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TEST

The Horizontal Lifting Fixture #F10037250 need to be tested according with the
procedure listed on FESHM #10110. The dummy load need to be bolted to the support
ring through #30 3/4 -10 bolts while the entire stand is placed vertically as shown on
figure.l. The figure.l shows the Horizontal Lifting Fixture which includes all the 4
support feet bolted to the support ring and the dummy load attached to the ring. The test
need to be performed for both vertical and horizontal configurations repeating multiple
times the flipping process from the vertical to the horizontal configuration.

Figure.1 — Vertical configuration of Horizontal Lifting Fixture during the installation of
the dummy load



Figure.2 — Horizontal configuration of Horizontal Lifting Fixture



| ntroduction.

The Horizontal Lifting Fixture will be used to lift the DESI corrector barrel while it is
onto the horizontal position, see Appendix-I. The same lifting fixture will be used to flip
the barrel from horizontal to vertical position, see Appendix I-11.

Both figures show the location of lifting points. The main structure of the Horizontal
Lifting Fixture includes (4) columns “BEAM 3" and (4) cross beam “BEAM 1-2". The
columns and the cross beam are connected through bolted/weld joints as shown on the
Appendix I-11. To the cross beam a stiffener ring is welded and a 5/8 thick plate connect
the “BEAM 1 to the stiffener ring.

The columns, the cross beams, the bolt/weld joints, the lift points are anayzed
according with the procedure listed into FESHM 10110.



HORIZONTAL CONFIGURATION

The Desi Lifting Fixture will carry 11,000 Ibslocated at 3.2 inches from the cross beam "BEAM 1"
and the two lift points will be aligned to the CoG of the system which includes the mass of the
Barrel, the mass of the dummy load on the Focal Plane flange and the mass of the lifting fixture.

M_barrel := 99001bf mass of the corrector barrel shell
M_dummy := 1100Ibf mass of the dummy load installed on the FP flange
M_fixture := 35001bf mass of the lifting fixture
M_tot := (M_barrel + M_dummy + M_fixture) total mass
M._tot = 14.5x 10° Ibf
R x = M_tot ([ 60
=T g — 573 reaction force calculated on the lift points assuming
a lift angle of 60 degree.
R ve= M_tot . 60 4 5
AP P R_x =3.6x 10° Ibf R_y=63x 10" Ibf

M_dummy - 49.5in
M_tot

COG_horiz_conf = location of COG on the worst case scenario

COG_horiz_conf

m

38
WELD JOINT -1

The weld joint 1 is a 1/8" fillet weld.

I_weld_I := 37.4in overall length of the weld joint



th_weld_1 := 0.125in

A_shear_weldl := |_weld_1 - th_weld_1 - (.707) area subject to shear stress
A_she: Id1
_shedar_we —133
.2
n
F_shear_weld_1 := Fv_weld - A_shear_weldI allowable shear strength

F.shaat weld 1.=38.6% 10 T6F

A_tens_weldl := A_shear_weld!

Fy_A36
F_tens_weld_1 = S A_tens_weld1
Nd 3
F_tens_weld_1 =40.0x 10" Ibf
R_x R_y
A_shear_weld] 4 A_tens_weldl ~9510x 10 3 combined dises
Fv_weld Fy_A36

Nd

Since the combines stress (0.251) is less than 1 the weld joint 1 is ok.

BOLT JOINT - 1
The connection between the column and the cross bar is made with #6 3/4 A307 or grade 2
bolt.

A_bolt_tension := ().442in2 3/4 bolt cross section

R N
f_bolt_tension := =) tension stress

6 - A_bolt_tension

3
f_bolt_tension = 2.4 x 10" psi

. R_x
f_bolt_shear ;= shear stress

6 - A_bolt_tension

f_bolt_shear= 1.4 x 103 psi



Ft_combined_bolt := \/ ( Ft_bou)2 - (2.6v l-'_bolt_shcar2] allowable stress for bolted joints subjected to
tension combined with the actual shear stress

Ft_combined_bolt = 16.7 x ]03 psi

Since the tension stress calculated on the bolt joint (2.4 ksi) is less than the allowable combined
stress (16.7 ksi) the bolt joint is ok.

Assume A307 bolts or grade 2. Then from TABLE |-A, page 4-3 of the AISC 18th edition, the
allowable load per bolt is 2900 Ibf which is greater than the actual loading 1230 Ibf per bolt.
According with those results the bolted connections are fine.

BEAM 1
The BEAM 1 is a square tube 6"x6"x.25" with an overall lenght of 77 inches and it support the

stiffener ring through a weld joint as shown in Figure.3.

) R_ :
f_beam_1_tension := Y tension stress
A_st

A 3
f_beam_1_tension = 1.1 x 10" psi

R_y-3.2in b_st

I_st 2

flexure stress due to R_x

f_beam_I1_flexure_x1 :=

3 .
f_beam_1_flexure_x1 =2.0x 10" psi

f_beam_1_tension  f_beam_1_flexure_xI -3
~beam.__tension = 2beam. . Jlexire X _ 1919 i0”

Ft_gross_area Fb_st

Since the sum of the ratio of combined stresses (tension & flexure stress is less then 1, the
BEAM 1 is ok.

BEAM 2

The BEAM 2 is a square tube 6"x6"x.25" with an overall lenght of 61.3 inches subject to a
compression load BR_x= 8,500 Ibf where KL is 61.3 inches.

R.x

f_compression_beam_2 =
A_st
f_compression_beam_2 = 648.6 psi



Since the actual compression stress 649psi is less than the allowable stress 14.2ksi the BEAM
2 is ok.

WELD JOINT -2

The weld joint 2 is a 1/8" fillet weld.

I_weld_2 := 32in overall length of the weld joint

th_weld_2 := 0.125in

A_compr_weld2 := |_weld_2 - th_weld_2 - (.707)

Fy_A36

F _tens_weld_2 := - A_compr_weld2

F_tens_weld_2 =34.2 x ]03 Ibf

Since the allowable compression strenght of the weld joint 2 is greater than R_y= 6,300 Ibf the
weld joint 2 is fine.

WELD JOINT -3

I_weld_3 := 38.6in
th_weld_3 := .1875in 3/16 max weld thick for tube (AISC P.5-67)

A_shear_weld_3:= 1_weld_3 - th_weld_3 - (0.707)

F_shear_weld_3 := Fv_weld - A_shear_weld_3 allowable shear strength
F_shear_weld_3 = 59.7 x l{'}3 1bf

Since the allowable shear strength (59,700 Ibf) of the weld joint 3 is greater than the actual
shear strenght (14,500 Ibf) the weld joint 3 is ok

M_weld_3 := M_tot - COG_horiz_conf

f_str_weld_3 := o weld o actual tensile/compression strenght
14.6in
f_str_weld_3=3.7x 103 Ibf

A_tension_weld_3 := 12in - th_weld_3



Fy_A36
Ft_weld_3 = E—

- A_tension_weld_3 allowable tension strength on weld joint 3

Ft_weld_3 =27.2x 1031bf

Since the allowable tension strength (27,200 Ibf) of the weld joint 3 is greater than the actual
shear strenght (1,590 Ibf) the weld joint 3 is ok

VERTICAL CONFIGURATION

The Desi Lifting Fixture will carry 11,000 Ibslocated at 3.8 inches from the cross beam "BEAM 1"
and the two lift points will be located on the top side of the column beam "BEAM 3". During the
lifting process the Desi fixture will tilt sitting on one pair of feet and for the structural point of view
the worst case scenario will be when the lift point will be aligned with the CoG of the system. This
configuration will happen when the lifting fixture will have a tilt of 54 degree respect to the ground.
The total mass of the system include the mass of the Barrel, the mass of the dummy load on the
Focal Plane flange and the mass of the lifting fixture.

BEAM 3

The BEAM 3 is a square tube 6"x6"x.25" with an overall lenght of 128 inches and it supports the
stiffener ring through a weld joint as shown in Appendix Il. The lift points will be located 10inches
above the CoG of the system

R 36 .
f_beam_3v_tension := =N, cos[ ) tension stress

A_st 57.3

f_beam_3v_tension = 908.7 psi

f _beam_3v_flexure_x1:

Ry 13.2in . sin 30 ; b_st flexure stress due to R _x
I_st 57.3 2

B} 3
f_beam_3v_{flexure_x1 = 4.8 x 10" psi

R x-13.2in b_st
I st 2

f_beam_3v_flexure_x2: flexure stress due to R_x

3
f_beam_3v_flexure_x2 = 4.7 x 10" psi

f_beam_3v_tension t beam_3v_flexure_x1 + f beam_3v_flexure_x2 -3
+ =626.1x 10
Ft_gross_area Fb_st

Since the sum of the ratio of combined stresses (tension & flexure stress is less then 1, the
BEAM 3 is ok.

10



BOLT JOINT - 1

The connection between the column and the cross bar is made with #6 3/4-10 bolt.

R 36 ]
- cos| ——
. i3

6 - A_bolt_tension

tension stress

f bolt_tension_h :=

f bolt tension = 2.4 x 1(]3 psi

R x
6 - A_bolt_tension

36
R_vy- cos
= [5?.3)

f_bolt_shear h x2 = shear stress
6 - A_bolt_tension

shear stress

f bolt_shear h x1:

3
f_bolt_shear_h_x1=1.4x 10 psi

3
f_bolt_shear_h_x2=1.9x 10 psi

Ft_combined_bolt_h := \/Fr_bolt2 — 2.6 (f_bolt_shear_h_x1 + f_bolt_.‘;hear_h_)(?]2

allowable stress for bolted joints subjected to
tension and shear stress

Ft_combined_bolt_h = 16.0 x 1[)3 psi

Since the actual tension stress calculated on the bolt joint (2.4 ksi) is less than the allowable
combined stress (16.0 ksi) the bolt joint is ok.

The total capacity of a two bolt vertical line on each side of the square tube of 3/4 inch bolts has a
maximum total capacity of the joint of 26.5 kips which is greater than the actual total load of 4.0
kips

BEAM 1

The BEAM 1 is a square tube 6"x6"x.25" with an overall lenght of 77 inches and it supports the
stiffener ring through a weld joint as shown in Figure.x.

R_y- sin 6 tension stress
373

f_beam_1_tension_h := A st f_beam_I_tension_h = 660.1 psi

11



36 2
R_y- cos - 13.2in
573 b_st

I_st

f beam_1_flexure_h_x1:= flexure stress due to R_x

{ beam_1_flexure_h_x1 = 6.6 x 103 psi

f _beam_1_tension_h f_beam_1_flexure_h_x1 -3
+ =436.6 x 10

Ft_gross_area Fb_st

Since the sum of the ratio of combined stresses (tension & flexure stress is less then 1, the
BEAM 1 is ok.

END PLATE DESIGN

The maximum actual tensile strength is 7,400 Ibf which is smaller than the allowable tensile strength
86,400 Ibf. Also the maximum actual shear strength 10,300 Ibf is smaller than the allowable shear
strength 35,200 Ibf. So the plate design is ok.

12
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APPENDIX-III (Allowable stress)
- 3.2 MEMBER DESIGN - BASED ON.ASME BTH—T'—2014_ .

Allowable stresses
Nd = 3 nominal design factor - category B
Méchanical Properties of ASTM A500-B

Fy_A500B := 46ksi Tensile Strength, Yield

Fu_AS00B = 58ksi Ultimate Tensile Strength

Mechanical Properties of ASTM A36
Fy_A36 = 36.3ksi Tensile Strength, Yield
Fu_A36 = 58ksi Ultimate Tensile Strength

E = 29000ksi - Modulus of Elasticity

‘Dimensions and geometrical properties of square tube - 6"x6"x.25"

b_st := 6in width of square tube

th_st := .25in thickness of the square tube

ry = 2.33in minor axis radius of gyration

I st:= 30.3in4 major axis moment of inertia
I_st . .

S_sti= — major axis section modulus
_st

A_st = 5.59in2 cross-sectional area

Z_ st il.9in3 major axis plastic modulus

Jst= 45.6in4 torsional constant

Mp_st:= Fy_A300B - Z_st

plastic moment </=

1.5FySx
._RLS; =547.4
ksi-in”
Mp_t:= 1.5 Fy_A500B - S_st
Mpt _ 696.9
Cksic i

The plastic moment is less than 1.5*Fy*Sx.

15



(3-2.1} Tension members

Fy_AS5S00B
Ft_gross_area .= ———— 5
Nd Ft_gross_area = 15.3 x 107 psi
Fu_A300B
Ft_net_area = ——m—
1.2 Nd

Ft_net_area = 16,1 x 103 psi

(3-2.2) Compression Members

2
Com |27 E
Fy_AS00B

Cec=1116
KL_st:= 6ft | {worst case scenario)
KL st
KL _st_ry:= =5 KL_st_ry =309

ry

The KL/r is less than Cc so according with ASME BTH-1-2014, we can use the following
equation to calculate the allowable stress.

2
K1 st
1 -;—1;’ . Fy_AS00B
Fa:= 2-Ce allowable stress for compression
’3 .
9 KL stry 3-KL_st_ryv
Nd-| 1+ ——=m== - ; Fa=13.9x 10° psi
40- C¢ :

(3-2.3.1) Allowable stress for Flexural Members - Major Axis Bending of Compact Sections

. 110 Fy_A500B

Fb_st N allowable stress for flexural members
Fb_st = 16.9 x 10° psi
Lp:= E-I-;—W—E AIst- A_st laterally braced intervals
st

i =256.2

m

(3-2.3.6) Shear on Bars, Pins, and Platés

Fy Fy_A36
' - Nd-

allowable shear stress

=

Fv=7.0x 10° psi

16



CONNECTION DESIGN
3-3.2 Boited Connections

Fu_A307 = 60.6ksi

Fu_A307
2-Nd

Ft_bolt =

0.62 - Fu_A307

Fv_bolt :=
1.2-Nd

WELDED CONNECTIONS
3-3.4 General

E70_Fy = 70ksi

_0.6-E70_Fy
1.2- Nd

Fv_weld :

PLATES DESIGN

3-3.3.1 Static Strength of the Plates

t_plate .= .625in

plate thickness

specified minimum tensile strength of the bolt

allowable tensile stress for bolted joints with
a minimum of 2 A307 bolts

Ft_bolt = 16.8 x 10° psi

allowable shear stress for bolted joints

Fv_bolt = 10.4 x 103 psi’

allowable stress on weld joints

Fv_weld = 11.7 X 103 psi

b_eff := 5in effective width to each side of the pinhole
Dh := .875in hole diameter
Dp = 75in pin diameter

Cr_plate .= 1 - 0.275-

Fu_A36

Pi_plate := Cr_plate -
p P 12

Cr_plate = 858.4x 10 3

-2 - t_plate - b_eff allowable tensile strength

‘Pt_plate = 86.4 x 1,03 Ibf
17



a_plate == 1.75in distance from the edge of the pinhole to the edge of the
plate .

Av_plate := 2 - | a_plate + Dp. 1 —cos/55- Do 360 1)1, t_plate
2 ' Dh 2w

Av_plate _

. 2
1n

2.3

P = T o N ~plate Pv_plate = 25.9 x 10° Ibf
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