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AVANTech, Incorporated

PURPOSE

GENERAL DESIGN OBJECTIVES

Avantech Inc has been awarded a contract for the design, manufacture, and factory acceptance
testing (FAT) of a Tank-Side Cesium Removal (TSCR) System. All process equipment is housed
in a Process Enclosure.

This calculation is to verify that the structural components of the process enclosure are adequate to
withstand the forces developed during all-natural hazards. The calculation will also analyze the
structural components for lifting.

REFERENCES

Specification for the Tank-Side Cesium Removal Demonstration Project: RPP-SPEC-61910, Rev.1
Design Loads for Tank Farm Facilities: TFC-ENG-STD-06, Rev D-0.

AISC “Steel Construction Manual” 14" Edition.

Minimum Design Loads for Buildings and Other Structures, ASCE 7-10.

IBC “International Building Code” 2015.

H-14-111244, Rev.3, General Arrangement Process Enclosure Layout.

ASME, Section II, Part D, 2017.

Update of Seismic Parameters from Soil Site Class C to Soil Site Class D: 66749-001-RFI-005,
Rev.01.

H-14-111280, Rev.1, Process Enclosure Frame Weldment.

Design of Welded Structures by Omer W. Blodgett, The James F. Lincoln Arc Welding
Foundation, 1966.

Machinery’s Handbook, 26™ Edition.
DOE/RL-92-36, Hanford Site Hoisting and Rigging Manual, Rev.1.

ASTM A572 — 07, Standard Specification for High-Strength Low Alloy Columbium-Vanadium
Structural Steel.

ASME, Section II, Part C, 2017
ASME B30.20-2013, Below-the-Hook Lifting Devices

ASTM A1085/1085M — 15, Standard Specification for Cold-Formed Welded Carbon Steel Hollow
Structural Sections.

RPP-8360, Lifting Attachment and Lifted Item Evaluation, Rev.6, Washington River Protection
Solutions

Crosby Catalog, Heavy Lift Specialist, 2014
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CRITERIA AND DESIGN INPUTS

CRITERIA

The design of the TSCR Process Enclosure is detailed in Ref. 2.6. and Ref. 2.9. The accelerations
are specified per Ref. 2.8.

The Process Enclosure will be designed to a NPH criteria of NDC-2, SDC-2, Limit State C as the
criteria are defined in Ref. 2.2.

Process Enclosure NPH analysis:

The different NPH criteria the Enclosure is being analyzed against are

1. Dead Load: All dead loads will be taken into account.

Live Loads: A Roof live load of 20 psf'is taken into account. [Ref.2.2 for NDC-2]
Snow Loads: Snow loads of 15 psf are taken into account. [Ref. 2.2 for NDC-2]
Wind Loads: Wind loads are analyzed per Ref. 2.2 and are defined in Attachment-1.
Seismic Loads: Seismic loads are defined in Attachment-1.

Ashfall Loading: No ashfall loads are considered. The ashfall loads for NDC-2 are less than
those for roof live loads. Hence roof live loads are the determining criteria and are being
analyzed.

A

Flood Loads: Flood loads are not considered as the site is considered away from flood areas.

8. Thermal Forces: The Enclosure is a steel structure and the variation in properties of the
materials of construction is negligible for the temperature conditions and hence, thermal
forces are ignored

9. No concrete loads are considered as the foundation is out of the scope of the supply for the
TSCR system.

The Process Enclosure is located outdoors, and the Enclosure is subjected to wind, snow and
seismic loads. The basic structure of the Enclosure is built with HSS (Hollow Structural Sections)
and I-beams.

The base of the structure is built with 8” X 6” X 2” HSS and W8 X 31 I-beam. The outer frame
(corners and outer edge members) are made of 6” X 6” X 1/2” HSS and 6” X 6” X 5/16” HSS. The
other major members are made of 6” X 3” X '4” thk. tube steel. All other members are made of
various angle iron and tube steel sizes.

The overall structure has been analyzed using structural design software RISA 3D. The major frame
members and panels have been modeled in RISA 3D and the major components are applied in
RISA 3D as point loads based on the center of gravity. The structure has been checked for torsional
irregularity and for worst case stresses using AISC allowables based on the most conservative load
combination. The details of the seismic analysis of the Process Enclosure are detailed in Attachment
1 of this document.

All major components loads are taken into account in the RISA 3D analysis. However, the bolting
of the wall mounted components have not been modeled into RISA and will be analyzed as part of
this calculation.
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Process Enclosure Lifting analysis:

The Enclosure is lifted with slings from 4 lift points located on the base frame. The minimum lift
angle will be 70°. The two lift lugs on each side are located on the base frame member that runs
along the length of the enclosure. The lift analysis will be performed assuming all the load is borne
by the longitudinal member and the support provided by cross-members will be ignored for analysis
purposes. The load is assumed to be evenly distributed. The Enclosure is lifted without any of the
filters and IXC-150 columns installed inside the enclosure.

NN

Base Beam, 8" | .
X 6" x 1/2" thk. Lift Lug Location

for Crosby

AN S

Lift Lug Location
for Crosby

Figure 1: Isometric View of Process Enclosure showing lift points.

DESIGN INPUTS FOR LIFT ANALYSIS
Per Ref. 2.6, The lift weight = 70,000 Ibs.

The Center of Gravity is taken to be at the center of the Process Enclosure.
The lift weight does not include the weight of the filters and IXC-150 columns. These are to be

installed after the Enclosure is set in place. The Process Enclosure is designed to be lifted without
the above mentioned components and in a dry state ( No liquid inside the piping/components).
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3.3. MATERIAL PROPERTIES

All Enclosure structural materials are made of C.S.

Table 1: Material Properties of Carbon Steel

AVANTech, Incorporated

Material Yield Strength, KSI
ASTM A1085 HSS 50 (Fy) [Ref. 2.16]
ASTM A36 plate 36 [Ref. 2.3]
ASTM A572 Gr. 50 50 [Ref. 2.13]

Modulus of Elasticity: 29,000 KSI

The weld filler material/weld wire used will be a minimum of E7XT-1, Ultimate strength: 70 KSI.

[Ref. 2.14, Pg.508, Table 1U]

The Base beam is made of 8” X 6” X '4” thk. HSS.

Per Ref. 2.3, Table 1-11,

Area, A =11.6 in’.

b/t=9.9

h/t=14.2

Section Modulus = S = 24.6 in’.

Plastic Section Modulus = Z = 30.5 in’.

I'min=2.32 in.

4.0 ENCLOSURE FRAME ANALYSIS FOR LIFT

The lifting attachments and the members for lifting are evaluated in accordance with Ref. 2.17. The
Enclosure is lifted in a controlled lift in accordance with a pre-defined plan. The Enclosure is also
lifted only a few times during its lifetime. It is lifted for transportation and then for offloading and
setting it in place. It may be lifted in the future to move offsite after completion of all activities.
Due to the controlled lift and the limited number of lifts during the life time of the enclosure, the
Enclosure will be analyzed for reduced dynamic and contingency factors [Ref. 2.17, section 6.3.3].

A Dynamic factor of 10% shall be used.
A contingency factor of 5% shall be used.

During lifting and transportation, the IXC-150 vessels and the TSCR Filter vessels will not be
installed inside the enclosure. They will be placed inside after the Enclosure has been located at its

final position and anchored.
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L 11

m

LIFT POINT i

HIRDEE R
c=79" L |I = 250--' ! |C =79" |

[L= BEAM LENGTH = 408" |
Figure 2: Lift Point Location.

ACCEPTANCE CRITERIA FOR LIFTING

The acceptance criteria will be based on allowable stresses determined from equations listed in Ref.
2.3.

Factor of Safety = Allowable stress/calculated stress

A value greater than 1 indicates that the components exceeds the allowable stress or load capacity.

LIFT WEIGHT
Total Lift weight = 70,000 lbs. [Ref.2.6]

Applying a contingency factor of 5% (As explained in section 4.0)
And a dynamic factor of 10% (As explained in section 4.0)

1.05 x 1.10 x 70000 Ibs. = 80,850 Ibs.
Therefore, the lift load shall be 80,850 Ibs.

We shall assume that the load is distributed across 3 lift points ( for the purpose of calculating load
per lug).

Load per lift point = 80,850/3 = 26,950 Ibs.
Maximum Vertical reaction on beam at each support =26,950 Ibs.

Angle of Lift:

As descried in section 3.1, the minimum angle of lift = 70°.
Therefore maximum load per lift point = Load per lift point/ sin 70°

Simplifying, we get Maximum load per sling = 28,680 Ibs.

LOAD ON EACH BEAM

There are 2 lift points along the length of each beam
Therefore maximum load per each beam = 2 x maximum load per lift point

Maximum load per beam = 2 x 26,950 = 53,900 Ibs.
We shall assume that this load is evenly distributed across the length of the beam.
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Bending Moment in the Beam

From Section 4.3, maximum load per beam = 53,900 lbs.
The load is assumed to be evenly distributed on the beam.
The lift points are symmetric.

Therefore the load configuration is similar to Case 5 of Ref. 2.11 , Pg. 238
(Both Ends Overhanging supports symmetrically, uniform load).

From Ref. 2.11,
Stress at each support = Wc?/(2ZL)
Stress at center = (W/2ZL) x (c*- 0.25 1)

From Ref. 2.11, Case-5, if cross-section is constant, the greater of the two stresses above is the
maximum stress.

For the above equations, From Figure 2.

W = total load = 53,900 Ibs.

¢ = distance from lift point to end of the beam = 79”.

L =total length of beam = 408",

1 = distance between lift points = 250”

S = Section Modulus of member (defined in section 3.3)

From the above two equations, maximum bending moment will be greater of
Bending Moment at each support = Wc?/(2L)
Bending Moment at center = (W/2L) x (c* 0.25 I?)

Bending Moment at each support/lift point = 53,900 x 79%/ (2 x 408)
Bending Moment at each support/lift point = 412,243 in-1bs.

Bending Moment at center = (53,900/(2 x 408)) x (79° — 0.25 x 250%)
Bending Moment at center = - 619,850 in-1bs.

Maximum Bending Moment will be the greater of the magnitude of the two values above,

Hence Maximum Bending Moment = 619,850 in-Ibs. ( At center)
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Beam in Flexure

Per Ref. 2.3, F7, the nominal flexural strength M, shall be the lowest value obtained according to
the limit states of yielding, flange local buckling and web local buckling.

Per Ref. 2.3, for Yielding M, = M, = F,Z

Fy =150,000 psi for ASTM A1085 defined in section 3.3

Z =30.5in’ defined in section 3.3

Therefore Nominal Flexure strength= M, = M,, = 50,000 x 30.5
M; =M, = 1,525,000 in-1bs.

Determination of compact section:
For member flange,
If b/t ratio < 1.12 x (E/Fy)"?, then member flange is a compact section.

b/t =9.9 defined in section 3.3

E=29 E6. psi

Fy = 50,000 psi

Simplifying b/t <26.97

Therefore the member flange is a compact section and per Ref. 2.3, F7.2.a, for compact section,
the limit state of flange local buckling does not apply.

For Member Web,

If h/t <2.42 x (E/Fy)"* then member web is a compact section.

h/t = 14.2 defined in section 3.3

E=29 E6. psi

Fy = 50,000 psi

Simplifying h/t < 58.28

Therefore the member web is a compact section and per Ref. 2.3, F7.3.a, for compact section, the
limit state of web local buckling does not apply.

Therefore only yielding applies in flexure.
Therefore Nominal Flexure Strength = M, = M,, = 1,525,000 in-1bs.

Allowable Flexure Strength = M,/W, From Ref. 2.3, Section F1.

W, = 1.67 (Flexure Strength Factor), Ref, 2.3, Section F1.
Therefore Allowable Flexure Strength = 1,525,000/1.67 = 913,174 in-lbs.

It has been calculated in section 4.3.1, that magnitude of maximum bending moment = Bending
Moment at center = 619,850 in-Ibs.

Therefore Factor of Safety = Allowable Flexure Strength/Maximum Bending Moment
Factor of Safety = 913,174/ 619,850=1.47

Hence using the lift lugs located on the Base member (6” X 8” X 75” thk. HSS) is adequate for
lifting with a minimum sling angle of 70°.
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4.3.3. Beam in Shear

From Section 4.2, Maximum load per lift point = 26,950 lbs
From Ref. 2.3 and section 3.3 of this document,
Area of 8” X 6” X 15” HSS = 11.6 in’.

For HSS From Ref. 2.3, Section G5 and G2,
Nominal Shear Strength = V, = 0.6 FyAwCy

Fy =50,000 psi

Calculation of Ay

Ay, = 2ht from Ref. 2.3, Section G5

t=0.465 in. (for 8” X 6” X '42” HSS from Table 1-11 of Ref. 2.3)
h/t=14.2 (for 8” X 6” X /2” HSS from Table 1-11 of Ref. 2.3)
simplifying above, h=14.2 x t

Therefore h = 14.2 x 0.465 = 6.603 in.

Ay =2ht

Simplifying, Ay = 2 x 6.603 x 0.465 = 6.14 in’.

Calculation of Cy

Per Ref. 2.3, Section G2 (b)(i), C,=1.0

When h/t, <1.10,/k,E/F,

Where ty, =t (from Ref. 2.3, Section G5), t = 0.465 in. (shown above)
K, =5 (from Ref. 2.3, Section G5)

E =29 E6. psi

Fy=50,000 psi

h =6.603 in. (calculated above)
Simplifying we get, 14.2 < 59.24

As the equation is satisfied, Cy = 1.0

Nominal Shear Strength = V, = 0.6 FyA,,C,

Nominal Shear strength of Base member = 0.6 x 50,000 x 6.14 x 1.0 = 184,200 lbs.

But per Ref. 2.3, Section G1, Allowable shear strength = V,/W, W, = 1.67 Ref, 2.3, Section G1
Therefore Allowable Shear Strength of member = 184,200/1.67

Allowable Shear strength = 110,299 Ibs.

Factor of Safety = Allowable Shear strength/Maximum shear load

Factor of Safety = 110,299/26,950 = 4.09

Hence the 6” X 8” X 1/2” base member is adequate in shear also.
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4.3.4. Beam in compression
The maximum load due to sling angle = 28,680 lbs. (From section 4.2)
Angle of lift = 70°.
Horizontal reaction load = maximum load x cos 70°
Horizontal reaction load = 28,680 x cos 70°
Horizontal reaction load = 9809 1bs.
Flexural Buckling:

For Design of Members for Compression, from Ref. 2.3, Table E1.1 (16.1-32) for HSS cross
sections, E3 Applies and the limit state is Flexural Bending.

Laterally unbraced length = L =250 (Figure 2)
Effective length factor = K =1 (Ref 2.3, Table C-A-7.1, Case d, pg 16.1-511)

I'min= 2.32” ( From section 3.3)

KL/tmin = 107.76 Criteria 1 from Ref. 2.3, Section E3, Pg. 16.1-33
4.71 x (Eseel/Fy)"* = 113.43 Criteria 2 from Ref. 2.3, Section E3, Pg. 16.1-33

As criteria 2 is greater than criteria 1, Equation E3-2 of Ref. 2.3, Pg. 16.1-33 will apply.
Fe=[0.658 ™ ]F, (Equation E3-2 of Ref. 2.3)

Where F. is the elastic buckling stress determined in accordance with Equation E3-4 of Ref. 2.3
2
n°E
KLY

r

e

Using the values described above and material properties in section 3.3,
Simplifying, we get

F. = 24,649 psi.

Fy =50,000 psi.

Fer=[0.658 ™ ]F, (Equation E3-2 of Ref. 2.3)
Fer=[0.658 0000024699150 000 = 21,391 psi.

Nominal compressive strength = P,= F. x A (Equation E3-1 of Ref. 2.3)
A, = Gross cross-sectional area = 11.6 in® ( From section 3.3)

P,=21,391 x 11.6 = 248,136 lbs.
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Allowable compressive strength = P,/ W,

W, =1.67 (From Ref. 2.3, Section E1, Pg. 16.1-31)

Allowable compressive strength = P,/ W, = 248,136/1.67 = 148,584 1bs.
Factor of Safety = Allowable compressive strength/ Horizontal reaction load
Factor of Safety = 148,584/9809 = 15.14

Therefore the base beam is safe in compression also.

LIFTING LUG BLOCK.

A lifting lug block is welded to the HSS base member. This lug is drilled and tapped to take the
threaded hoist ring.

Load per each lifting lug block = load per each lift point due to the sling angle
Load per each lifting lug block = 28,680 1bs. ( From Section 4.2)

The lifting lug block will be evaluated as a round HSS member for cantilever loading.

Lifting Lug Block, OD = d,= 5" [From Ref. 2.9, Item 14 on sheet 3)
Lifting Lug Block , ID= di =2.0”

Material = ASTM A572, Gr 50

Minimum Yield Strength = 50,000 psi. [Ref. 2.13]

L,=1" distance from maximum to zero shear force (Ref. 2.3, Section G6, Pg. 16.1-72, Dimension
defined in Ref. 2.9, sheet 7)

t = (do-d;)/2 = 1.5, Thickness of lifting lug block

A =3.142 (d,*-d?)/4 = 16.50 in* , Area ( Ref. 2.3, Table 17-27, Pg. 17-39)

S =3.142 (do*-di*)/(32d,) = 11.96 in® , Section Modulus (Ref. 2.3, Table 17-27, Pg. 17-39)
Z=d,’/6 —di*/6 =19.5 in®, Plastic Section Modulus ( Ref. 2.3, Table 17-27, Pg. 17-39)
Cantilever distance = L, + load bearing distance on hoist (h)

h = distance from the figure below=2.41" from Ref. 2.18

Cantilever distance = 1+2.41 =3.41”
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Figure 3: Hoist ring dimensions.
Checking for minimum edge distance per AISC, Section J3.4, Pg. 16.1-122
Eq=1.25 d; = Minimum Edge distance required ( from Ref. 2.3, Table J3.4, Pg. 16.1-123)
Eqa=1.25%x2=2.5".
Edge distance = radius of lifting block
Lifting block OD = 5.,
Edge distance = 5/2 =2.5".

The available edge distance meets the minimum required edge distance of 2.5”. Hence the edge
distance is acceptable.

Lifting Lug Block in Flexure:

Moment on Lifting Lug Block = cantilever distance x load on lifting lug block

Moment on Lifting Lug Block =M = 3.41 x 28,680 = 97,799 in-lbs.

Per Ref. 2.3, Table B4.1b, Case 20, Pg. 16.1-17

When d,/t is less than 0.07 E/F, the section is a compact section.
do/t =5/1.5=3.333

0.07 E/Fy =0.07 x 29E6/50,000 = 40.6

Therefore the lifting lug block section is a compact section.
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For a round HSS, per section F8 of Ref. 2.3, Pg. 16.1-57,

When dot is less than 0.45E/Fy, then nominal flexural strength M, shall be the lower value obtained
according to the limit states of yielding and local buckling.

do/t=3.333
0.45E/F, =261,

As the condition is satisfied, M, shall be calculated as defined in section F8 of Ref. 2.3. However
for compact sections, per Ref. 2.3, section F8-2, local buckling does not apply for compact sections.

Therefore, only yielding shall be considered.

Nominal Flexural Strength, M, = M, = Fy Z (Ref. 2.3, Equation F8-1, Pg. 16.1-57)
M, = M, = 50,000 x 19.5 = 975,000 in-lbs.

Flexural Yielding Factor = W, = 1.67 ( Ref. 2.3, Section F1, Pg. 16.1-46)
Allowable Moment = Nominal Flexural strength/ Flexural Yielding factor
Allowable Moment = M, = My/ W, =975,000/1.67 = 583,832 in-Ibs.

Factor of Safety = Allowable Moment/ Moment on Lifting Lug Block

Factor of Safety = Ma/M = M = 583,832/ 97,799 = 5.97

Lifting Lug Block in Shear:

The nominal shear strength of a round HSS, according to a limit state of shear yielding is given as
Vi=Fua Ag/2 (Ref,, 2.3, Section G6, Pg. 16.1-72)
Where F.; is larger of the two values defined in equation G6-2a and G6-2b of Ref.2.3, Pg.16.1-72

1.60E

F::‘r=

2]
L,( D)4
D L Equation G6-2a, Ref. 2.3
E=29 E6 psi
L,=1"
D=5”
t=1.57

Simplifying, we get,
Fe: =23,035.87 ksi from Equation G6-2a, Ref. 2.3
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g . OT8E

D \2

t
.................. Equation G6-2b, Ref. 2.3

Simplifying , we get F,= 3716.84 ksi. From equation G6-2b, Ref. 2.3
But according to Section G6 of Ref. 2.3, F, shall not exceed 0.6F,.
Therefore Fe, = 0.6 X 50000 = 30,000 psi... Defining F.

Nominal Shear Strength = V.= F.r Ag/2 ( Ref. 2.3, Section G6, Pg. 16.1-72)

A, = Gross cross-sectional area = 16.50 in” calculated above in this same section.

Vi=Fa Ag/2 =30,000 x 16.50/2 = 247,500 Ibs.

Shear Yielding Factor = W, = 1.67 ( Ref. 2.3, Section F1, Pg. 16.1-67)
Allowable Shear strength = V, = V,/ W, =247,500/1.67 = 148,204 Ibs.

Factor of safety = Allowable Shear strength/Maximum load on lifting lug block
Factor of safety = 148,204/28,680 = 5.17

Weld Area of Lifting Lug Block.

- o W0
" (2/8) o,
3/8

—(w
Figure 4: Lift lug block welding.

The lifting lug block is welded to the HSS base frame with a 3/8” all around fillet weld on the

outside of the enclosure and a 3/8” bevel weld on the inside of the enclosure .
For calculation purposes, we shall only take the weld on one side.

Weld length =3.142 x 5=15.71".
Weld size = 0.375”.
Weld area of a fillet weld = 0.707 x 0.375 x 15.71 = 4.16 in>.

RPP-CALC-62464 Rev. 1
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Calculation of Allowable Weld Shear Strength:

For Base Metal:
Per Ref. 2.3, Section J4.2, for elements in shear, the available shear strength of connecting elements
in shear shall be the lower value according to the limit states of shear yielding and shear rupture.

Base Metal, Shear Yield:

Per Ref. 2.3, J4-3, For shear yielding of the element,
Rn = 0.60F, A,y

W = 1.50 Strength factor

Fy = 50,000 psi ( Lower of the yield strength of the HSS or the Lifting Lug Block), HSS F, =
50,000 psi (ASTM A1085), Lifting lug block Fy = 50,000 psi (ASTM A572 Gr.50)

Agy = Gross area subject to shear = 4.16 in’.

R, = 0.60 x 50,000 x 4.16 = 124,800 Ibs.
Ry/ =W =124,800/1.5 = 83,200 lbs. = Allowable Base Metal Shear Yield Strength.

Base Metal, Shear Rupture:
Per Ref. 2.3, J4-4, For shear yielding of the element,

Ry = 0.60F,Any
W =2.0 Strength factor

Fu= 65,000 psi ( Lower of the tensile strength of the HSS or the Lifting Lug Block), HSS F, =
65,000 psi (ASTM A1085), Lifting lug block F, = 65,000 psi (ASTM A572 Gr.50)

Any= Gross area subject to shear = 4.16 in’.

R, =0.60 x 65,000 x 4.16 = 162,240 Ibs.
Ry/W =162,240/2 = 81,120 1bs.= Allowable Base Metal Shear Rupture Strength.

Weld Shearing:

Per Ref. 2.3, Table J2.5,

Nominal available strength for shear for a fillet weld = Fpy =0.60Fgx«
Where, Fexx = 70 ksi.

Faw =0.60 x 70,000 = 42,000 psi.
W,, = 2.0, Strength factor- Ref, 2.3, Table J2.5

Per Ref. 2.3, Equation J2-3,
For Weld metal, Nominal weld metal strength,
Rl’lW = FHW X Awe

Where Ay = effective weld area =4.16 in’.
Ruw=42,000 x 4.16 = 174,720 Ibs.
Raw/ Wy, = 174,720/2 = 87,360 lbs. = allowable strength for weld shear.
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4.4.3.

4.5.

4.6.

AVANTech, Incorporated

Verification of Weld Shear Strength:

The minimum weld strength in shear shall be the minimum of all the allowable weld strengths
calculated in section 4.4.2

Minimum allowable weld strength in shear = 81,120 lbs.= Allowable Base Metal Shear Rupture
Strength.

Factor of Safety = Allowable strength/maximum load on each lifting block
Factor of safety = 81,120/28,680 = 2.83

Therefore the 3/8” fillet weld is sufficient for the lifting block.

HOIST RING.

A side pull Hoist ring is used to lift the Process Enclosure.
The load per each hoist ring = 28,680 1bs. From Section 4.2. ( This is based on the load being borne
by 3 lugs only)

The hoist ring = Crosby- HR-1200.
The design rating of the hoist ring = 29,000 lbs. (Ref. 2.18, Working Load Limit).

Factor of Safety =29,000/28,680 = 1.011
Therefore the selected hoist ring is adequate for the design load.

MOUNTING OF COMPONENTS WITHIN THE ENCLOSURE (2 OVER 1
EVALUATION).

A 2 over 1 review of all components and supports for the components has been performed for the
various components inside the Process Enclosure. It was determined that the following components
could fall/dislodge from their mounting locations and potentially cause a breach to the Process
Enclosure boundary.

IXC-150 Columns
Filters

Delay Tank
Shield boxes
Gamma Sensors
Air Receiver Tank
Control Panels

The major components ( IXC-150 columns, Filters, Delay Tank, shield boxes) and their
mounting/restraints are analyzed in the RISA analysis ( Attachment -1) and have been determined
to be adequate for the loading and will not fall over or damage the Enclosure. The supports for all
major equipment mounted inside the enclosure are also modeled in RISA and are analyzed as point
loads on those supports in the overall analysis of the enclosure which is detailed in Attachment-1.
However the mounting mechanism of the following equipment ( Gamma sensors, Air Receiver
Tank and Control Panel) to their respective supports are not analyzed in the RISA analysis. This
section will analyze the mounting/bolting mechanism for the 3 components identified for a 2 over
1 evaluation and that have not been analyzed for mounting/bolting.

The applicable loads and load combinations will be taken from the RISA analysis ( Attachment-1).
All 3 components are mounted by bolting to the support members.All bolts for mounting equipment
listed shall be ASTM A307.
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4.6.1.

Calculation of Allowable strength/stress.

For a bolted connection, per Ref. 2.3, Equation J3-1
The nominal shear/tensile strength of a bolt is given by

Ry =F.Ap

AVANTech, Incorporated

Where F, = Nominal Tensile Strength( Fy ) or Nominal shear strength ( Fpy )from TableJ3.2 of Ref.

23

All 3 components ( Gamma sensors, Air Receiver Tank and Control panel) use ASTM A307 bolts,

3/8” in diameter.

Nominal Strength of 3/8” diameter, ASTM A307 bolts:
For a 3/8” bolts,
Ay = Net tensile stress area = 0.0780 in? [From Ref. 2.3, Table 7-17]

For A307 Bolts, From Table J3.2 of Ref. 2.3
Nominal Tensile strength, Fy = 45,000 psi
Nominal Shear strength, F,, = 27,000 psi

Nominal shear strength of bolt = R, = FnyAyp
R, =27,000x 0.078 = 2,106 lbs.

Nominal Tensile strength of bolt = R, = Fy Ay
R, =45,000x 0.078 = 3,510 Ibs.

Allowables for Strength design for 3/8” diameter, ASTM A307 bolts:

From Section J3.6 of Ref. 2.3
Design Tensile or Shear Strength (Strength Design) = ® R,
®=0.75

Design Tensile strength of bolt = Nominal tensile strength of bolt x ®
Design Tensile strength of bolt = 3,510 x 0.75 = 2,632.5 1bs.

Design Shear strength of bolt = Nominal shear strength of bolt x @
Design Shear strength of bolt = 2,106 x 0.75 = 1,579.5 lbs.

Allowables for Stress design for 3/8” diameter, ASTM A307 bolts:
From Section J3.6 of Ref. 2.3

Allowable Tensile of Shear Stress (Allowable Stress Design) = R,/ W
W=2.0

Allowable Tensile strength = Nominal Tensile strength of bolt/ W
Allowable Tensile strength = 3,510/ 2 = 1,755 1bs.

Allowable Shear strength = Nominal Shear strength of bolt/ W
Allowable Shear strength =2,106/ 2 = 1,053 lbs.

RPP-CALC-62464 Rev. 1
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4.6.2. Gamma Sensors

Figure 5: Gamma Sensor Mounting.

Gamma sensor is mounted to 3” X 3” X Y4 angle iron members. These members are analyzed as
part of the overall enclosure frame weldment in Attachment-1. The load due to gamma sensors are
applied as point loads on the angle iron members at the mounting locations.

The Gamma sensors are mounted to the angle iron members with ASTM A307, 3/8” bolts. Each
sensor is mounted with 4 bolts.

The loading and load combinations have been developed in the RISA Analysis and the same loads
are taken for analyzing the bolts.

The Gamma sensor loading is analyzed in Sheets 25 and 26 of Attachment-1.
From Sheet 26 of Attachment 1, the most conservative load combinations are

For Allowable stress design = 1.08D + 0.7 Qg [Ref. 2.4, 2.4.1.5- Defined on sheet 26 of
Attachment-1]

For strength design = 1.32D + 1.5 Qg + 1.00L + 0.2S [Ref. 2.4, 12.4.3.2- Defined on sheet 26 of
Attachment-1]

From Sheet 26 of Attachment 1,

D = weight of gamma sensor = 463 1bs.

Qe =F, =287 Ibs.

L =0, S =0 (Located inside enclosure)
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Allowable Stress Design:
Maximum load = 1.08D + 0.7 Qg
Substituting, we get maximum load = 1.08 x 463 + 0.7 x 287 = 701 1bs.

The bolts are in shear.

Number of bolts = 4

To be conservative, we shall assume load is borne by only 2 bolts.

Load per bolt=701/2 = 350.5 1bs.

Allowable shear strength of 3/8” bolt for stress design = 1,053 Ibs. [calculated in 4.6.1]

Factor of safety = Allowable shear strength/load per bolt
Factor of safety = 1,053/350.5 = 3.00

Strength Design:
Maximum load = 1.32D + 1.5 Qg + 1.00L + 0.2S
Substituting, we get maximum load = 1.32 x 463 + 1.5 x 287 = 1,042 lbs.

The bolts are in shear.

Number of bolts = 4

To be conservative, we shall assume load is borne by only 2 bolts.

Load per bolt = 1,042/2 = 521 lbs.

Allowable shear strength of 3/8” bolt for strength design = 1,579.5 Ibs. [calculated in 4.6.1]

Factor of safety = Allowable shear strength/load per bolt
Factor of safety = 1,579.5/521 = 3.03

Hence the 3/8” bolts are adequate for the Gamma sensors.
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4.6.3. Air Receiver Tank

3/8" BOLT FOR
MOUNTING AIR-
RECEIVER TANK TO
ANGLE IRON

Figure 6: Air Receiver Tank Mounting.

Air Receiver Tank is mounted to 2” X 2” X 4 angle iron members. These members are analyzed
as part of the overall enclosure frame weldment in Attachment-1. The load due to the Air Receiver
Tank is applied as point loads on the angle iron members at the mounting locations.

The Air Receiver Tank is mounted to the angle iron members with ASTM A307, 3/8” bolts. The
Tank is mounted with 4 bolts.

The loading and load combinations have been developed in the RISA Analysis and the same loads
are taken for analyzing the bolts.

The Air Receiver Tank loading is analyzed in Sheets 29 and 30 of Attachment-1.
From Sheet 30 of Attachment 1, the most conservative load combinations are

For Allowable stress design = 1.08D + 0.7 Qg [Ref. 2.4, 2.4.1.5- Defined on sheet 30 of
Attachment-1]

For strength design = 1.32D + 1.5 Qg + 1.00L + 0.2S [Ref. 2.4, 12.4.3.2- Defined on sheet 30 of
Attachment-1]

From Sheet 30 of Attachment 1,

D = weight of Air Receiver Tank = 205 lbs.

Qe =F, =288 1bs.

L =0, S =0 (Located inside enclosure)
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Allowable Stress Design:
Maximum load = 1.08D + 0.7 Qg
Substituting, we get maximum load = 1.08 x 205 + 0.7 x 88 = 283 Ibs.

The bolts are in shear.

Number of bolts = 4

To be conservative, we shall assume load is borne by only 2 bolts.

Load per bolt =283/2 = 141.5 1bs.

Allowable shear strength of 3/8” bolt for stress design = 1,053 Ibs. [calculated in 4.6.1]

Factor of safety = Allowable shear strength/load per bolt
Factor of safety = 1,053/141.5 = 7.44

Strength Design:
Maximum load = 1.32D + 1.5 Qg + 1.00L + 0.2S
Substituting, we get maximum load = 1.32 x 205 + 1.5 x 88 =403 Ibs.

The bolts are in shear.

Number of bolts = 4

To be conservative, we shall assume load is borne by only 2 bolts.

Load per bolt =403/2 =201.5 1bs.

Allowable shear strength of 3/8” bolt for strength design = 1,579.5 Ibs. [calculated in 4.6.1]

Factor of safety = Allowable shear strength/load per bolt
Factor of safety = 1,579.5/201.5 = 7.84

Hence the 3/8” bolts are adequate for the Air Receiver Tank.
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4.6.4. Control Panel

Cinaersn__ D)

Figure 7: Electrical Cabinets (Control Panel).

There are Electrical Cabinets (control panels) mounted inside the airlock chamber (WP-ENCL-002
and WP-ENCL-004).

The cabinets are bolted to angle iron members in the frame. These members are analyzed as part
of the overall enclosure frame weldment in Attachment-1. The load due to the cabinets is applied
as point loads on the angle iron members at the mounting locations.

The cabinets are mounted to the angle iron members with ASTM A307, 3/8” bolts. The cabinets
are mounted with 4 bolts.

The loading and load combinations have been developed in the RISA Analysis and the same loads
are taken for analyzing the bolts.

The Cabinet loading is analyzed in Sheets 27 and 28 of Attachment-1.
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From Sheet 28 of Attachment 1, the most conservative load combinations are

For Allowable stress design = 1.08D + 0.7 Qg [Ref. 2.4, 2.4.1.5- Defined on sheet 28 of Attachment-
1]

For strength design = 1.32D + 1.5 Qg + 1.00L + 0.2S [Ref. 2.4, 12.4.3.2- Defined on sheet 28 of
Attachment-1]

The bolting shall be verified for the heavier cabinet (WP-ENCL-002) and if they are adequate, it
can be safely assumed that the same size bolts are adequate for the smaller cabinet.

From Sheet 28 of Attachment 1,

D = weight of cabinet = 750 1bs.

Qe =F, =312 lbs.

L=0,S=0 (Located inside enclosure)

Allowable Stress Design:
Maximum load = 1.08D + 0.7 Qg
Substituting, we get maximum load = 1.08 x 750 + 0.7 x 312 = 1,028 lbs.

The bolts are in shear.

Number of bolts = 4

To be conservative, we shall assume load is borne by only 2 bolts.

Load per bolt = 1,028/2 = 514 Ibs.

Allowable shear strength of 3/8” bolt for stress design = 1,053 Ibs. [calculated in 4.6.1]

Factor of safety = Allowable shear strength/load per bolt
Factor of safety = 1,053/514 =2.04

Strength Design:
Maximum load = 1.32D + 1.5 Qg + 1.00L + 0.2S

Substituting, we get maximum load = 1.32 x 750 + 1.5 x 312 = 1,458 lbs.

The bolts are in shear.

Number of bolts = 4

To be conservative, we shall assume load is borne by only 2 bolts.

Load per bolt = 1,458/2 = 729 Ibs.

Allowable shear strength of 3/8” bolt for strength design = 1,579.5 Ibs. [calculated in 4.6.1]

Factor of safety = Allowable shear strength/load per bolt
Factor of safety = 1,579.5/729 =2.17

Hence the 3/8” bolts are adequate for the larger electrical cabinet which implies that they are
adequate for smaller panels also.
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5.0 COMPUTER FOR SEISMIC AND STRUCTURAL CALCULATIONS

AVANTech, Incorporated

As explained in section 3.1, the overall structure has been analyzed using a commercial-off -the-
shelf (COTS) structural design software RISA 3D. The details of the RISA 3D analysis are

detailed in Attachment-1.

The computer characteristics are listed below.

Operating System:

64-bit Windows 10 Professional

Computer Identification:

DELLWKSTN4

Software Verification No.:

VV-Vertner W10

Software Name:

Software Version:

RISA 3D

17.0.2

RPP-CALC-62464 Rev. 1
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6.0 CONCLUSIONS

e The Structural Members of the enclosure are adequate to withstand the specified Natural
Phenomena Hazards and the enclosure will maintain its structural integrity under all design
conditions for worst case loading (see attachment 1)

e The Structural members of the enclosure are sufficient to lift the enclosure in its specified lift
condition (All Equipment is empty and the IXC-150 columns and the TSCR Filter housings are
not installed inside). The analysis is a conservative approach as it does not consider strength
provided by intermediate members in the process enclosure frame.

e The mounting arrangement (bolts) are adequate for the heavier components being mounted on the
walls of the enclosure.
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