios, Table B5.1, p.5-36.

~ Compact:
3300
wte = —— lwte = 103.1
Ey

Width-Thickness ratio:

D= 1.484
o= 2108

B
wir = wir = 7.0

As wir (7.0) < lwtc (103.1), the section is Compact.

Notes:

1. Compact section must have flanges continuosly connected to the web.

2. Stiffened elements are supported along two edges parallel to the direction of
the compression force.

3. For compression members, K.1/r < 200 or the allowable is from F2-2.

4. For tension, K.1/r < 300, except for rods and members also under
compression.



Item: i
File: F3.1_i.med

AISC/IASD Allowable Stresses (ksi)
AISC / ASD, 9th od.P.5-48, sect. F3.1:

Bending of box members, rectangular tubes and circular tubes
Members with compact sections

Member: Assuming pivot bushing as a 1.484 in od x .2105 in wall tube.
Yield strength of material:

Fy = 32

For bending (F3.1, p5-48):

Fb = 0.66 Fy

Fb =21.1

For shear (F4, p.5-49):

h = 1.063
tw = 2?@5
h )

I b@
tw

380 _
— = (7.2
by

As h/tw (5.0) < 380/NFy (67.2) = F4-1.
Fv = 4:@?’}7

Pv =12.8



Item: 1
File: C15_imcd

Maximum stresses
Member: Pivot Bushing, dwg#312

Beam fixed at both ends - uniformly distributed load

(AISC/ASD, case 15, p. 2-301)

Elastic modulus of material (psi):

Inertia moment of cross section (in%):

Cross-sectional area (in?):

Elastic section modulus (in®):

Span (in):
Total load (Ib):

TIax
(U o e
1000
Mmax
GMax = —————
[
e
gmax

(in-1b)

(in)

(Ib)

(psi)

(ksi)

(psi)

(ksi)

E - 16-10°
[ - 1754
A - 8422
S - 2364
1= 1.281
P - 2750

Mmax = 294

Amax = 5.4-107°

fv = 3.3

omax = 12472

th = 1.2



Item: i
File: E2_i.mcd

Allowable Stresses - Compression
AISC / ASD, 9th ed., p.5-42, sect. E2., allowable stresses:

COT Flipping Fixture - Pivot Bushing
Note: Material is Bronze instead of structural steel
K: Table C-C2.1, p.5-135:

K =1 (conservative)
Mechanical properties of material (ksi):

Fy = 32 E = 16000
Unbraced length of column - conservative (in):

1= 1.281
Governing radius of gyration (in):

r = (0.456

Allowable stresses (ksi):

) 237‘@20}2 ) , K-1
Ce = R Ce=993 — = 2.8
By r
, -
’[ (LK@)Z’
¥
P - Ty
- 2:Ce” . _ ,
Fal : - - Fal = 19.1 (E2-1)
ZKJE\ /:K»E\“’
B 3 ,,,,,,, \ T
5 , ¥ \ T
3 8¢ g CC%
_ i‘§2°3’t;2°1€§1 )
Fa2 = ——r Fa2 = 10440.1 (E2-2)
K-
23| ——
\ T

This means that if (K.1/r) > C¢, Fa = Fa2,
otherwise Fa =Fal.

,FaZ, Fal

K1 |
Fa - fHH@
r

Hence: Fa = 19.1




Item: i
File: Comp_i.mcd

Maximum compressive stresses

COT Flipping Fixture - Pivot Bushing

Elastic modulus of material (psi): E = 16 106
Cross-sectional area (in?): A = 0.842
Total length of column - (in): L= 1.281 (conservative)
Load from screw torque [*] (Ib): P = 5500

P" } . -4
Amax = —— (in) Amax = 52-10

E"A&

E)

ge_max = f\ (psi) oC_max = 6532

[*] Bstimated load to prevent the opening of a gap between pivot bushing
and its constrainers (spreader bar and bolt head).



Iteme 1
File: H1_i.mced

AISC/ASD Allowable Stresses (ksi)
AISC / ASD, 9th ed P.5-54, sect. H1:

Axial compression and bending

Pivot Bushing.

K: Table C-C2.1, p.5-135:

K = 1 (conservative)

Mechanical properties of material (ksi):

Fy - 32 E = 16000

Governing radius of gyration (in):
r = 0.456
Unbraced length of column (in):

1= 1.281

Combined Stresses:

Fe - o Fe = 10440

Cm = 1.0 (conservative)

. fa
fa = 6.5 Fa = 19.1 — = 0.34
e
b= 1.2 Fb = 21.1
fa Cm-fb o
H1_1:= — + ———— ~ H1 1 =040
Fa | fa
I }”b
k Fe
fa tb A
| N A — TR H1 2 =0.40
(0.60-Fy) Fb
fa ftb
H1 3 = —+ — H1 3 = 0.40
Fa Fb

Equation H1-1 governs, and as 0.40 < 1.00, the member is OK.



2.2. Analysis Of Connections:

Conservatively, to check the connections, fixed support will be assumed.

2.2.1. Welded Connections

All welds were sized to be equal or larger than the minimum size fillet weld or partial
penetration groove weld from AWS D1.1 considering the parts to be joined. The next
pages contain a summary of the welded joints analysis, drawings identifying all the
welded joints and the calculations. The electrode specified for all welded joints is E7018.

To comply with the AISC/ASD code, the criteria adopted for determining the allowable
stresses in the effective area of the welds, as long as Fu 2 1.2 x Fy and considering the
use of matching weld metal [1], is:

Allowable | Complete Parti
owable ~omplete Partial Fillet | Plug and

=t o8 Penetration | Penetration o .
Stresses ‘ "1 Weld | Slot Weld

Tn Welds | Groove Weld | Groove Weld

Tenston or

0.60x F 0.60 x By 0.60 x Fy
Compression xEY xEy o0 x Fy

0.40 x By 0.40 x Py 0.40 x Py | 0.40 x Fy
Shear or or or or
0.30 x Fw 030 xFw 1030 % Fw i 0.30 x Fw
Fy = Min. Base Metal Yield Strength [?]

Fw = Nominal Weld Metal Tensile Strength [3]

Allowable Stresses In Welds Table

These values are intended to be a conservative interpretation of on AISC/ASD, Table
J2.5, which contains the expression “Same as base metal”, for the allowable stresses in
tension and compression. This seems to allow a margin for ambiguity in its
interpretation. For clarification, two additional references were also consulted.

{1] Matching weld metals as per AWS D1.1, Table 4.1, p. 70 to 73.

[2] For base metals mechanical properties, see Members Summary Table.

[3] Nominal weld metal tensile strength is equal or smaller than minimum weld metal tensile strength:
- B60XX: nominal = 60 ksi, min. yield = 50 ksi, min. tensile = 62 ksi;
~ E70XX: nominal = 70 ksi, min. yield = 60 ksi, min. tensile = 72 ksi.



For prismatic members in tension, the AISC/ASD specifies the allowable stress in
tension to be 0.60Fy on the gross area or 0.50 Fu on the effective area (D1). So, as long as
Fu 2 1.2 x Fy, 0.60Fy on the effective area is conservative.

For beams and other flexural members, the AISC/ASD specifies the allowable stress in

shear to be 0.40Fy (F4), as long as h/tw <380/ v Fy - and this can be assumed to be
always true for any practical weld.

For compression however, the only consideration in the ASD manual seems to be about
buckling (Chapter E), and that does not appear to be applicable to welds. The
AISC/LFRD, Table J2.3, defines the allowable stresses in tension and compression to be
the same.

A third reference, Salmon and Johnson, Steel Structures - Design and Behavior, 3« ed.,
p. 245, states that:

“The allowable stresses for (1) shear on the effective area of all welds and (2) the tensile
stress normal to the axis on the effective area of a partial penetration groove weld are
equal to 0.30 times the electrode tensile strength. However, the stress in the adjacent
base metal may not exceed 0.60Fy for tension and 0.40Fy for shear.”

Hence, using 0.60Fy for tension and compression - when applicable - and the smaller of
0.30Fw and 0.40Fy for shear for all types of welds, appears to be a consistent and
slightly conservative interpretation of the ASD manual.

It should be noted that shear is not combined with normal stresses in bending of
members because these two kind of stresses are present in different parts of the
members [4]. However, in welds under off-plane bending, both kinds of stresses may be
present in the same region. So, they have to be vectorially added as shown in the
numerical example number 5.19.2 from Salmon an Johnson, Steel Structures - Design
and Behavior, 3t ed., p.283 to 285. On page 284, is also stated that:

“[...] there is no indication in the LERD tables that those tables should be used when the
load is applied such as to cause moment and shear. Thus, it may be prudent to use a
conservative elastic (vector) analysis.”

On p.285, this numerical example uses the design strength based on shear stresses. This
is the philosophy of the approach taken in this Engineering Note: for off-plane bending,
the vector sum of shear and normal stresses has to be smaller than the allowable stresses
for shear.

To also comply with the ANSI/ASME B30.20-1985 “Bellow-the-Hook Lifting Devices”,
the allowable stresses - normal and shear - are further reduced to 0.33Fy [s].

[4] See Roark and Young, Formulas for Stress and Strain, 6 ed., p.97 and Shigley and Mischke, Mechanical
Engineering Design, 5t ed., p.51.
[5] Note that Fu z 1.2 x Fy and weld metal matches base metal.
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Welded Joint: 1

File: Jointl.mcd

Calculation in accordance to Steel Structures -~ Design and Behavior,
Salmon and Johnson, 3rd ed., Harper Collins Publishers, and
this note's Allowable Stresses In Welds Table,
Elastic Vector Analysis.
Load: from item "g" (case 26, p.305).
Allowable Stresses in Partial Penetration Groove Welds:
ASD based: Tension and compression : 0.60 x Fy;
Shear: smaller between 0.30 x Fw and 0.40 x Fy;
ASME B30.20: All: 0.33 x Fy.

Nominal tensile strength of weld metal (ksi): Fw = 70

Yield strength of base metal (ksi): Fy = 46

0.60 x Fy  (ksi): Fb = 0.60-Fy Fb =27.6
0.40 x Fy (ksi): Fsb = 0.40-Fy Fsb = 18.4
0.30 x Fw  (ksi): Fsw = 0.30- Fw Fsw =210
0.33 x By (ksi): Fa = 033 Fy Fa =152
Effective throat with a=45°, te=(d-1/8) (in): te = .063

Allowable resistance (kips/in): Rw = te'Fa Rw =096
Max. shear load (kips): P o= :2;‘/-?(4 + 1.031) P =346
Length (in): L =589

Shear = —
L
S0:

Shear = 0.59 kips/in

As 0.59 kips/in < 0.96 kips/in = Weld is QK.



Welded Joint: 2

File: Joint2.mcd

Calculation in accordance to Steel Structures - Design and Behavior,
Salmon and Johnson, 3rd ed., Harper Collins Publishers, and
this note's Allowable Stresses In Welds Table,
Elastic Vector Analysis.
Allowable Stresses in Fillet Welds:
ASD based: Tension and compression : 0.60 x Fy;
Shear: smaller between 0.30 x Fw and 0.40 x Fy;
ASME B30.20: All: 0.33 x Fy.

1
Size of fillet weld (in): o= 1
Nominal tensile strengih of weld metal (ksi): Fw := 70.0
Yield strength of base metal (ksi): Fy = 36.0
0.60 xFy (ksi): Fb = 0.60-Fy
0.40 x Fy (ksi): Fsb = 0.40-Fy
0.30 x Fw  (ksi): Fsw = .30 Fw
0.33 x Fy (ksi): Fa = 033 Fy
2
Effective throat with (in): te = )~1
Allowable resistance (kips/in): Rw = te'Fa
Shear load (kips): P o= 2750
Length (in): =80
F
Shear = Mf 50 Shear = 0.34  kips/in

As 034 kips/in < 2.1 kips/in = Weld is OK.

Fb =216
Fsb =144
Few =21.0
Fa =119

te = 0.177

Rw = 2.1



Welded Joint: 3

File: Joint3.med

Calculation in accordance to Steel Structures - Design and Behavior,
Salmon and Johnson, 3rd ed., Harper Collins Publishers, and

this note's Allowable Stresses In Welds Table,

Elastic Vector Analysis.
Allowable Stresses in Fillet Welds:

ASD based: Tension and compression : 0.60 x Fy;

Shear: smaller between 0.30 x Fw and 0.40 x Fy;

ASME B30.20: All: 0.33 x Fy.

Size of fillet weld (in):

Nominal tensile strength of weld metal (ksi):

Yield strength of base metal (ksi):
0.60 x Fy  (ksi):

0.40 x Py (ksi):

0.30 x Fw  (ksi):

0.33x Fy  (ksi):

Effective throat with (in):

Allowable resistance {(kips/in):
Shear load (kips):

Bending laod (kpis-in):

Length (in)

Mom. of inertia / 1 in wide weld (:in@):

Max. dist. to center of eff. throat (in):

E}
Shear = Eﬂ 50
M
Bending = __WE_M. 50
(Z@%)

Vector sum R is:

Vector_sum := J Shear” + Bending?“
S0

Vector_sum = 1.31  kips/in

As 1.31 kips/in < 3.15 kips/in = Weld is OK.

3
l=-
8
Fw = 70.0
Fy = 36.0
Fb = 0.60'Fy
Fsb = 0.40-Fy

Fsw = 0.30 Tw
Fa = 0.33 Fy

12

te = E—-I
Rw = te'Va
P o= 1.375
M = 395
Lo=18.21
=946

cmax = 3,125

Shear = (.08

Bending = 1.30

b =21.6
Fsb = 14.4
Fsw = 21.0
Fa =119

te = 0.265

Rw = 3.15

kips/in

kips/in
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Welded Joint: 4

File: Jointd.mcd

Calculation in accordance to Steel Structures - Design and Behavior,
Salmon and Johnson, 3rd ed., Harper Collins Publishers, and
this note's Allowable Stresses In Welds Table,
Elastic Vector Analysis.
Allowable Stresses in Fillet Welds:
ASD based: Tension and compression : 0.60 x Fy;
Shear: smaller between 0.30 x Fw and 0.40 x Fy;
ASME B30.20: All: 0.33 x Fy.

Size of fillet weld (in): l:= 1—1
Nominal tensile strength of weld metal (ksi): Fw = 70.0
Yield strength of base metal (ksi): Fy = 36.0
0.60 x Fy (ksi): Fb = 0.60-Fy
0.40 x Fy (ksi): Fsb = 0.40-Fy
0.30 % Fw  (ksi): Fsw = 0.30-Fw
0.33x Fy (ksi): Fa = 0.33- Fy
. . b
Effective throat with (in): te = ~2~‘1
Allowable resistance (kips/in): Rw = te'Fa
Shear load (kips): P=275
Bending laod (kpis-in): M =55
Length (i) L =847
Mom. of inertia / 1 in wide weld (}i;{{}): L= 877

Maa. dist. to center of eff. throat (in): cmax = 1.35

Shear = 0.32

Bending = TN 50

/ »*
k cinax

Vector sum R is:

Bending = 0.85

Vector_sum := J Shear” + Bemdingz
S0
Vector_sum = (.91

kips/in

As 0.91 kips/in < 2.63 kips/in = Weld is QK.

Fb =216
Fsb =144
Fsw = 21.0
Fa =119

te = 0.221

Rw =2.63

kips/in

kips/in



Welded Joint: 5

File: JointS.med

Calculation in accordance to Steel Structures - Design and Behavior,
Salmon and Johnson, 3rd ed., Harper Collins Publishers, and
this note's Allowable Stresses In Welds Table,
Elastic Vector Analysis.
Allowable Stresses in Fillet Welds:
ASD based: Tension and compression : 0.60 x Fy;
Shear: smaller between 0.30 x Fw and 0.40 x Fy;
ASME B30.20: All: 0.33 x Fy.
This is a combination of flare bevel groove weld, with effective throat of .234 in and a 1/4 in fillet
weld. For simplicity and being conservative, it was assumed a 1/4 in fillet weld all around.

Size of fillet weld (in): = 1
Nominal tensile strength of weld metal (ksi): Fw = 70.0
Yield strength of base metal (ksi): Fy = 36.0
0.60 x Fy  (ksi): Fb = 0.60-Fy Fb =21.6
0.40 x By (ksi): Fsb = 0.40-Fy Fsb = 14.4
0.30 x Pw  (ksi): Fsw = 0.30-Fw Psw = 21.0
0.33 x Fy (ksi): Fa = 0.33 Fy Fa =119
,A o
Effective throat with (in): fe = -'?'i te = (.177
Allowable resistance (kips/in): Rw = terFa Rw = 2.10
Shear load (kips): P o= 1,375
Bending laod (kpis-in): M = 44.6875
Length (in): L= 24.88
Mom. of inertia / 1 in wide weld (in@): I:=336.4
Max. cist. to center of eff. throat (in): cmax = 6.196
Sec. dist. to center of eff. throat (in): csec = 0.917
i}
Shear = T 50 Shear = 0.06 kips/in
M
X_Bending = M‘"""{""“R’ 80 X Bending = 0.82  kips/in
(E@; /
) M .
Y_Bending = MT S0 Y_Bending =012  kips/in
<E§é& )
Vector sum R is:
Vector_sum = \/ (Shear + ‘Ym}iienoling)2 + XmBendingZ 50:
Vector_sum = (.84 kips/in

As 0.84 kips/in < 2.10 kips/in = Weld is OK.
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Joint 5

Area=2.48800e+01
Xcg=9.17020e+00
Ycg=9.13923e+00
Ixcg=3.14220e+02
lycg=2.22580e+01
Ixycg=-1.17240e-13
Ixor=2.,39234e+03
lyor=2.11448e+03

[ xyor=2.08516e+03
Kxcg=5.55379e+00
Kycg=9.45840e-01
Kxor=9,80587e+00
Kyor=9.21885e+00
Ixprin=2.22580e+01
lyprin=3,14220e+02
Ipolar=3,356478e+02




Welded Joint: 6

File: Joint6.med

Calculation in accordance to Steel Structures - Design and Behavior,
Salmon and Johnson, 3rd ed., Harper Collins Publishers, and

this note's Allowable Stresses In Welds Table,
Elastic Vector Analysis.
Allowable Stresses in Fillet Welds:

ASD based: Tension and compression : 0.60 x Fy;

Shear: smaller between 0.30 x Fw and 0.40 x Fy;

ASME B30.20: All: 0.33 x Fy.
Size of fillet weld (in):

Nominal tensile strength of weld metal (ksi):
Yield strength of base metal (ksi):

0.60 x Fy (ksi):

0.40 x Fy (ksi):

0.30 x Fw  (ksi):

0.33 x By (ksi):

Effective throat with (in):

Allowable resistance (kips/in):
Shear load (kips):
Length (in):

}}3
Shear = — 80
L

As0.24 kips/in < 2.63 kips/in = Weld is QK.

5
= —
16
Fw = 70.0
Fy = 36.0
Fb = 0.60- Fy
Fsb = 0.40' Fy
Fsw = 0.30-Fw
Fa = 0.33 Fy
12
fe = ]
Rw = te'Fa
P o= 2750
1= 11.56

Shear = 0.24

Fb =216
Fsb =14.4
Fsw =21.0
Fa =119

te = 0.221

Rw = 2.63



2.2.2. Bolted Connections

There are 4 kinds of bolted connections, joints A to D. The next pages contain a
summary of the bolted joints analysis, a drawing identifying all the bolted joints and the
calculations.



Flipping_bolis.xls

Summary Of Analysis Of Bolted Joints

HA

,B,

C

D)

Joit

Connection Type - Bearing Bearing| Slip-critical Bearing
Threads Excluded From Shear Plane - No No No No
Bolt Material Specification - ASTM A325| ASTM A325| ASTM A325| ASTM A325
Bolt Tensile Strength Fub (ksi) 120 120 120 120
Nominal Bolt Diameter (in) 1 1 5/8 5/8
Bolt Area (in2) 0.785 0.785 0.307 0.307
Tapped Material Specification - ASTM A108 Gr. 1215, 6061-T651| ASTM A36| 6061-T651
Tapped Material Yield Strength Fy (ksi) 60.0 35.0 36.0 35.0
Desirable Thread Engagement (in) - - 0.639 -
Actual Thread Engagement (in) - - 1.000 -
Torgue Required Ib-ft - 218 -
Excentricity (In Plane / Off Plane) - - - Off -
Shear l.oad Per Boit (kips) 2.8 2.8 - 1.4
Shear Stress (ksi) 3.5 3.5 4.5
Shear Load Excentricity (in) - - -

Momeni From Shear Load (kips-in) - - - -
Tension Load (kips) - - 2.75 -
Tension Load Excentricity (in) - 57.5 -
Moment From Tension Load (kips-in) 39.5 -
Allowable Shear Stress (ASD Th. J3.2)  (ksi) 21.0 21.0 21.0
Allowable Shear L.oad (Rs) (kips) 16.5 16.5 - 5.4
Allowable Tension Stress (ASD Th. J3.2) |(ksi) - 44.0 -
Allowable Tension Load (R (kips) - 13.5 -
Number Of Columns (m) # 2 -
Column Spacing {(g) {in) - - 2.5 -
Row Spacing (p) {in} - 8.188 -
Estimated Number Of Hows # 1.04

Number Of Hows (n) # 2

cX (in) -

oy (in) - -

Ix (ind) -

ly (ind) - -

J (in4) - - -
ea (in} - .
ee (in) - - -

fsx (ksi) - - - .
fsy (lsi) - - -
fhx (ksi) - - -

fhy (ksi) - - - -
fr (ksi) - - -

Ty2 (in2) - - 67.0 -
Tm (kips) - - 2.4

Ratio Resultant / Allowable (%) - 17% 17% 18% 21%
SFi.r.i. Bolt Tensile Strength - 34,3 34.3 15.3 26.8

BOLTS SUMMARY TABLE
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Bolted Joint: A
File: JointA.mcd

Calculations in accordance to Structural Engineering Handbook, 3rd ed.,
Chapter 8, McGraw-Hill, and AISC/ASD, Chapter J.
Shear, Structural Engineering Handbook, p.8-65.

- Bearing Connection;

- Size of holes: 1.063 in;

- Direction of load relative to larger axis of hole: N/A;
- Threads not excluded from shear planes;

- Bolt specification: ASTM A 325.

Allowable Tension Stress, ASD, Tb. 13.2, p.5-73 (ksi): Ft = 21.0

Bolt size (in): d-=1
. .9 no2 A
Bolt area (in*): A = 4 d A = 0785
Allowable load (kips): R = Ft-A R =165
Load (kips): L= 275
Number of bolts: no= 1
o L
Load per bolt (kips): § = — 5 = 2.8

n

R (16.5) » s (2.8) so bolts are QK.



Bolted Joint: B

File: JointB.mcd

Calculations in accordance to Structural Engineering Handbook, 3rd ed.,
Chapter 8, McGraw-Hill, and AISC/ASD, Chapter J.
Shear, Structural Engineering Handbook, p.8-65.

- Bearing Connection;

- Size of holes: 1.063 in;

- Direction of load relative to larger axis of hole: N/ A;
- Threads not excluded from shear planes;

- Bolt specification: ASTM A 325.

Allowable Tension Stress, ASD, Tb. J3.2, p.5-73 (ksi): Ft = 21.0

Bolt size (in): d=1
Bolt area (in): A = <¥z>d7 A = 0.785
Allowable load (kips): R = Ft-A R =165
Load (kips): L= 275
Number of bolts: no= 1

L

Load per bolt (kips):

oW

- s = 2.8

R (16.5) > 5 (2.8) s0 bolts are QK.



Bolted Joint: C
File: JointC.mcd

Calculations in accordance to Structural Engineering Handbook, 3rd ed.,
Chapter 8, McGraw-Hill, and AISC/ASD, Chapter J.
Off Plane Bending, Structural Engineering Handbook, p.8-68.

- Slip-critical Connection;

- Size of holes: short-slot 11/16 x 7/8;

- Direction of load relative to larger axis of hole: parallel;
- Threads not excluded from shear planes;

- Bolt specification: ASTM A 325.

Allowable Tension Stress, ASD, Tb. J3.2, p.5-73 (ksi): Ft = 44.0

i 5 ) .9 L 2
Boltsize: d == é Bolt area (in®): A = " d A = 0.307

o

Allowable load (kips): R = Ft-A R =135
Bending moment, from calculations of item h (in-kips): M = 39.5
Number of columns: m o= 2
Vertical spacing between bolts (in): p = 8.188
Horizontal spacing between bolts (in): g = 2.5
6-M
Bstimated number of rows: n o= e n o= 1.04
prmeR
Number of rows: no= 2
C.G: xcg = ;"(ﬁ“‘i - 1) xcg =125  yeg = ;(m - 1) wyeg =4.09%
] , } n- 1 )
Calculation of }Z’y? buf = -
int = floor(buf) int = 0.00 frac == (buf - inf) frac = 0.50
k = if({frac=0),int, (int + 1)) k = 1.00
B 2y2 = 67.0

., e M-ycg : .

Max. tension on bolt (kips): Tm = Mﬁ I'm =24
Y

R (13.5) > Tm (2.4) so bolts are OK.



Joint: C
File: T_C.med

Torque Required

The calculations are based on the methodology presented by Shigley & Mischke, Chapter 8.

For permanent connections, the pre-load is based on ASD recommendations (Table 4, p.5-274) of
tension required of 70% of tensile strength plus 5% for torque wrenches (total of 78.5%).

For reusable connections, the pre-load is based on Shigley & Mischke, Chapter 8, p. 349, equations
8-25 or 8-26, representing 75% of the proof load or, in the abscence of that, 85% of the yield strength.

Type of connection assumed in this case: Reusable.

Bolt Tensile/Proof /Yield Stress (ksi):
Req. Bolt Tension, ASD/Shigley (ksi):
Torque Factor, (Zn=.2,Blk=.3), p.347:

Major Screw Diameter (in):

Pitch (threads/in):
Grip Threaded Length (in):
Grip Unthreaded Length (in):

Bolt Elastic Modulus (ksi):
External Tensile Load (kips):

Threaded Member Elastic Modulus (ksi):

Threaded Member Thickness (in):

Unthreaded Member FElastic Modulus (ksi):
Unthreaded Member Thickness (in):
Washer Diameter [D=1.5xd] (in):
Half-Apex Angle (°):

7

o = e o = 0.524
180

At = 7854 <c3 - At = 0226

Bt d-tan( o)
[ (2t tan(e) + D - d)(D + d)
(Ztrtan(e) + D+ Yy (D - d)

ki =

kt = 33100.46

KM = 1.66:10°

P

kt ku

Total Bolt Load from Req. Bolt Tension (kips):

Preload - Clamping Force (kips):

Torque Required (ft-1b):

b =85
Rb = .75Fb Rb = 63.8
K = .30

5
d ::: -

8
no= 4l
It = 1.00
Id = 1.00
Eb = 2.9-10*
P =24
Bt = 2.9:10"
tt = 1.00
Bu = 2.9-10%
fu o= 1.0
= 1.5d = 0.938
a = 30

. n s
Ad = Zd Ad = 0.307
Ad- At-Eb 5
Kb 2 kb = 37710
Addt + Arld
wBu d tan(e)

ku =

(2tutan(o) + D - d) (D + d) |
(2 twtan(a) + D+ d) (D - d)

fm[

ku = 33100.46

C = kb C =0.186
kb + KM T
Fb = Rb At Fb = 14.4
Fi=Fb- CP Fi = 14.0

K Fir 1000+ d
Tz T =218

12



Joint: C
File: Th_C.med

Minimum thread engagement

Machinery's Handbook, 24th ed., p.1324. Data required: p.1544-1566.
Minimum thread engagement to assure failure on externally threaded part.
COT Flipping Fixture.

Internal thread (ASTM A36):

5
Basic major diameter (in) : D = é
Pitch (threads/in): no= 11
Max. minor diameter (in): Kn = .5460
Max. pitch diameter (in): En = 5732
Min. tensile strenth (ksi): oi = 58

External

Min. major diameter (in): Ds = .6113
Min. pitch diameter (in): Fs = 5589
Max. tensile strength (ksi): ce = 120
Hence:
o a3
Ats = 7854 - —r S0 Ats = 0.226
n
Es .16238 \
Ath = g — - ——— SO Ath = 0.220
2 T
At = if((oe>100), Ath, Ats) S0 At = 0.220
Le = SO Le = 0.441

K Kn (.5 + (57735 n:(Es - Kn)))

1
As = mn-Le Kn- ? +.57735:(Es - Kn) SO: As = (.440
2on
An = wnLe Ds| —— + 57735:(Ds - En) SO: An = (0.628
21
As-ce
= SO: ] =1.449
An-oi
Q= JLe SO: Q =0.639

Engagement = if((J>1),0Q,Le) SO: Engagement = 0.639



Bolted Joint: D

File: JointD.mcd

Calculations in accordance to Structural Engineering Handbook, 3rd ed.,
Chapter 8, McGraw-Hill, and AISC/ASD, Chapter J.
Shear, Structural Engineering Handbook, p.8-65.

- Bearing Connection;

- Size of holes: 21/32 in;

- Direction of load relative to larger axis of hole: N/ A;
- Threads not excluded from shear planes;

- Bolt specification: ASTM A 325.

Allowable Tension Stress, ASD, Tb. ]3.2, p.5-73 (ksi): Ft = 21.0

5
Bolt size (in): d = —é
/
- "y 9
Bolt area (in): A = (Z)’d A =0.307
\ 5
Allowable load (kips): R = FtrrA R =64
Load (kips): L= 275
Number of bolis: o= 2
o . L
Load per bolt (kips): § = — s =14
n

R (6.4) > s (1.4) so bolts are QK.



3. Technical Specification For The Fabrication Of The
CDF/ COT Flipping Fixture



Technical Specification for

CDF / COT Flipping Fixture Assembly W.B.S. 1.7.1.6.1

1. Assembly
Assembly as detailed on Fermi National Accelerator Laboratory PPD/CDF/COT drawing number
2563.244-ME-339775, COT Flipping Fixture Assembly, and all items and drawings called out therein:

o Item 1, drawing 2563.244-MD-339295, Lifting Assembly, qty. 1,

e Item 2, drawing 2563.244-MD-339301, Flipping Spreader Bar Assembly, qty. 2,

o Item 3, drawing 2563.244-MB-339312, Swivel Bushing, qty. 6,

e Item 4, 1-8 UNC 2A x 2.5 Black Finish Heavy Hex Bolt ASTM A325 Type 1 or 2, qty. 2,

e Item 5, 1-8 UNC 2A x 3.5 Black Finish Heavy Hex Bolt ASTM A325 Type 1 or 2, qty. 4,

o Item 6, drawing 2563.244-MC-339289, Corner Support Bracket, qty. 4,

e Item 7,5/8 Black Finish Carbon Steel Lockwasher, qty.24,

o Item 8,5/8-11 UNC 2A x 2.25 Black Finish Heavy Hex Bolt ASTM A325 Type 1 or 2, gty. 16,
e Ttem 9, drawing 2563.244-M(-339290, Endplate Mounting Support, qty. 4.

¢ Item 10, Bronze Thrust Bearing, 171D x 270D x 1/8"thick, McMaster Carr # 5906K524, qty. 4,
e Item 11, drawing 2563.244-MB-339791, Spreader Bar Shim, qty. 4.

o Item 12,5/8-11 UNC 2A x 1.5 Black Finish Heavy Hex Bolt ASTM A325 Type 1 or 2, qty. 8.

Drawings with stamp "Approved for fabrication” will be issued on contract award.

2. Fabrication

All structural steel parts shall be fabricated in sirict accordance with the Code of Standard Practice for
Steel Buildings and Bridges of the American Institute of Steel Construction (AISC), 1986, unless
otherwise noted in any of the contractual documents.

All welds shall be in strict accordance with the Structural Welding Code - Steel, of the American
Welding Society, AWS D1.1-92, unless otherwise noted in any of the contractual documents.

The following items:

Item 4, 1-8 UNC 2A x 3.5 Black Finish Heavy Hex Bolt ASTM A325 Type 1 or 2, qty. 2,

item 5, 1-8 UNC 2A x 3 Black Finish Heavy Hex Bolt ASTM A325 Type 1 or 2, qty. 4,

item 12, 5/8-11 UNC 2A x 1.5 Black Finish Heavy Hex Bolt ASTM A325 Type 1 or 2, gty. 8,
item 9, drawing 2563.244-MC-339290, Endplate Mounting Support, qty. 4 and

Lifting Pin, drawing number 2563.244-MB-339297, qty.1,

must be uniquely identified and certified to have been inspected as follows:

o Magnetic Particles according to ASTM E1444/94 and Addenda with no relevant linear indication;

e X-Ray (or Gamma Ray) according to ASTM E94/93 and ASTM E142/92 with no internal defects
allowed or, for item 9, ultrasonic testing according to ASTM E388/95 with no internal reflections
with response greater than a 3/64” flat bottom hole.



3. Surface Condition

The steel parts may be painted by Fermilab on site and they should be delivered ready to accept
primer. Except for threads of tapped holes, all not concealed parts of the assembly shall be:

o thoroughly cleaned of all scale, rust and dirt per specifications of the Steel Structure Painting
Council (SSPC) "Surface Preparation Specification No. 3, (SP-3), Power Tool Cleaning”;

e thoroughly cleaned of all oil, grease, salts, and contaminants per specifications of the Steel
Structure Painting Council (SSPC) "Surface Preparation Specification No. 1, (SP-1), Solvent
Cleaning";

o properly wrapped and packed in order to preserve the cleanliness obtained with the above
mentioned cleaning processes and to minimize rust formation.



4. Load Test

The Flipping fixture will be load tested at 125% of the operational load (3,600 Ib) so the
load test will be at least 4,500 Ib. To prevent the application of torques and moments
that are not present during operation (due to the rigidity of the COT itself) but that
would appear by simply hanging weights from the End Plate Mounting Support, a
frame will be built and attached to the Flipping Fixture. The test frame is shown in the
drawing next page.
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5. Drawings

Drawing Number:

2563.244-ME-339288
2563.244-ME-339775
2563.244-M(-339289
2563.244-MC-339290
2563.244-MD-339295
2563.244-MB-339297
2563.244-MB-339298
2563.244-MB-339299
2563.244-M13-339301
2563.244-M1D-339304
2563.244-MB-339305
2563.244-MB-339306
2563.244-MB-339307
2563.244-MB-339312

2563.244-MB-~339791

Title:

PPD/CDF/COT Hipping Arrangement

PPD/CDF/COT Flipping Fixture Assembly
PPD/CDF/COT Hlipping Fixture Corner Support Bracket
PPD/CDF/COT Flipping Fixture End Plate Mounting Support
PPD/CDE/COT Flipping Fixture Lifting Assembly
PPD/CDE/COT Flipping Fixture Lifting Pin
PPD/CDE/COT Flipping Fixture Bearing Plate
PPD/CDF/COT Flipping Fixture Gusset Plate
PPD/CDF/COT Flipping Fixture Spreader Bar Assembly
PPD/CDE/COT Flipping Fixture Spreader Bar Weldment
PPD/CDE/COT Flipping Fixture Bushing
PPD/CDFE/COT Flipping Fixture Spreader Bar End Plate
PPD/CDE/COT Flipping Fixture Shim Plate
PPD/CDE/COT Flipping Fixture Pivot Bushing

PPD/CDYF/COT Flipping Fixture Spreader Bar Shim
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From: FNALD: : RAFAEL "J. Rafael Silva -~ (630)840-8311" 4-NOV-1998 15:07:¢
To: @CDr_SF

CC: @CDF_FYTI,RAFAEL
Subij: Presentation of the CDF/COT Flipping Fixture EN to Safety Review
Hi,

Based on the availabillity of the four members of the CDF mechanical
safety committee, I was able to reserve the

Hornet Nest meeting room, located at WH1INW,

AAANAAN

for my presentation of the CDF / COT Flipping Fixture Engineering Note
to the Safety Committee, for

tomorrow, Thursday, 11/05/98, from 2:30pm to 4:30pm.

Thanks,

Rafael



From: FNALD: : RAFAEL "J. Rafael Silva - (630)840-8311" 5-NOV-1998 17:47:¢
To: @CDF_SF

CC: RAFAEL

Subij: Spreader Bar Tubing Checking

Hi,

For the 6x4x1/2 tubing of the spreader bar, considering:

R = 1

Py = 46 ksl
E = 29000 ksi
1 115.00 in
r = 1.48 in
Sx = 11.8 in3
P o= 2750 1b
A = 8.36 in2
J = 42.1 ind
tf = 0.5 in
tw = 0.5 in
Ix = 35.3 in4

From AISC / ASD:

For Compregssion: Bg. BE2-1, Fa = 18.5 ksi
For Bending : (b/t = 5 < 28 & d/tw = 12 < 37) Eg. F3-1, Fb = 30.4 ksi
For Shear : (h/tw = 12 < 56) EBg. ¥Fd4-1, Fg = 18.4 ksi

And from hand calculations:

For a beam simply supported with a concentrated load (2750 1lb) at center:
Maximum Bending Stresses 6.7 ksi

Maximum Shear Stregses : 0.3 ksi
For a beam fixed at the ends with a torsional moment (8335 in-1b) at center:

Masximum Tosional Shear Stresseg: 0.4 ksi

The Von Mises Stress from FEA was 7.5 ksi (8P = 6.1 - i.r.t. Fyv)

Tt seems to be far away from the limits.



Item: ¢
File: E2_c.mced

Allowable Stresses - Compression
AISC / ASD, 9th ed., p.5-42, sect. E2., allowable stresses:

COT Hlipping Fixture - Spreader bar tubing
Note: Material is Bronze instead of structural steel
K: Table C-C2.1, p.5-135:

K = 1 (conservative)
Mechanical properties of material (ksi):

Fy = 46 E = 29000
Unbraced length of column - conservative (in):
1= 115.00

Governing radius of gyration (in):

Allowable stresses (ksi):

21 ) K1
R - Ce =111.6 = V4
4 Py r
H K1\
. r It
R 1 Ey
{ 2:Cc? | .
Fal - } Fal = 18.5 (F2-1)
K-l KeIv
o .
5 r ¥
3 8Cc g0
1255 F , -
Fa2 =~ Fa2 = 24.7 (E2-2)

This means that if (K.1/1) > Ce, Fa = Fa2,
otherwise Fa =Fal.

,Ha2,Fal

K-1
Fa = if| | {— |>Cc
T

Hence: Fa = 18.5




T - VAR:{Z-\BLE SH:EE'T e R R R ik e e R o oy
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Table 20 Roark & Young (6 ed)
Formulas for Torsional Deformation
and Stresg; Page 348-359

matlf Material Number from Properties Table
matl Material
8335.25 torque lb-in Twisting Moment (Torque), T
t20th .0021 rad Angle of Twigt, theta
115 length in Length of Section, L
1.12E7 G psi Modulus of Rigidity, G
K 41.1736 in™4 Torsional Stiffness Constant, K
Average Shear Stress:
taul 433 psi Near Midlength of Long Sides
tau 433 psi Near Midlength of Short Sides
Sect 16: Hollow Rectangle - Thin Wall
DIAGRAM 'y Generate section diagram? ('n = no)
6 t20a in Long Side, a
.5 t20tl in Thickness of Long Side, tl
4 t20b in Short Side, b
.5 20t in Thicknegs of Short Side, t
Q1L 19.25% in”3 Shear Stress Constant - Long Side, Q1
0 19.25 in™3 Shear Stress Constant - Short Side, O
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From: SMTP% "alee@rdeagl” 16-NOV-1998 10:00:58.02
To: RAFAEL

CC:

Subij

Message-Id: <9811161617.AA062266rdeagl>
To: RAFAELE@fnald. fnal.gov

Subject:

Date: Mon, 16 Nov 98 10:17:36 -0600
From: alee@rdeagl

X-Mts: smtp

e Forwarded Message

Return-Path: rucinski@fnal.gov
Received: from fnal.fnal.gov by rdeagl; (5.65/1.1.8.2/21Mar96-0305PM)
id AA10720; Fri, 6 Nov 1998 17:19:00 ~0600
Received: from d0-russlp ("port 2825"@d0-russlp.fnal.gov)
by FNAL.FNAL.GOV (PMDF Vv5.1-10 #3998)
with SMTP id <01J3UZWBUR4EQCOOVQEFNAL.FNAL.GOV> for ALEEGRDEAGL.FNAL.GOV:
6 Nov 1998 17:02:27 -0500 CS8T
Date: Fri, 06 Nov 1998 17:00:02 +0000
From: Russ Rucinski <rucingki@fnal.gov>
Subject: COT flipping fixture comments
To: lange@admail.fnal.gov
Cc: howell@fnal.gov, alee@fnal.gov
Megssage-~Id: <01J30UzZWBV5S00000VQEFNAL . FNAL . GOV>
Mime~Version: 1.0
X~Mailer: Pegasus Mail for Windows (v2.32)
Content-Type: text/plain; charset=US~ASCIIT
Content~Transfer~Encoding: 7BIT
Priority: normal
Comments: Authenticated sender is <rucinski@popgtw.fnal.govs

Regarding the COT flipping fixture:

Item a FEA parameters have the incorrect modulus of elasticity. The
item is steel, but the modulus is for aluminum. It may just be a
typo, and the analysis was done corvectly, I'm not sure.

T am curious, what the displacements are for item <. All
the FEA plots show stresses with no displacements listed.

Please pass these items along with the other member‘s comments. If
they are resoclved to the rest of our committee’s satisfaction, then T
would endorse approval of the use of the fixture pending the load
test and written procedure.

Russ

womeewe End of Forwarded Message

-

Fri,



From: FNALD: : RAFAEL "J. Rafael Silva - (630)840-8311" 17-NOV-1998 14:33:
To: @CDF_SF

CC: RAFAEL
Subj Rusg’ questions
Hi,

Here the answers:

> Regarding the COT flipping fixture;

v

Item a FEA parameters have the incorrect modulus of elasticity. The
item is steel, but the modulus is for aluminum. Tt may just be a
typo, and the analysis was done correctly, I‘m not sure.

Y

It is a type. The modulus used was 30,000,000 psi.

> I am curious, what the displacements are for item c¢. All
> the FEA plots show stresses with no displacements listed.

Maximum Deformation:

X: .89 (top members)
Y: 14" (vertical and top members)
Z: .0001"

The load test was done on 11/12/98, with no visually detectable
residual deformation. It also preformed very well as far as the
flipping function.

We (Bob, Aseet, Ken, Stanek, myself) are writing the procedure for
the whole operation, and i1t should be ready tomorrow, but it needs
also to be approved by the division. As we intend to use the fixture
this coming Saturday, please let me know if you need to review any
aspect of this procedure for vour approval.

Thanks ,

Rafael
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W] TS_REQ_Flipping_structure doc

Name B !]QSI‘Z@';]{T},‘JQE | Maodified
al BSmg.mCd KB Mathcad 4.0 104207981213 PM
a|B5_imcd KB  Mathcad 4.0 10720498 4:38 PM
| C15_imcd bKB  Mathcad 4.0 10/20798 6:53 PM
a| C16_d.mcd bKB  Mathcad 4.0 1172798 6:09 P
{ls) C26_g.med 5KE  Mathcad 4.0 1172798 8:05 PM
g Comp_i.mecd KB Mathcad 4.0 10420798 7:.04 P
=|E2_imed BKB  Mathcad 4.0 10420798 6:55 PM
1l Ece_Sh_URt_Strmcd KB Mathcad 4.0 10726798 11:58 PM
: a|EP_hmed 8KB  Mathcad 4.0 10726798 6:29 PM
=|F2.1_d.med B Mathcad 4.0 10416798 11:30 &AM
lla] F3.1_g.med KB Mathcad 4.0 10420498 12:37 PM
a|F3.1_imed KB  Mathcad 4.0 10720498511 PM
{le] H1_i.med 5KB  Mathcad 4.0 10420798 6:59 PM
% Jointt. med BKB  Mathcad 4.0 1172498 751 PM
' mj Joint? med bKB Mathcad 4.0 “%"UEMS b:2¢ P
ﬁj Joint3.med KB Mathcad 4.0 1142798 6:29 PM
1 Jointd.med KB Mathcad 4.0 1172798 6:33 P
=] Joint5.med KB Mathcad 4.0 1172498 6:48 Phi
] Jointh.med 6KB  Mathead 4.0 11727986 M PM
§'§ Jointd.med KB Mathcad 4.0 10729798 1016 Ab
@i JointB.med KB Mathcad 4.0 10/29 338 MW
;% JointC.med okE  Mathcad 4.0 10726798 7[}, 34 P
% JointD med KB Methead 4.0 10729798 10:13 Al
g‘“r;c.mm BKB  Mathcad 4.0 10428796 11:53 P
a| Th_Cmed KB Meathcad 4.0 10427796 1:.06 PM
EA_8_casesxls 178 Microsoft Excel Worksheet 10416798 3:41 P
lipping_bolis xls 23k Microsoft Excel Workshest 1172498 1:04 PM
lipping_membersxls 23KB Micrasoft Excel Workshest 11724498 8:07 PM
| Flipping_welds xls 2ZKB  Microsoft Excel Worksheet 1142498 757 P
@W@lds xls 17KB  Microsoft Excel Workshest 1142798 2:50 P
@FF&@ doc 14KB  Microsoft Ward Document 10727198 11:59 PM
W |FEA_b.doc 14KB  MicrosoftWord Document 10716498 1:43 P
#|FEA_c.doc J0KB  Microsoft Word Document 10416798 3:.41 PM
[#IFEA_edoc 14KB  Microsoft Word Document 10428798 1:20 A
‘thpmg EN.doc T0TKB  Microsoft Word Document 1143498 11:22 AM
wlreq_flipping.doc | 99KB  MicrosoftWord Document B/12/98 137 PM
17KB  Microsoft Word Document 942798 3:24 PM
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