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1.0 PURPOSE 

The purpose of this calculation is to perform detailed design of the Tank Side Cesium Removal (TSCR) Ion 
Exchange Column (IXC) Storage Pad and haul path using loading conditions per TFC-ENG-STD-06, Design 
Loads for Tank Farm Facilities, and operational loads for long-term storage of the IXCs. 

2.0 METHODOLOGY 

Per RPP-SPEC-62054, Rev. 2, the TSCR IXC Concrete Storage Pad System is Natural Phenomena Design 
Category (NDC) NDC-1.  The loads on the structure are determined in accordance with TFC-ENG-STD-06.  
Per TFC-ENG-STD-06, load combinations, allowable stresses, deformation, and strength requirements for 
NDC-1 structures, systems, and components (SSCs) shall comply with the American Concrete Institute (ACI) 
standard, ACI 318-14.  Seismic loading on the pad is determined in accordance with ACI 318-14 and 
TFC-ENG-STD-06 for SDC-1, Limit State A.  The seismic loading for the IXC anchor plate has been 
determined by others (RPP-CALC-62458, TSCR Weight and COG Calculation). 

The worst case loading scenario for the pad is with all 160 IXCs plus a forklift on it (see H-14-111605).   
 
Accidental drop scenario is not required for this general service evaluation. 

There are no significant temperature or radiation effects on the concrete from the IXCs which would require 
derating of the concrete strength or use of special materials (additives, special aggregates) in the concrete. 

3.0 DESIGN INPUTS 

1. Soil properties are per RPP-RPT-61401, Low-Activity Waste Pretreatment System South and East of AP 
Tank Farm Geotechnical Engineering Report.  Based upon this report, and the absence of saturated clay 
soil, liquefaction is not a concern.  This evaluation will utilize the worst case soil properties (for dune 
sand) for the design of the TSCR IXC storage pad. 
A. Allowable Soil Bearing Pressure = 1,500 psf.  This value is consistent with RPP-RPT-61401, 

Figure 7-1. 
B. Coefficient of friction = 0.55 (per RPP-RPT-61401, Section 7.2.2) 
C. Lateral soil bearing pressure = 150 psf/ft for Class 4 material (sand) per IBC 2015, Table 1806.2.  

RPP-RPT-61401, Section 7.2.2, shows a value of 390 psf for soil below 2-ft depth. 
D. Modulus of subgrade reaction = 250 pcf based upon typical Hanford area values and AASHTO 

1993, pg II-81, Section 4.2.2. 
2. The operating weight of the IXC is 26,763 lbs. (H-14-111250, Sh. 1, Attachment 2)  
3. The dimensions of the IXC are 34 in. in diameter x 121.25-in. tall.  (H-14-111250, Sh. 1, Attachment 2) 
4. The concrete strength (28-day compressive) is 4,500 psi and the reinforcing steel is ASTM A615 Gr. 60, 

fy = 60 ksi per H-14-111603, TSCR IXC Storage Area Civil General Notes and Legend, August 2019, 
and RPP-SPEC-62663, Construction Specification For: TSCR Upgrades, Waste Feed Delivery & TSCR 
IXC Storage Pad. 
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5. The forklift used for the design is the Kalmar®1 DCG160-12T model with a lifting capacity of 16,000 
kg (35,274 lb).  

6. The forklift tire pressure is approximately 1MPa per Kalmar Catalog. 
7. The storage pad is general service per RPP-SPEC-62054. 
8. The shear and moment loads per IXC anchoring plates are 42,889 lbf and 1,998,079 in*lbf. 

(RPP-CALC-62458, Section 7.1.4). This considers the application of Load Resistance Factor Design 
(LRFD) load factors of 1.0 for wind and seismic per ASCE 7-10, Section 2.3. 

4.0 ASSUMPTIONS 

There are no unverified assumptions in the calculation. 

5.0 COMPUTER SOFTWARE 

No unverified computer software was used in this analysis.  Mathcad®3, Release 14.0, was used for the hand 
calculations and was checked using a handheld calculator.  

ANSYS® was used in Appendix A and is described therein. 

6.0 RESULTS 

The TSCR IXC Storage Pad options as detailed in drawings H-14-111603, TSCR IXC Storage Area Civil 
General Notes & Legend; H-14-111605, TSCR IXC Storage Area Civil Grading Plan; H-14-111606, TSCR IXC 
Storage Area Civil Enlarged Plan; H-14-111608, TSCR IXC Storage Area Civil Security Fence & Pad Dets; 
and H-14-111609, TSCR IXC Storage Area Civil Sections & Details, are adequate for the given loading 
conditions.  See Section 8.0, Calculations, for complete results. 

7.0 REFERENCES 

AASHTO 1993, AASHTO Guide for Design of Pavement Structures, American Association of State Highway 
and Transport Officials. 

ACI 318-14, 2014, Building Code Requirements for Structural Concrete and Commentary, American Concrete 
Institute, Farmington Hills, MI. 

AISC 360-10, 2011, Specification for Structural Steel Buildings, 14th Edition, American Institute of Steel 
Construction, Chicago, IL. 

ASCE 7-10, 2010, Minimum Design Loads for Buildings and Other Structures, American Society of Civil 
Engineers, Reston, VA. 

Avallone, Eugene A. and Baumeister, Theodore, Marks’ Standard Handbook for Mechanical Engineers, 10th 
Edition, 1996, McGraw-Hill, Inc., NY. 

                                                 
1 Kalmar is a registered trademark of Cargotec Corporation, Helsinki, Finland. 
3 Mathcad is a registered trademark of PTC Inc., Needham, Massachusetts. 
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Email, Bruce Carpenter to Jeff Martin, “Updated Design Response Spectra per Waiver 271,” dated 5/30/2019. 
(Provided in Attachment 4) 

H-14-111250, Sh. 1, General Arrangement IXC-150, Rev. 2, Avantech Inc., Richland, WA.  (Provided in 
Attachment 2.) 

H-14-111293, Sheet 1, TSCR Anchoring Base for Storage Pad, Rev. 0, U.S. Department of Energy, Office of 
River Protection, Richland, WA. 

H-14-111603, Sheet 1, 2019, TSCR IXC Storage Area Civil General Notes and Legend, Rev. 0, U.S. 
Department of Energy, Office of River Protection, Richland, WA. 

H-14-111605, Sheet 1, TSCR IXC Storage Area Civil Grading Plan, Rev. 0, U.S. Department of Energy, Office 
of River Protection, Richland, WA. 

H-14-111606, Sheet 1, TSCR IXC Storage Area Civil Enlarged Plan, Rev. 0, U.S. Department of Energy, 
Office of River Protection, Richland, WA. 

H-14-111608, Sheet 1, TSCR IXC Storage Area Civil Security Fence & Pad Dets, Rev. 0, U.S. Department of 
Energy, Office of River Protection, Richland, WA. 

H-14-111609, Sheet 1, TSCR IXC Storage Area Civil Sections & Details , Rev. 0, U.S. Department of Energy, 
Office of River Protection, Richland, WA. 

Kalmar Medium Forklifts DCG90-180, Catalog SB-LTG18-EN-WW, January 18, 2017, Cargotec Sweden AB. 
(Catalog page provided in Attachment 1.) 

IBC, 2015, International Building Code, International Code Council, Country Club Hills, IL. 

Lindeburg, Michael R., Civil Engineering Reference Manual, 11th Edition, Professional Publications, Inc., 
Belmont, CA, 2008. 

Nelson Stud Welding, In Stock Studs & Standards, 2017, Nelson Stud Welding, Elyria, OH. (Provided in 
Attachment 3.) 

Nilson, A. H., Darwin, D., Dolan, C. W., Design of Concrete Structures, 13th Edition, 2004, McGraw-Hill, New 
York, NY. 

PCA Engineering Bulletin, 2008, Concrete Floors on Ground, Portland Cement Association. 

PCI, PCI Design Handbook, Precast and Prestressed Concrete, 6th Edition, 2004, Precast/Prestressed Concrete 
Institute, Chicago, IL. 

RPP-CALC-62458, TSCR Anchoring Base for Storage Pad – Seismic Calculation, Rev 0, U.S. Department of 
Energy, Office of River Protection, Richland, WA. 
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RPP-CALC-62572, IXC-150 Drop Analysis, Rev 0, U.S. Department of Energy, Office of River Protection, 
Richland, WA. 

RPP-RPT-61401 (65668-000-SUB-005-001), 2019, Low-Activity Waste Pretreatment System South and East of 
AP Tank Farm Geotechnical Engineering Report, Rev. 0, Washington River Protection Solutions, LLC, 
Richland, WA. 

RPP-SPEC-62054, 2019, TSCR IXC Concrete Storage Pad System: Tank Farm System Infrastructure Updates 
Specification, Rev. 2, Washington River Protection Solutions, LLC, Richland, WA. 

RPP-SPEC-62663, 2019, Construction Specification For: TSCR Upgrades, Waste Feed Delivery & TSCR IXC 
Storage Pad, Rev. 0, Washington River Protection Solutions, LLC, Richland, WA. 

TFC-ENG-STD-06, Design Loads for Tank Farm Facilities, Rev. D-1, Washington River Protection Solutions, 
LLC, Richland, WA. 

TM 5-809-1, August 1987, Concrete Floor Slabs on Grade Subjected to Heavy Loads, Headquarters 
Departments of the Army and the Air Force, Washington D.C.  

VV-18-02-067, 2018, Software Verification and Validation Sheet, for ANSYS 18.2, Sargent & Lundy, Richland, 
WA. 
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8.0 CALCULATIONS

8.1 Material Properties and Dimensions

padthk 12 in:= Thickness of IXC storage pad. (H-14-111608, Sh 1)

ρconc 150pcf:= Density of concrete. (AISC 14th Ed., Table 17-12)

fy 60 ksi:= Yield strength of rebar. (See Design Inputs)

fc 4500 psi:= Concrete compressive strength. (See Design Inputs)

Ec 57000
fc

psi
 psi( ) 3824 ksi=:= Concrete modulus of elasticity. (ACI 318-14, Section 19.2.2.1)

Poisson's ratio for concrete. (Mark's Handbook for Mechanical
Engineers, pg 5-15)νconcrete 0.15:=

Es 29 10
6

 psi:= Rebar modulus of elasticity, ACI 318-14, Section 20.2.2.2.

concrete_cover 3 in:= Concrete cover at bottom of slab. (H-14-111608, Sh 1)

IXCheight 121.25 in 10.10 ft=:= Height of IXC. (See Design Inputs)

IXCdia 34in 2.83 ft=:= Diameter of IXC. (See Design Inputs)

IXCweight 26763lb:= Operating weight of the IXC. (See Design Inputs)

wtflift 22400 16000+( )kg 84658 lb=:= Operating weight of the forklift. (See Attachment 1)

ptire 1MPa 145.0 psi=:= Forklift tire pressure (maximum). (See Design Inputs)

axle_loadfront 11900kg 26235 lb=:= Front axle load of forklift (unloaded is worst case). (See
Attachment 1)

axle_loadrear 35800kg 78925 lb=:= Rear axle load of forklift (loaded is worst case). (See Attachment
1)

nIXC 160:= Number of IXCs on the storage pad. (See Methodology)

Lpad 102ft 8in+:= Bpad 80ft 8in+ 25ft- 55.7 ft=:= Length and width of TSCR IXC Storage Pad. (H-14-111606, Sh
1)

Mathcad
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8.2 Determine Loads on the Concrete Pad

This section determines the loads on the TSCR IXC storage pad.

Dead Load

The TSCR IXC storage pad self-weight is the only dead load. 

Live Load

The live loads consist of the IXCs and the forklift (loads previously defined).

Snow and Ash Load

SNOW LOAD

pg 15psf:= Ground snow load. (TFC-ENG-STD-06, Table 3)

Is 1.0:= Importance factor. (TFC-ENG-STD-06, Table 3) Conservatively
using PDC-1 criteria.

Ce 1.0:= Exposure factor. (ASCE 7-10, Table 7-2)

Ct 1.2:= Thermal factor. Utilize unheated value. (ASCE 7-10, Table 7-3)

pf 0.7 Ce Ct Is pg 12.6 psf=:= Flat roof snow load. (ASCE 7-10, Section 7.3)

ASH LOAD 

pa 3.2 psf:= Ashfall loading. (TFC-ENG-STD-06, 3.5.6) Conservatively using
VDC-1 criteria.

FSA max pf pa, ( ) 12.6 psf=:= Worst case snow/ash load.

Mathcad
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Seismic Load on the Structure (ASCE 7-10)

Design spectral horizontal acceleration parameter at short periods.
(ASCE 7-10, Figure 11.4-1 and Email - Carpenter to Martin)SDS 0.2858g:=

Importance factor for SDC-1 seismic. (TFC-ENG-STD-06,
Section 3.5.5.1)Ie 1.0:=

Ratio of the height in structure of point of attachment of
component to the average roof height of structure. The
attachment is located at the foundation at grade.

z_h 0:=

Component amplification factor for other mechanical
components. (ASCE 7-10, Table 13.6-1)ap 1.0:=

Component response modification factor for other mechanical
components. (ASCE 7-10, Table 13.6-1)Rp 1.5:=

Fpnom

0.4 ap SDS

Rp

Ie

1 2 z_h( )+[ ] 0.08 g=:= Horizontal seismic force. (ASCE 7-10, eq 13.3-1)

Fpmax 1.6SDS Ie 0.46 g=:= Maximum lateral seismic acceleration. (ASCE 7-10, eq 13.3-2)

Fpmin 0.3SDS Ie 0.09 g=:= Minimum lateral seismic acceleration. (ASCE 7-10, eq 13.3-3)

Fp Fpmin Fpnom Fpmin<if

Fpmax Fpnom Fpmax>if

Fpnom otherwise

0.09 g=:=
Minimum lateral acceleration to use for design purposes.

Fv 0.2SDS Ie 0.06 g=:= Design vertical seismic acceleration. (ASCE 7-10, eq 12.4-4) 

Figure 8-1: TSCR IXC Storage Pad Illustration
No Scale

Mathcad
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wfoot 12in:= Width of the pad footing. (See Design Inputs)

tfoot 2.5ft:= Approximate nominal thickness of the pad footing. (H-14-111608,
Sh 1)

dfoot tfoot 6in- 24.0 in=:= Depth below grade of the pad footing. (H-14-111608, Sh 1)

Vpad padthk Bpad Lpad tfoot padthk-( ) wfoot 2 Bpad 2 Lpad 2 wfoot-( )+ +

tfoot padthk-( ) tfoot padthk-( ) 2 Bpad 2 Lpad 2 wfoot-( )+ 

2
+

... 242.1 yd
3

=:= Volume of the pad.

Wtpad Vpad ρconc 980 kip=:= Approximate pad weight.

Fp_pad Fp

Wtpad

g
 84 kip=:= Design horizontal seismic force for the pad.

Fp_IXC Fp nIXC IXCweight 367 kip=:= Design horizontal seismic force for the IXCs.

Fv_IXC Fv nIXC IXCweight 245 kip=:= Design vertical seismic force for the IXCs.

Mathcad

Sas'qe'it S Ltiutciv

RPP-CALC-62547 Rev.00 9/20/2019 - 5:52 PM 16 of 71



Project No. S78918.001

RPP-CALC-62547, Rev 0
CALCULATION SHEET

Calculation Title: Structural Analysis of TSCR 
IXC Storage Pad

Calc. No. 078908.18.01-S-001
Rev. 0       Page 14 of  68

Prepared By: JR Martin Date: 9/16/19
 Checked By: CM Conselman Date: 9/16/19

Wind Load (ASCE 7 Chapter 29)

V 110mph:= Basic Straight Wind Design Speed. (TFC-ENG-STD-06, Table 4)

Iw 1.0:= Importance factor. (TFC-ENG-STD-06, Table 4)

Kzt 1.0:= Topographic factor. (ASCE 7-10, Section 26.8.2)

Kd 0.95:= Directionality factor. (ASCE 7-10, Table 26.6-1)

Velocity pressure exposure coefficient. (ASCE 7-10, Table
29.3-1, Exposure Category C per TFC-ENG-STD-06)Kz 0.85:=

G 0.85:= Gust effect factor. (ASCE 7-10, Section 26.9)

GCpi 0.18:= (+/-) Internal pressure coefficient. (ASCE 7-10, Table 26.11-1)

qz 0.00256 Kz Kzt Kd
V

mph









2

 Iw psf 25.0 psf=:= Velocity pressure. (ASCE 7-10, Equation 29.3-1) 

px

IXCdia

ft

qz

psi
 1.18=:= Cross-section parameter. (ASCE 7-10, Figure 29.5-1)

h_d
IXCheight

IXCdia
3.57=:= Height to diameter ratio.

interp1
1

7









:= interp2
0.7

0.8









:= Interpolation values from ASCE 7-10, Figure 29.5-1.

Cf linterp interp1 interp2, h_d, ( ) 0.74=:= Force coefficient interpolated from ASCE 7-10, Figure 29.5-1.

Projected area normal to the wind except where Cf is specified for

the actual surface area. (ASCE 7-10, Section 29.5)
Af IXCdia IXCheight 28.6 ft

2
=:=

Fw qz G Cf Af 452.1 lbf=:= Wind design pressure. (ASCE 7-10, eq 29.5-1)

The wind loading is minimal compared to the seismic loading (even considering the wind applied to a full row or column of
IXCs). Therefore, wind will not be evaluated further.

Mathcad
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8.3 Evaluate Soil Loading

Load Combinations

TFC-ENG-STD-06, Section 3.5.12 directs the use of IBC, Section 1605 for load combinations. This evaluation will use
Allowable Stress Design for the bearing pressure and sliding evaluations and Strength Design for the concrete evaluations.

Dead (D), Live (L), Seismic (E), and Snow (S) load combinations.

eq 16-9
eq 16-11

Dcomb_asd

1

1

1

1

0.6

















:= Lcomb_asd

1

0.75

0

0.75

0

















:= Ecomb_asd

0

0

0.7

0.75 0.7

0.7

















:= Scomb_asd

0

0.75

0

0.75

0

















:= eq 16-12

eq 16-13
eq 16-16

Apply moment and vertical load as approximately centered on the pad.

Note that the bearing pressure evaluation applies the IXC loads as a live load which is worst case over applying the vertical
seismic.
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1605.3.1 Basic load combinations. Where allowable
stress design (working stress design), as pemütted by this
code. is used. structures and portions thereof shall resist
the most critical effects resulting from the following com-
binations of loads:

D -F (Equation 16-8)

(Equation 16-9)

D ± H F± (L. or S or R) (Equation 16-10)

D+H±F±O.75(L) —075(L, orSorR) (Equation 16-11)

D€-H+F±(0.6WorO.7E) (Equation 16-12)

D--H~F-- O.75(0.61fl+0.75L —O75(L, orSorR)
(Equation 16-13)

D—H—F-0.75(O.7E)-0.75L—O.755
(Equation 16-14)

O.6D O.6JF-H (Equation 16-15)

O.6(D - F, - O.7E—H (Equation 16-16)
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Soil Bearing Pressure

P Dcomb_asd Wtpad Lcomb_asd IXCweight g nIXC wtflift g+( )+

Scomb_asd FSA Bpad Lpad+

...

5347

4309

980

4309

588

















kip=:= Total vertical load acting on pad.

Moment acting on pad
due to seismic loading
on the IXCs and pad.
Note that applying the
moment of the IXCs
(pinned connection to
pad) is conservative.

MB Ecomb_asd Fp_pad

padthk

2
 Fp_IXC

IXCheight

2
padthk+









+










0.00

0.00

1584.82

1188.61

1584.82

















ft kip=:=

εB

MB

P

0.0

0.0

19.4

3.3

32.3

















in=:= Eccentricity of the pad loading. (Lindeburg, eq 36.20)

B Bpad 55.7 ft=:= Pad width.

The value B/6 is greater than εB for all cases. A reduction in

footing contact area need not be applied. (Lindeburg, pg 36-8 and
Design of Concrete Structures, pg 548)

B

6
111.3 in=

Distance from the pivot point of the footing to the maximum
magnitude of the soil pressure. (See Design of Concrete Structures,
pg 548)

mf
B

2
εB-

334.0

334.0

314.6

330.7

301.7

















in=:=
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Maximum soil bearing pressure. (Design of
Concrete Structures, pg. 548)pmax

P
1

B Lpad
1

6 εB
1



B
+









 εB
1

B

6
if

2 P
1



3 B Lpad
otherwise

P
2

B Lpad
1

6 εB
2



B
+









 εB
2

B

6
if

2 P
2



3 B Lpad
otherwise

P
3

B Lpad
1

6 εB
3



B
+









 εB
3

B

6
if

2 P
3



3 B Lpad
otherwise

P
4

B Lpad
1

6 εB
4



B
+









 εB
4

B

6
if

2 P
4



3 B Lpad
otherwise



























































936

754

201

776













psf=:=

pallow 1500 psf:= Allowable bearing pressure on the soil. (See Design Inputs)

DCRsoil

pmax

pallow

0.62

0.50

0.13

0.52













=:=
DCRsoil max DCRsoil( ) 0.62=:= DCR is less than 1.0; therefore, OK.
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Sliding Resistance

The horizontal seismic of the IXCs is included as well as the IXC weights.

Coefficient of friction and lateral bearing
pressure for soil. (See Design Inputs)μsoil 0.55:= latsoil_shallow 150

psf

ft
:= latsoil 390

psf

ft
:=

Fricpad P IXCweight g nIXC+ Ecomb_asd Fv_IXC-( ) μsoil

5296

4725

2800

4655

2584

















kip=:= Frictional sliding resistance of the pad.

Lateral load acting on pad due to seismic loading on the pad and
IXCs. Note that the pad weight is not included in the sliding
evaluation. This is common practice for evaluation of
structures/foundations.

Latload Ecomb_asd Fp_IXC

0

0

257

193

257

















kip=:=

Latpad dfoot padthk-( ) min Bpad Lpad, ( )
2

3
dfoot padthk-( )








 latsoil

dfoot 2ft-( ) min Bpad Lpad, ( )
2

3
dfoot








 latsoil+

...

2ft min Bpad Lpad, ( )
2

3
2ft( )








 latsoil_shallow+

...

37 kip=:=

Lateral soil sliding resistance.

Latresist Fricpad Latpad+

5333

4762

2837

4691

2621

















kip=:= Resistance to sliding.

DCRslide

Latload

Latresist

0.00

0.00

0.09

0.04

0.10

















=:=
DCRslide max DCRslide( ) 0.10=:= Worst case DCR is less than 1.0; therefore, OK.
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8.4 Evaluate Pad Strength

Pad strength will be evaluated using ACI 318.

Load Combinations

Load combinations are taken from IBC, Section 1605.

Dead (D), Live (L), Seismic (E), and Snow (S) load combinations for IBC, Section 1605. Note that equations which have
been omitted are not worst case by comparison.

eq 16-1
eq 16-2

Dcomb

1.4

1.2

1.2

1.2

0.9

















:= Lcomb

0

1.6

1.6

0

0

















:= Ecomb

0

0

0

1

1.0

















:= Scomb

0

0.5

0

0.7

0

















:= eq 16-3

eq 16-6

eq 16-7

Punching Shear

Two cases will be evaluated for punching shear: An IXC and a forklift tire at maximum operating weight. The punching
shear capacity will be determined per the guidelines of ACI 318-14, Section 22.6.4.1.  Per Section 22.6.4.1 of ACI 318-14,
the critical section is located at a distance of d/2 from the edge of the IXC.

Per Section 22.6.5.2, the allowable shear is determined using Equations from Table 22.6.5.2.
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1605.2 Load combinations using strength design or load
and resistance factor design. Where stxenrh design or load
andiesistance factot design is used. buildings and other stntc-
ntres. and portions thereof. shall be designed to resist the
most critical effects resulting from the following conibina-
tions of factored loads:

l4(D±F) (Equation 16-1)

1.2(D-F)--1.6(L—R)'-0.5(L.orsorR)
(Equation 16-2)

l2(D--F) + 1.6(L, orSorR)+ I.6H+(J1LorO.5fl)
(Equation 16-3)

l2(D--F)-- 1.OW-4-JL+ 1.6H-0.5(L, orSorR)
(Equation 16-4)

l2(D+F) -'- 1.OE+f1L - 1.6H—S (Equation 16-5)

O.9D— lOIP' 1.6H (Equation 16-6)

09(D + F) - 1.OE+ I .6H (Equation 16-7)
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IXC Punching Shear

β 1.0:= Ratio of long side to short side, circular IXC.

α 20:= From Section 22.6.5.3 of ACI 318-14, define value for corner
columns, conservative.

cm 3in:= Minimum cover. (H-14-111608, Sh 1)

tr
6

8
in:= Reinforcement diameter. (H-14-111608, Sh 1)

dr padthk cm-
tr

2
- 8.62 in=:= Effective depth of the concrete. (Lindeburg, pg 55-2)

bo π IXCdia 2
dr

2









+








 11.2 ft=:= Circumference of punching shear evaluation zone.

Modification factor for normal weight concrete. (ACI 318-14,
Section 19.2.4.2)λ 1.0:=

Allowable shear loading, Table 22.6.5.2 from ACI 318-14.
vcA 4 λ

fc

psi
 psi 268 psi=:=

Allowable shear loading, Table 22.6.5.2 from ACI 318-14.
vcB 2

4

β
+








λ( )
fc

psi
 psi 402 psi=:=

Allowable shear loading, Table 22.6.5.2 from ACI 318-14.
vcC 2

α
dr

in


bo

ft

+















λ
fc

psi
 psi









 487 psi=:=

vc min vcA vcB, vcC, ( ) 268 psi=:= Nominal shear strength.

Applied
punching shear
load, including
LRFD load
factors. Moment
is applied as
shear load acting
at center of
IXC.

Vapplied_punch_IXC max
1.6 IXCweight g

bo( ) dr( )

1.0 IXCweight g

bo( ) dr( )

1.0
Fp_IXC

nIXC


IXCheight

2


















bo dr
IXCdia

2


+, 















5339 psf=:=

ϕshear 0.75:= Capacity reduction factor for shear. (ACI 318-14, Section 21.2.1)

DCRshear_punch_IXC

Vapplied_punch_IXC

ϕshear vc
0.18=:= DCR is less than 1.0; therefore, OK.
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Forklift Punching Shear

Maximum concentrated point load from the
forklift wheels. The forklift has four wheels on
the front and two on the back.

wheel_loadflift max
axle_loadfront

4

axle_loadrear

2
, 









39463 lb=:=

tirearea

wheel_loadflift g

ptire
272 in

2
=:= Estimated area of contact of a worst case fully loaded tire.

tirewidth 12.6in:= Width of tire. (See Attachment 1)

tirec_length

tirearea

tirewidth
21.6 in=:= Approximate contact length of the tire.

tire_conclength dr tirec_length+ 30.2 in=:=
Perimeter dimensions of punching shear area located at critical
distance d/2 from load imprint.

tire_concwidth dr tirewidth+ 21.2 in=:=

tire_conc_perim 2 tire_conclength tire_concwidth+( ) 102.9 in=:= Total perimeter length of punching shear area.

Vtire ϕshear vc( ) tire_conc_perim dr( ) 178588 lbf=:= Allowable load on concrete forklift wheel area.

DCRpunch.shear.flift

wheel_loadflift g

Vtire
0.22=:= DCR is less than 1.0; therefore, OK.

Additionally, check the two front tires side-by-side.

wheel_loadflift

axle_loadfront

2
13118 lb=:=

tire_conc_perim 2 tire_conclength 2 tire_concwidth+( ) 145.3 in=:= Total perimeter length of punching shear area.

Vtire ϕshear vc( ) tire_conc_perim dr( ) 252271 lbf=:= Allowable load on concrete forklift wheel area.

DCRpunch.shear.flift

wheel_loadflift g

Vtire
0.05=:= DCR is less than 1.0; therefore, OK.
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One-Way Shear
Length of perimeter between the edge of the IXCs and the edge
of the pad. (H-14-111605, Sh 1)Lpedge 5ft:=

LIXCm Lpad 2 Lpedge- 92.7 ft=:= Length of IXC matrix.

BIXCm Bpad 2Lpedge- 45.7 ft=:= Width of IXC matrix.

Pu Lcomb IXCweight g nIXC wtflift g+( )

Ecomb Fv_IXC Scomb FSA LIXCm BIXCm++

...

0

7013

6987

282

245

















kip=:= Total vertical load acting on pad.

Moment acting on pad due to seismic loading on the IXCs. Note
that applying the moment of the IXCs (pinned connection to pad)
is conservative.

Mu Ecomb Fp_IXC
IXCheight

2











0

0

0

1855

1855

















ft kip=:=

Approximate maximum distance from critical section to the edge
of the concrete pad. (See illustration on Lindeburg, Figure 55.3)e1

Lpad LIXCm- dr-

2
4.6 ft=:=

Approximate maximum distance from critical section to the edge
of the concrete pad. (See illustration on Lindeburg, Figure 55.3)e2

Bpad BIXCm- dr-

2
4.6 ft=:=

Pressure under pad (moment in lengthwise
direction). Conservatively apply moment at
center of critical section. (Lindeburg, eq 55.11)

qu1

Pu

Lpad Bpad

Mu

Lpad

2

e1

2
-









e1 Bpad( )

+

0.0

1227.2

1222.5

195.9

189.3

















psf=:=

Pressure under pad (moment in widthwise
direction). Conservatively apply moment at
center of critical section. (Lindeburg, eq 55.11)

qu2

Pu

Lpad Bpad

Mu

Bpad

2

e2

2
-









e2 Lpad( )

+

0.0

1227.2

1222.5

202.0

195.4

















psf=:=

Pressure under pad (max). Conservatively apply
moment at center of critical section. (Lindeburg,
eq 55.11)

qu max qu1 qu2, ( ) 1227.2 psf=:=

υu

qu e1

dr
55.0 psi=:= Shear stress due to factored loads. (Lindeburg, eq 55.12)

υc 2 λ
fc

psi
 psi 134.2 psi=:= Nominal concrete shear stress. (ACI 318-14, eq 22.5.5.1)

DCRoneway max
υu

ϕshear υc









0.55=:= Worst case DCR is less than 1.0; therefore, OK.
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Pad Reinforcement

Mu1 200kip ft:= Moment acting at the critical section (moment in lengthwise
direction). (See Appendix A, Load Case 5, rounded up)

Mu2 200kip ft:= Moment acting at the critical section (moment in widthwise
direction). (See Appendix A, Load Case 5, rounded up)

Ar

π tr
2

4
0.442 in

2
=:= Reinforcement cross-sectional area.

sr 12in:= Reinforcement spacing. (H-14-111608)

As1 Ar

Bpad

sr
 24.593 in

2
=:= Reinforcement area in width of pad.

As2 Ar

Lpad

sr
 45.357 in

2
=:= Reinforcement area in length of pad.

Ac1

fy As1

0.85
0.05 fc 4000psi-( )

1000psi
-









fc

397.5 in
2

=:= Required concrete area (width) to match steel strength. (ACI
318-14, Table 22.2.2.4.3)

Ac2

fy As2

0.85
0.05 fc 4000psi-( )

1000psi
-









fc

733.0 in
2

=:= Required concrete area (length) to match steel strength. (ACI
318-14, Table 22.2.2.4.3)

λ1

Ac1

2 Bpad
0.30 in=:= Distance from centroid of extreme compression area to extreme

compression fiber (moment in lengthwise direction). (Lindeburg,
pg 55-8)

Distance from centroid of extreme compression area to extreme
compression fiber (moment in widthwise direction). (Lindeburg,
pg 55-8)

λ2

Ac2

2 Lpad
0.30 in=:=
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concrete compressive strength = steel tensile strength

0.85 f'c b a As fy=

See figure to left for visual.

ϕ 0.90:= Capacity reduction factor. (ACI 318-14, Section 21.2)

As_req1

Mu1

ϕ fy dr λ1-( )
5.3 in

2
=:= Minimum steel area (moment in lengthwise direction).

(Lindeburg, eq 55.24)

As_req2

Mu2

ϕ fy dr λ2-( )
5.3 in

2
=:= Minimum steel area (moment in widthwise direction).

(Lindeburg, eq 55.24)

Required area of shrinkage and temperature reinforcement
(width). (ACI 318-14, Section 7.6.1.1)As_shrink1 0.0018 padthk Bpad 14.43 in

2
=:=

Required area of shrinkage and temperature reinforcement
(length). (ACI 318-14, Section 7.6.1.1)As_shrink2 0.0018 padthk Lpad 26.61 in

2
=:=

As_min1 max As_req1 As_shrink1, ( ) 14.43 in
2

=:= Minimum required area of reinforcement (width).

As_min2 max As_req2 As_shrink2, ( ) 26.61 in
2

=:= Minimum required area of reinforcement (length).

DCRreinforcement1

As_min1

As1
0.59=:= DCR is less than 1.0; therefore, OK.

DCRreinforcement2

As_min2

As2
0.59=:= DCR is less than 1.0; therefore, OK.

Check the reinforcement spacing per ACI 318-14, Section 7.7.2.3

Sp_Check "Reinforcement spacing acceptable." sr min 18in 3 padthk, ( )<if

"Reinforcement spacing not acceptable." otherwise

"Reinforcement spacing acceptable."=:=
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trt
6

8
in:= Diameter of the top reinforcement.

srt 12in:= Spacing of the top reinforcement.

DCRshrink1

As_shrink1

π trt
2

4

Bpad

srt


0.59=:= DCR is less than 1.0; therefore, OK.

DCRshrink2

As_shrink2

π trt
2

4

Lpad

srt


0.59=:= DCR is less than 1.0; therefore, OK.

Development Length of Reinforcement

λ 1.0:= Lightweight aggregate factor. (Lindeburg, pg 55-5 and ACI
318-14, Table 25.4.2.4)

ψt 1.0:= Reinforcement location factor. (Lindeburg, pg 55-5 and ACI
318-14, Table 25.4.2.4)

ψe 1.0:= Epoxy coating factor. (Lindeburg, pg 55-5 and ACI 318-14,
Table 25.4.2.4)

ld max

3 tr
fy

psi
 ψt ψe λ

50
fc

psi


12in, 















tr
6

8
inif

max

3 tr
fy

psi
 ψt ψe λ

40
fc

psi


12in, 















otherwise

40.2 in=:= Development length of the reinforcement
(bottom reinforcement).
(Lindeburg, eq 55.27 and ACI 318-14, Table
25.4.2.2)

ldt max

3 trt
fy

psi
 ψt ψe λ

50
fc

psi


12in, 















tr
6

8
inif

max

3 trt
fy

psi
 ψt ψe λ

40
fc

psi


12in, 















otherwise

40.2 in=:= Development length of the reinforcement (top
reinforcement). (Lindeburg, eq 55.27 and ACI
318-14, Table 25.4.2.2)

lst 1.3 ld 52.3 in=:= Lap splice length (bottom reinforcement). (ACI 318-14, Table
25.5.2.1)

lstt 1.3 ldt 52.3 in=:= Lap splice length (top reinforcement). (ACI 318-14, Table
25.5.2.1)
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Control Joints

Per PCA Engineering Bulletin, 2008, pg 107 large areas can be cast without control joints if the amount of distributed steel
in the top 1/3 of the slab is approximately 0.5% - 0.7% of the cross sectional area.

Percent of steel in the top 1/3 of pad. Since this value does not
meet the minimum to not use control joints, try using the same
reinforcement as in the bottom.

toppercent

π trt
2

4 srt

padthk
0.31 %=:=

Percent of steel in the top 1/3 of pad. Use the same
reinforcement at the top of the slab as at the bottom in order to
avoid having control joints.

toppercent

π tr
2

4 sr

padthk
0.31 %=:=

The reinforcement is not sufficient to eliminate the need for control joints. Additionally, the use of the pad does not require
the elimination of control joints. Therefore, control joints will be included in the design.

Contraction Joint Spacing

The contraction joints shall be spaced at 15-20' per TM 5-809-1, Table 5-2
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Table 5-2. Recommended Spacing of Trannerse Connaction Joints

Slab Thicimess Jomt Spacing
in ft.

46* Uptol2.5
6-9 12.5-1 5.0
9- 12 15.0-20.0

12 20.0-25.0

*j thickness is allowed for steel-fiber reinforced concrete only.
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Joint Sealant Detail Design

hr padthk 12.0 in=:= Slab height.

Minimum width of sealant reservoir based on 15 ft to 20 ft joint
spacing.  (TM 5-809-1, Figure 5-7)wsealant

1

2
in:=

dsealant 1.5 wsealant 0.8 in=:= Depth of sealant based on width of sealant reservoir. (TM
5-809-1, Figure 5-7)

tdepth
1

4
hr








hr 12in<if

3in 12in hr 18inif

1

6
hr otherwise

3.00 in=:= Depth of initial sawcut (TM 5-809-1, Figure 5-7)
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Dowel Length and Spacing

ldowel 20in:= Minimum dowel length to develop tension for crack control. (TM
5-809-1, Table 5-3)

sdowel 15in:= Minimum dowel spacing to develop tension for crack control.
(TM 5-809-1, Table 5-3)

ddowel 1in:= Dowel diameter to develop tension for crack control. (TM
5-809-1, Table 5-3)
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8.5 Evaluate Haul Path

Since the IXCs will not be anchored to the haul path, the haul path is not subject to the same loading as the storage pad.
The haul path will be evaluated for punching shear and bending and in accordance with TM 5-809-1. The size of the path is
taken as a section equivalent to the overall width of the haul path by the distance between control joints.

Punching Shear

Two cases will be evaluated for punching shear: An IXC and a forklift tire at maximum operating weight. The punching
shear capacity will be determined per the guidelines of ACI 318-14, Section 22.6.4.1.  Per Section 22.6.4.1 of ACI 318-14,
the critical section is located at a distance of d/2 from the edge of the IXC.

Per Section 22.6.5.2, the allowable shear is determined using Table 22.6.5.2.

IXC Punching Shear

β 1.0:= Ratio of long side to short side, circular IXC.

α 20:= From 22.6.5.3 of ACI 318-14, define value for corner columns,
conservative.

cm 3in:= Minimum cover. (H-14-111608)

paththk 10in:= Haul path concrete thickness. (H-14-111608)

tr
5

8
in:= Reinforcement diameter. (H-14-111608)

dr paththk cm-
tr

2
- 6.69 in=:= Effective depth of the concrete. (Lindeburg, pg 55-2)

bo π IXCdia 2
dr

2









+








 10.7 ft=:= Circumference of punching shear evaluation zone.

λ 1.0:= Modification factor for normal weight concrete. (ACI 318-14,
Section 19.2.4.2)

vcA 4 λ
fc

psi
 psi 268 psi=:= Allowable shear loading, Table 22.6.5.2 from ACI 318-14.

vcB 2
4

β
+








λ( )
fc

psi
 psi 402 psi=:= Allowable shear loading, Table 22.6.5.2 from ACI 318-14.

vcC 2

α
dr

in


bo

ft

+















λ
fc

psi
 psi









 460 psi=:= Allowable shear loading, Table 22.6.5.2 from ACI 318-14.

vc min vcA vcB, vcC, ( ) 268 psi=:= Nominal shear strength.
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Applied
punching shear
load, including
LRFD load
factors. Moment
is applied as
shear load acting
at center of
IXC.

Vapplied_punch_IXC max
1.6 IXCweight g

bo( ) dr( )

1.0 IXCweight g

bo( ) dr( )

1.0
Fp_IXC

nIXC


IXCheight

2


















bo dr
IXCdia

2


+, 















7213 psf=:=

ϕshear 0.75:= Capacity reduction factor for shear. (ACI 318-14, Section 21.2.1)

DCRshear_punch_IXC

Vapplied_punch_IXC

ϕshear vc
0.25=:= DCR is less than 1.0; therefore, OK.

Forklift Punching Shear

tire_conclength dr tirec_length+ 28.3 in=:=
Perimeter dimensions of punching shear area located at critical
distance d/2 from load imprint.

tire_concwidth dr tirewidth+ 19.3 in=:=

tire_conc_perim 2 tire_conclength tire_concwidth+( ) 95.1 in=:= Total perimeter length of punching shear area.

Vtire ϕshear vc( ) tire_conc_perim dr( ) 128040 lbf=:= Allowable load on concrete forklift wheel area.

DCRpunch.shear.flift

wheel_loadflift g

Vtire
0.10=:= DCR is less than 1.0; therefore, OK.

Additionally, check the two front tires side-by-side.

tire_conc_perim 2 tire_conclength 2 tire_concwidth+( ) 133.7 in=:= Total perimeter length of punching shear area.

Vtire ϕshear vc( ) tire_conc_perim dr( ) 179956 lbf=:= Allowable load on concrete forklift wheel area.

DCRpunch.shear.flift

wheel_loadflift g

Vtire
0.07=:= DCR is less than 1.0; therefore, OK.

Pad Reinforcement

Lengths and widths of the haul path. (H-14-111606) Set width as
the distance between control joints. Set length as overall width of
haul path. This method is conservative.

Lhp 25ft:= Bhp 15ft:=

Wflift 100in 8.3 ft=:= Lflift 148in 12.3 ft=:= Width and length of forklift. (See Attachment 1)
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Approximate maximum distance between the edge of the forklift
and the edge of the haul path (lengthwise direction).l1

Lhp Lflift-

2
6.3 ft=:=

Approximate maximum distance between the forklift and the
edge of the haul path (widthwise direction).l2

Bhp Wflift-

2
3.3 ft=:=

Pressure under pad (moment in lengthwise direction).
Conservatively apply moment at center of critical section.
(Lindeburg, eq 55.11)

qu1

wtflift g

Lhp Bhp
225.8 psf=:=

Pressure under pad (moment in widthwise direction).
Conservatively apply moment at center of critical section.
(Lindeburg, eq 55.11)

qu2 qu1 225.8 psf=:=

Moment acting at the critical section (moment in lengthwise
direction). (Lindeburg, eq 55.23)Mu1

qu1 Bhp l1
2



2
67.9 kip ft=:=

Moment acting at the critical section (moment in widthwise
direction). (Lindeburg, eq 55.23)Mu2

qu2 Lhp l2
2



2
31.4 kip ft=:=

Ar

π tr
2

4
0.307 in

2
=:= Reinforcement cross-sectional area.

sr 12in:= Reinforcement spacing. (H-14-111608)

As1 Ar

Bhp

sr
 4.602 in

2
=:= Reinforcement area in width of pad.

As2 Ar

Lhp

sr
 7.670 in

2
=:= Reinforcement area in length of pad.

Ac1

fy As1

0.85
0.05 fc 4000psi-( )

1000psi
-









fc

74.4 in
2

=:= Required concrete area (width) to match steel strength. (ACI
318-14, Table 22.2.2.4.3)

Ac2

fy As2

0.85
0.05 fc 4000psi-( )

1000psi
-









fc

124.0 in
2

=:= Required concrete area (length) to match steel strength. (ACI
318-14, Table 22.2.2.4.3)

Mathcad

Sas'qe'it S Ltiutciv

RPP-CALC-62547 Rev.00 9/20/2019 - 5:52 PM 34 of 71



Project No. S78918.001

RPP-CALC-62547, Rev 0
CALCULATION SHEET

Calculation Title: Structural Analysis of TSCR 
IXC Storage Pad

Calc. No. 078908.18.01-S-001
Rev. 0       Page 32 of  68

Prepared By: JR Martin Date: 9/16/19
 Checked By: CM Conselman Date: 9/16/19

Distance from centroid of extreme compression area to extreme
compression fiber (moment in lengthwise direction). (Lindeburg,
pg 55-8)

λ1

Ac1

2 Bhp
0.21 in=:=

Distance from centroid of extreme compression area to extreme
compression fiber (moment in widthwise direction). (Lindeburg,
pg 55-8)

λ2

Ac2

2 Lhp
0.21 in=:=

concrete compressive strength = steel tensile strength

0.85 f'c b a As fy=

See figure to left for visual.

ϕ 0.90:= Capacity reduction factor. (ACI 318-14, Section 21.2)

As_req1

Mu1

ϕ fy dr λ1-( )
2.33 in

2
=:= Minimum steel area (moment in lengthwise direction).

(Lindeburg, eq 55.24)

As_req2

Mu2

ϕ fy dr λ2-( )
1.08 in

2
=:= Minimum steel area (moment in widthwise direction).

(Lindeburg, eq 55.24)

Required area of shrinkage and temperature reinforcement
(width). (ACI 318-14, Section 7.6.1.1)As_shrink1 0.0018 paththk Bhp 3.24 in

2
=:=

Required area of shrinkage and temperature reinforcement
(length). (ACI 318-14, Section 7.6.1.1)As_shrink2 0.0018 paththk Lhp 5.40 in

2
=:=

As_min1 max As_req1 As_shrink1, ( ) 3.24 in
2

=:= Minimum required area of reinforcement (width).

As_min2 max As_req2 As_shrink2, ( ) 5.40 in
2

=:= Minimum required area of reinforcement (length).

DCRreinforcement1

As_min1

As1
0.70=:= DCR is less than 1.0; therefore, OK.

DCRreinforcement2

As_min2

As2
0.70=:= DCR is less than 1.0; therefore, OK.

Check the reinforcement spacing per ACI 318-14, Section 7.7.2.3

Sp_Check "Reinforcement spacing acceptable." sr min 18in 3 paththk, ( )<if

"Reinforcement spacing not acceptable." otherwise

"Reinforcement spacing acceptable."=:=
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trt
5

8
in:= Diameter of the top reinforcement.

srt 12in:= Spacing of the top reinforcement.

DCRshrink1

As_shrink1

π trt
2

4

Bhp

srt


0.70=:= DCR is less than 1.0; therefore, OK.

DCRshrink2

As_shrink2

π trt
2

4

Lhp

srt


0.70=:= DCR is less than 1.0; therefore, OK.

Development Length of Reinforcement

ld max

3 tr
fy

psi
 ψt ψe λ

50
fc

psi


12in, 















tr
6

8
inif

max

3 tr
fy

psi
 ψt ψe λ

40
fc

psi


12in, 















otherwise

33.5 in=:= Development length of the reinforcement
(bottom reinforcement).
(Lindeburg, eq 55.27 and ACI 318-14, Table
25.4.2.2)

ldt max

3 trt
fy

psi
 ψt ψe λ

50
fc

psi


12in, 















tr
6

8
inif

max

3 trt
fy

psi
 ψt ψe λ

40
fc

psi


12in, 















otherwise

33.5 in=:= Development length of the reinforcement (top
reinforcement). (Lindeburg, eq 55.27 and ACI
318-14, Table 25.4.2.2)

lst 1.3 ld 43.6 in=:= Lap splice length (bottom reinforcement). (ACI 318-14, Table
25.5.2.1)

lstt 1.3 ldt 43.6 in=:= Lap splice length (top reinforcement). (ACI 318-14, Table
25.5.2.1)
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Check Pad Size In Accordance with TM 5-809-1

s 9
fc

psi
 psi 603.7 psi=:= Concrete flexural strength. (TM 5-809-1, pg 3-5)

ksoil 250
lbf

in
3

:= Modulus of subgrade reaction. (See Design Inputs)

axle_load max axle_loadfront axle_loadrear, ( ) g 79 kip=:= Maximum axle load of forklift.

The results using TM 5-809-1, Figure 5-2 below (~9"+) are consistent to that calculated above.
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TM 5-809-1, Figure 5-2 (Annotated)
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Contraction Joint Spacing

The contraction joints shall be spaced at 15-20' per TM 5-809-1, Table 5-2

Joint Sealant Detail Design
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hr paththk 10.0 in=:= Slab height.

Minimum width of sealant reservoir based on 15 ft to 20 ft joint
spacing.  (TM 5-809-1, Figure 5-7)wsealant

1

2
in:=

dsealant 1.5 wsealant 0.8 in=:= Depth of sealant based on width of sealant reservoir. (TM
5-809-1, Figure 5-7)

tdepth
1

4
hr








hr 12in<if

3in 12in hr 18inif

1

6
hr otherwise

2.50 in=:= Depth of initial sawcut (TM 5-809-1, Figure 5-7)

Dowel Length and Spacing

ldowel 16in:= Minimum dowel length to develop tension for crack control. (TM
5-809-1, Table 5-3)

sdowel 12in:= Minimum dowel spacing to develop tension for crack control.
(TM 5-809-1, Table 5-3)

ddowel 1in:= Dowel diamter to develop tension for crack control. (TM
5-809-1, Table 5-3)
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Table 5-3. Dowel size and spacing
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8.6 Evaluate Embed Plates and Weld Studs

Vbp 42889lbf:= Shear load per anchoring plate. (See Design Inputs)

Mbp 1998079in lbf:= Moment load per anchoring plate. (See Design Inputs)

db 50in:= Distance between the bolts which bolt thru the TSCR anchoring
base and into the embedded plates. (H-14-111293, Sh 1)

nb 4:= Number of bolts along the edge of the TSCR anchoring base.
(H-14-111293, Sh 1)

Tension load per TSCR anchoring plate thru bolt. It is recognized
that in some cases, two baseplates are attched to the same embed
plate. However, the uniformity of the assembly will cause the IXCs
to act in unison and the loading will not be applied simultaneously.
Note that the stud spacing is greater on the embed plates attached
to two baseplates. Additionally note that only two studs are
credited to resist the loads at each baseplate to embed plate
connection bolt.

Tbolt

Mbp

db nb
9990 lbf=:=

Shear load per TSCR anchoring plate thru bolt. Note that the factor
of 2 is to account for the cases where two baseplates are attached
to the same embed plate.

Vbolt

Vbp

nb 2
2 10722 lbf=:=

Number of stud pairs credited to resist the tension and shear loads
(Tbp and Vbp). Note that this value is conservative.nstud 1:=

Tstud

Tbolt

nstud
9990 lbf=:= Tension load per stud pair.

Vstud

Vbolt

nstud
10722 lbf=:= Shear load per stud pair.

Steel Strength (Tension and Shear)
Steel strength reduction factor (tension). (PCI, Section 6.5.2 and
ACI 318-14, Section 17.3.3)ϕt 0.75:=

ϕv 0.65:= Steel strength reduction factor (shear). (PCI, Section 6.5.2 and
ACI 318-14, Section 17.3.3)

Ase 0.31in
2

:= Nominal area of the headed stud shank. (H-14-111609 and PCI,
Table 6.5.1.2)

fut 70ksi:= Minimum ultimate tensile strength. (Nelson, pg 45)

Ns Ase fut 21700 lbf=:= Nominal tensile strength of an anchor based upon steel capacity.
(PCI, Section 6.5.2)

Vs Ns 21700 lbf=:= Nominal shear strength of an anchor based upon steel capacity.
(PCI, Section 6.5.2)

ϕNs ϕt Ns 16275 lbf=:= Design tensile strength of an anchor based upon steel capacity.
(PCI, Section 6.5.2)

Design shear strength of an anchor based upon steel capacity.
(PCI, Section 6.5.2)ϕVs ϕv Vs 14105 lbf=:=

Mathcad

Sas'qe'it S Ltiutciv

RPP-CALC-62547 Rev.00 9/20/2019 - 5:52 PM 41 of 71



Project No. S78918.001

RPP-CALC-62547, Rev 0
CALCULATION SHEET

Calculation Title: Structural Analysis of TSCR 
IXC Storage Pad

Calc. No. 078908.18.01-S-001
Rev. 0       Page 39 of  68

Prepared By: JR Martin Date: 9/16/19
 Checked By: CM Conselman Date: 9/16/19

Concrete Breakout Strength (Tension)

hef 6
3

16
in 0.312in- 5.88 in=:= Embedment depth. (H-14-111609 and Nelson, pg 19)

swsNS 12in:= swsEW 6in:= Weld stud spacing in the North-South and East-West directions.
(H-14-111609)

λ 1.0:= Concrete weight coefficient (normal weight). (PCI, Section 4.3.3
and ACI 318-14, Section 19.2.4.2)

Conservative estimate of the minimum edge distance.
(H-14-111609)demin 4ft:= ca_min demin 4.0 ft=:=

eN 0in:= No eccentric loading. (ACI 318-14, 17.4.2.4)

ψec_N
1

1 2
eN

3 hef










+


















1

1 2
eN

3 hef










+








1.0if

1.0 otherwise

1.0=:=

ψed_N 1 ca_min 1.5 hefif

0.7 0.3
ca_min

1.5 hef
+ otherwise

1.0=:= Modification factor for edge effects. (ACI 318-14, 17.4.2.5)

ψc_N 1.25:= Cracked concrete pullout factor for cast-in anchors. (ACI
318-14, Section 17.4.2.6)

ψcp_N 1.0:= Uncracked concrete pullout factor for cast-in anchors. (ACI
318-14, 17.4.2.7)

Projected concrete failure area of a single anchor with an edge
distance equal to or greater than 1.5 x hef . (ACI 318, 17.4.2.1)ANco 9 hef

2
 310.7 in

2
=:=

kc 24:= Effectiveness factor for cracked concrete. (ACI 318-14, Section
17.4.2.2)

Basic concrete breakout strength of a single anchor in tension in
cracked concrete. (ACI 318, Section 17.4.2.2)Nb kc λ

fc

psi


hef

in









1.5

 lbf 22929 lbf=:=

Projected surface area for two studs. (PCI,
Section 6.5.4.1 and ACI 318-14, Section
17.4.2.1)

ANc 1.5 hef swsEW+ 1.5 hef+( ) 2 1.5 hef 416.5 in
2

=:=

Concrete breakout strength of the anchorage in
tension. (ACI 318, Section 17.4.2.1)Ncb

ANc

ANco
ψec_N ψed_N ψc_N ψcp_N Nb 38.42 kip=:=

Strength reduction factor for concrete failure in tension. (ACI
318, Section 17.3.3)ϕt_c 0.70:=

ϕNcb ϕt_c Ncb 26892 lbf=:= Tensile breakout strength incorporating strength reduction
factors.

Mathcad
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Concrete Pullout Strength (Tension)

Nominal area of the headed stud shank. (H-14-111609 and PCI,
Table 6.5.1.2)Abrg 0.92in

2
:=

Ccrp 0.7:= Cracking coefficient. Conservatively use the cracked concrete
factor. (PCI, Section 6.5.4.2)

Nominal pullout strength. (ACI 318-14, Section 17.4.3.4 and
similar to PCI, eq 6.5.4.5 [11.2*0.7=7.84 vs 8])Npn 8

Abrg

in
2

fc

psi
 lbf 33120 lbf=:=

Cracked concrete pullout factor. Conservatively assume cracked
concrete. (ACI 318-14, Section 17.4.2.6)ψc_P 1.0:=

Concrete strength reduction factor (tension or shear).
Conservatively use factor for when confinement reinforcement is
not present. (PCI, Section 6.5.3.4 and ACI 318-14, Section
17.3.3)

ϕc 0.70:=

Design tensile strength of the an anchor based upon concrete
pullout capacity. (PCI, Section 6.5.4)ϕNpn ϕc ψc_P Npn 23184 lbf=:=

Side Face Blowout Strength (Tension)

Side face blowout is not a concern since the anchors will not be located close to an edge.

Concrete Shear Strength

The concrete shear strength is highly dependent upon the distance from the edge of concrete (see PCI, Section 6.5.5).
Since the edge distances are so great (4' plus) concrete breakout strength in shear will not govern over the steel shear
strength. Therefore, the concrete breakout strength will not be analyzed further. Note that pryout is not a concern since
short, stocky studs are not used (hef/do > 4.5) and since the concrete is normal weight (see PCI, Section 6.5.7).

do
5

8
in:= Shank diameter of stud. (H-14-111609)

hef

do
9.4= Embedment depth to shank diameter ratio.
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Concrete Combined Strength

Ductile failure (stud material) is preferred. (See PCI, Section 6.5)

Govern "Ductile Failure" ϕNs nstud min ϕNcb ϕNpn nstud, ( )<if

"Brittle failure." otherwise

"Ductile Failure"=:=

ϕNgov min ϕNs 2 ϕNcb, ϕNpn 2, ( ) 26892 lbf=:= Governing design strength of two anchors in
tension.

ϕVgov ϕVs 2 28210 lbf=:= Governing design strength of two anchors in shear. 

DCRstud

Tstud

ϕNgov

Vstud

ϕVgov
0.20

Tstud

ϕNgov
0.20>if

Vstud

ϕVgov

Tstud

ϕNgov
0.20

Vstud

ϕVgov
0.20>if

max
Tstud

ϕNgov

Vstud

ϕVgov
, 









Vstud

ϕVgov
0.20

Tstud

ϕNgov
0.20if

Tstud

ϕNgov

Vstud

ϕVgov
+

1.2
otherwise

0.63=:=

Embeded Plate

tp 1
1

4
in:= Thickness of plate. (H-14-111609)

tp_min

do

2
0.31 in=:= Minimum plate thickness. (PCI, Section 6.5.1.1)

DCRpl

tp_min

tp
0.25=:= DCR is less than 1.0; therefore, OK.
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A1.0 PURPOSE 

The purpose of this attachment is to document a detailed finite element analysis of the Tank Side Cesium 
Removal (TSCR) Ion Exchange Column (IXC) Storage Pad.  The analysis included response spectrum seismic 
accelerations and soil interactions to develop the moments across the width of the pad as well as the stresses in 
the rebar and concrete. 

A2.0 METHODOLOGY 

ANSYS software was used to create a finite element analysis model of the storage pad, the soil down to 60 feet 
below the storage pad, the storage pad embeds, as well as cylinders that represent the IXC-150s. Everything was 
modeled as solids, except for the rebar. The rebar was modeled as links with the appropriate cross section. The 
mesh is coarser than the spacing of the actual rebar. To properly account for the rebar, the total cross-sectional 
area of all of the rebar was calculated. This was then divided by the actual number of rebar modeled, to 
calculate the area used in the finite element model. This calculation was performed inside ANSYS so that if the 
mesh density changes, the rebar cross section area automatically updates. The different soil layers, as well as the 
IXC-150s and embeds, were bonded together using bonded contacts. The concrete pad to soil interaction was 
modeled using contacts that allow sliding and separation. 

Four ACI load combinations were analyzed: 

9-1, 1.4D 
9-3, 1.2D + 1.6S 
9-5, 1.2D + 1.0E + 0.2S 
9-7, 0.9D + 1.0E 

The lateral and vertical earthquake loads are applied simultaneously with gravity and the other loads. Wind 
loads were neglected because they were small compared to seismic loads. 

Figure A-1 shows the general finite element model. The soil layers are modeled as the dark blue, greens, 
orange, and pink layers. The fill soil is the darker green layer. The dune sand is the orange layer. The upper 
sand is the pink layer. The lower sand 1 is the lighter green layer. The lower sand 2 is the dark blue layer. The 
concrete is the lighter blue layer. The embeds are the lightest blue squares. And the IXC-150s are the pink 
cylinders. Figure A-2 shows the top and bottom rebar layers inside the concrete. Figure A-3 shows the soil 
constraints. The exposed faces of the soil were constrained in the direction normal to the face. 

To determine the seismic accelerations, the IXC-150 model from the drop analysis documented in RPP-CALC-
62572 was modified and a modal analysis performed to determine what frequencies excite the IXC-150. The 
modification was to remove the IXC-150 resin media and increase the weight of the steel and lead to account 
for the resin media. The resulting lowest natural frequency was used, along with the response spectra, to 
determine the seismic acceleration. The IXC-150 finite element model is shown in Figure A-4. The stainless 
steel is shown as purple, the carbon steel is light blue, and the lead is red. Note that this IXC-150 model was not 
used in the concrete pad model. The IXC-150s in the concrete pad model are simple solid cylinders with the 
proper mass. Their only purpose is to put the correct loads into the concrete. The model consists of 150 IXCs. 
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However, the storage pad may contain up to 160 IXC. The worst case forces, moments and stresses reported in 
Section A6.2 will not increase by placing the additional IXCs on the pad and the worst case results reported in 
Section A6.2 are considered applicable to the 160 IXC configuration.  

 

Figure A-1: Finite Element Model 

 

ANSYS
R18.2

PLCJ NO.

IXC Storacie Pad E1nents

RPP-CALC-62547 Rev.00 9/20/2019 - 5:52 PM 47 of 71



RPP-CALC-62547, Rev. 0 

 
CALCULATION SHEET 

Project No. S78918.001 Calculation No. 078908.18.01-S-001 Rev. 0 Page No.  45 of 68 
Title: Structural Analysis of TSCR IXC Storage Pad 
Prepared By: JR Martin Date:  9-16-2019 Checked By: CM Conselman Date:  9-16-2019 

 

Quality Assurance Procedure 3.1 Calculation Sheet (01-19) 
 

 

Figure A-2: Finite Element Model of Rebar 
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Figure A-3: Finite Element Model Soil Constraints 
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Figure A-4: IXC-150 Modal Analysis Finite Element Model 

A3.0 DESIGN INPUTS 

A3.1 Material Properties 

A3.1.1 Concrete Properties: 

• Density = 150 lb/ft3, from ACI 14th Ed., Table 17-12 
• Young’s Modulus = Wc

1.5 33 sqrt(fc’) = 1501.5 33 sqrt(4500) = 4.067e6 psi, from ACI 318-14, 19.2.2.1 
• Poisson’s Ratio = 0.15, from Marks Standard Handbook for Mechanical Engineers, 10th Ed, 5-15  
• Compressive Strength = 4500 psi, from RPP-SPEC-62663 
• Modulus of Rupture = 7.5 λ sqrt(fc’) = 7.5 (1) sqrt(4500) = 503 psi, from ACI 318-11, 19.2.3.1 

ELEMENTS

Miff N[JM

ANSYS
R18.2

IXC-150 Mcxi.al Anal
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A3.1.2 Rebar Properties 

• Density = 490 lb/ft3, from AISC 360 Table 17-12 
• Young’s Modulus = 29e6 psi, from ACI 318-11, 20.2.2.2 
• Poisson’s Ratio = 0.3, from AISC 360 Index Page 7 

A3.1.3 Soil Properties 

The following soil properties were taken from the Geotechnical Engineering Report by Shannon & Wilson 
(RPP-RPT-61401), Exhibit 6-1 and Exhibit F-2. 

A3.1.3.1 Fill Soil Properties 

• Density = 122 lb/ft3 
• Young’s Modulus = 4.2e6 psi 
• Poisson’s Ratio = 0.15 

A3.1.3.2 Dune Sand Soil Properties 

• Density = 117 lb/ft3 
• Young’s Modulus = 2.4e6 psi 
• Poisson’s Ratio = 0.15 

A3.1.3.3 Upper Sand Soil Properties 

• Density = 124 lb/ft3 
• Young’s Modulus = 8.1e6 psi 
• Poisson’s Ratio = 0.15 

A3.1.3.4 Lower Sand 1 Soil Properties 

• Density = 133 lb/ft3 
• Young’s Modulus = 18e6 psi 
• Poisson’s Ratio = 0.15 

A3.1.3.5 Lower Sand 2 Soil Properties 

• Density = 132 lb/ft3 
• Young’s Modulus = 24e6 psi 
• Poisson’s Ratio = 0.15 

A3.1.4 IXC-150 Properties 

• Weight = 26,763 lbs, from Attachment 2 
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A3.2 Seismic Response Spectra 

The following response spectral accelerations are taken from WRPSH-DRS-004, Rev 0 (see Attachment 4), 
Development of DRS and Foundation Input Response Spectra. 

 

Figure A-5: Spectral Acceleration 

 

lvopm.rn c DPS aria FIRS C. No. IVRPS)4-DRS-004 R' 0

ArnocFoswr I oorPr cr No. 55177 00990 Jufr 12. 2019

Table ii: Surface DRS for th8 AN 3ndAW DST Sit2s

Frouoricy 
SpQctral Aclra1ion igt br Damping of:

+2.
0.5% 2 3% 4% 5% 7% b0

I4crizon:al Motion

103 31143 01143 01143 0.1143 01143 31143 01142
50 0.1385 0.1364 0.1359 0.1355 0.1353 0.1350 0.1346
33.3 01550 0,1545 0.1523 0.1505 0,1493 31477 0,1452
25 0.1991 0.1755 0.1700 0.1665 0.1639 0.1505 0.1571
20 0.2363 0.1975 0.1886 0.1828 0.1786 0.1729 0.1673
13.3 0,3340 02553 02357 0.2245 02152 02030 0.1905
10 0.4221 0.3127 0.2849 0.2662 0.2518 0.2326 0.2129

9.26 0.4459 0.3295 0.2994 0.2791 0.2535 0.2425 0.2209
5.13 0.5045 0.3594 0.3315 0.3055 0.2858 0.2580 0.2298
5 0.5059 0.3732 0.3339 0.3067 0.2858 0.2564 0.2265

3.33 0,4929 0.3723 0.3339 0.3057 02858 0.2555 0.2247
as 0.4955 0.3751 0.3355 0.3074 0.2858 0.2545 0.2227
2 0.5020 0.3774 0.3357 0.3079 02858 0.2537 0.2211

1.23 0,4990 0.3778 0,3371 0.3082 0.2858 0.2533 0.2203
1.00 0,4157 0.3117 0.2759 0.2522 02332 0.2057 0.1779
0.57 0.2835 0.2103 0,1850 0.1688 0.1554 0,1355 0.1173
0.5 0.2164 0.1596 0.1404 0.1269 0.1166 0.1015 0.0855
0.33 0,1487 0.1092 0.0952 0.0853 0,0777 0.0669 0.0561
0.2 0.0852 0.0557 0,0574 0.0513 0,0455 0.0395 0.0327
0.13 0.0522 0.0430 0.0378 0.0339 0.0311 0.0261 0.0215
0,1 0,0340 0.0300 0.0272 0.0250 0.0233 0.0203 0.0174

Vorical Motion

00 00530 0.0530 30530 0.0633 00530 30529 0.0629
53 30792 0.0765 30758 0.0753 00749 30744 0.0738
33.3 0.1223 0.1037 0.0993 0.0964 0.0942 3.0913 0.0883
25 0,1758 01359 01265 0.1203 0.1157 0.1095 0.1033
20 0.2386 0.1711 0.1552 0.1449 0.1 370 0.1265 0.1162
13.3 0.3356 0.2322 0.2050 0.1887 0.1758 0.1580 0.1404
10 0,3415 02342 02051 0.1874 0.1734 0.1539 0.1345
9.26 0.3409 0.2343 0.2061 0.1873 0.1732 0.1 535 0.1342
5.13 0,2877 0.20'US 0.1 755 0.1502 0.1479 01307 0.1137
5 0.2553 0,1804 0.1592 0144.8 0.1338 01185 0.1033

3.33 0.2205 0,1512 0,1432 0.1308 0,1213 01077 0.0940
2.5 02033 0,1502 0,1339 0.1220 0.1 132 01004 0.0875
2 0.1930 0.1425 0.1258 0.1156 0.1 073 0.0952 0.0829

1.23 0,1692 01256 0.1128 0.1030 0.0953 00845 0.0735
1.00 0,1481 01093 0.0959 0.0882 0.0814 0.0720 0.0524
0.67 0.1103 0.0821 0.0727 0.0660 0.0508 0.0535 0.0450
0.5 0,0897 00570 0.0593 0.0539 0.0497 0.0435 0.0376
0.33 0.0722 0.0562 0.0498 0.0451 0.0415 0.0361 0.0306
0.2 0.0482 0.0400 0.0358 0.0325 0.0300 0.0259 0.0219
0.13 0.037 1 0.0314 0.0280 0.0255 0.0235 0.0203 0.0170
0.1 0.0263 0.0234 0.0213 0.0197 0.0184 0.0152 0.0140
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A4.0 ASSUMPTIONS NOT REQUIRING VERIFICATION 

1) The soil is assumed to be perfectly elastic. 

2) The sloshing of the IXC-150 media is assumed to have negligible effects upon the seismic response of the 
IXC-150 during a seismic event. 

A5.0 COMPUTER SOFTWARE 

The following software is used in this calculation: 

ANSYS®4 Mechanical Release 18.2 was used for the finite element analysis. The ANSYS program is verified 
by ARES Corporation, as documented in Verification No. VV-18-02-067. This verification was performed on 
an ARES computer (Computer ID: RL_D_C0361 / 488LXK2) which is a DELL Precision T3620 running 
Microsoft Windows 10 Professional x64 Edition. The finite element analysis for final numeric revisions will be 
run on the ARES verified computer. Input and output files are not included in this calculation but are available 
in SmartPlant as independent files. 

No unverified computer software was used in this analysis. 

A6.0 RESULTS 

A6.1 Modal Analysis 

The lowest natural response frequency from the modal analysis was 29.8 hz, as shown in Figure A-6. This is 
primarily a horizontal response. Taking this natural frequency for both vertical and horizontal natural 
frequencies and plugging into the 5% damping seismic response spectra curves of Figure A-5 gives a horizontal 
acceleration of 0.16g and a vertical seismic acceleration of 0.1g. Per Waiver #271, the maximum credible 
earthquake (conservative since MCE is not required) is 1.5 times the design response spectra, which gives a 
horizontal acceleration of 0.24g and a vertical acceleration of 0.15g, which is what was used for seismic 
accelerations in the IXC-150 concrete pad analysis. Table A-1 summarizes the modes, their frequencies, and 
their participating mass % in the lateral and vertical directions. 

Table A-1: Modal Frequencies and Participating Mass % 

Mode Frequency Lateral Mass % Vertical Mass % 
1 29.7949 0.613 0.000 
2 103.969 0.003 0.000 
3 125.354 0.229 0.000 
4 152.146 0.000 0.774 
5 152.752 0.000 0.000 
Sum  0.845 0.774 

                                                 
4 ANSYS is a registered trademark of ANSYS Inc. 
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Figure A-6: Modal Analysis Results 

A6.2 IXC Pad Analysis 

A6.2.1 Concrete Results 

The forces and moments were summed up across the cross section of the width of the concrete pad. This was 
repeated along the length of the concrete pad. The maximums are summarized in Table A-2. 

  

NQJ/L SOLUTIN

STEP=1
SUB =1
FREQ=29.7949
Dx
RSYS=O
DMX =.330209
SIVN =-. 958E-05
SIVN = .325105

ANSYS
R18.2

PLOF NO.

-.95E-O5 
.036114 

.072238 
.108362 

.144486 
.180609 

.216733 
.252857 

.288981 
.325105

IXC-150 Ncdal Anaivi
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Table A-2: Concrete Width Cross Section Forces and Moments 

Load Case   Axial Force 
(kips) 

 Horizontal Shear 
Force (kips) 

 Vertical Shear 
Force (kips) 

Bending Moment 
(kip ft) 

1 244.2 26.8 70 111.5 
3 206.1 22.9 61.1 95.1 
5 334.5 42.3 90.6 167.1 
7 286.9 34.3 80.4 143.7 

 

The maximum stress for all the concrete elements were extracted and are shown in Table A-3. The negative 
numbers are compression. The positive numbers are tension. 

Table A-3: Concrete Minimum and Maximum Stresses 

Load Case  Min Stress (psi)  Max Stress (psi) 
1 -105.46 124.2083 
3 -91.8378 106.6444 
5 -146.136 135.5167 
7 -129.591 108.9614 

 
A6.2.2 Rebar Results 

The maximum stress for all the rebar elements were extracted and are shown in Table A-4. The negative 
numbers are compression. The positive numbers are tension. 

Table A-4: Rebar Minimum and Maximum Stresses 

Load Case  Min Stress (psi)  Max Stress (psi) 
1 -328.008 778.7227 
3 -282.621 660.0183 
5 -497.519 861.9764 
7 -439.873 703.1169 
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ATTACHMENT 1 

KALMAR FORKLIFT DATA – DCG160-12T 
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ATTACHMENT 2 

GENERAL ARRANGEMENT OF THE IXC – DRAWING NO. 1813-3010 
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NELSON WELD STUD DATA 
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Mechanical Properties

Mechanical Properties- English (Nelson Standard Studs)

Tensile CUTS) Yield Reduction
Elongation (2")

of AreaStud Type (Minimum) (Minimum) 
(Minimum)

(ISl) (PSI) ______________ (Minimum)

Mild Steel

CPL, (FL, PFL,MP.MD,O<L, NaL, 61,000 49,000 17% 50%
(141 (1/4 01A), L2L, R7P, etc

531, H4L (3/8, 1/2, & 5/8 OIA} 65,000 51000 20% 50%

D2L (ASTM-A-l064) 80,000 70,000

ATC, ANC, AXC,TFTC, TUTC, TLJNC 50,000 35,000 17% 50%

Stainless Steel

Standard Studs, As Manufactured 70,000 35,000 40% 40%

ATS, ANS. UNS. TFTS.TFNC. TUNS 70,000 35,000 40% 40%

Mechanical Properties- Metric (Nelson Standard Studs)

Tensile (UTS) Yield [ Reduction
Elongation (2") 

of AreaStud Type (Minimum) (Minimum) I 
(Minimum)

(MPa) (MPa) (Minimum)

Mild Steel

CPL,CFL,PFL,MP,MD, CK1,N3L, 420 337 17% 50%
1141 (1/4 OLA), LL, R7P, etc

531, H4 L (3/8, 1/2, & 5/8 DIA) -448 351 20% 50%

D2L (ASTM-A1 064) 551 482 -

MC, ANC, TFTC, TUTC, AXC, UNC 345 241 17% 50%

Stainless Steel

Standard Studs, As Manufactured 482 241 40% 40%

ATS.ANS,TFTS,UNS 482 241 40% 40%

2. Mechanical Properties of Slandard Nelson Weld Studs

Nelson High Strength Studs (NonHeat Treated, Weldable)

Property Nelson High Strernjth SAE Grade 5 ISO 898-1, Class 88
(Minimum Values) Studs (HS) oIts aolts

Tensile Strength (hIS) 1i0,000 120,000 116,000

Yield Strength 92000 92,000 92,000

Hardness (HRC) 22-34 25-34 22-32

Elongation (2") '6.5% 14% -

Reduction in Area 42% 35%

Dprthiq an drni,r

3. Comparison of Nelson High Strength Studs to Common Industry Specifications

'3
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H H
p

Headed Concrete Anchors

Ordering EcampIe
NeIorl Type H4L, 1/2 x3 I/S MS. Pert No. 101 •053002

Material
Low Carbon Steel (MS) per ASTM•A29/A1 08, Grades 1010 through 1020

Stainless Steel (55) (UNS 531 503) per ASTMA2Th, .A493

DIA 1/4 3/8 1/2 5J8

A .187 .281 .312 .312

B .500 .750 1.000 1.250

L Partl4umbr QTY/ lTY/ WeIdioqAeasorie.IPartNumbEr

Lenqih SS MS (TN Plet FrruIe Chuck Grip Foor

I/I .3/4 102053031 T 2750 74250

/.1 I .8 101053164 2000 54000

/.1 711116 000 27000 
10.010106/ 500001014 50100100/ 507002001

I/I 4 .8 __________ 101051033 550 14850 __________ ___________ _____________ ________________

3/8 13/8 101053116 1000 27000

3/8 13/8 101053107 845 22815

3/8 2 I/S 10105303? 610 16470

5.8 23(8 101033039 530 14310
10010109'2 500001018 50100300'2 507007001

3/8 31/3 101053041 430 11610

3/8 4 I'S 101053013 350 9450

518 5 I/S 102053005 250 6750

3/8 6 I/S 101053045 ISO 4050

3/8 61/8316L 10105341? ISO 1050

1/2 2 I'S 101053047 100 10800

1/2 25/8 101053081 315 8:505

5/2 3 I/S 101053002 275 7425

1/2 35/5 101053265 240 6480

1/2 I I/S 101053003 180 4860

1/2 41/8316L 101053332 ISO 4860

1/2 51(8 02053030 ISO 4050 100101111 500001085 501005010 507002007
1/2 55/16 101051085 120 3240

1/2 61/S 101053008 lOS 2835

I!? 61f855316L 101053407 101053407 lOS 2835

1/7 81/8 _________ 101053010 65 175S _________ __________ ____________ _______________

5/8 1 7/16 101053.331 273 7425

5/8 2 11/16 101053012 195 5625

5/8 33116 101053011 175 1725

5/8 4 3/16 101053015 125 3375

5/8 53/16 101053064 95 2565 1001011875- 500001088 50I00l01l 
502002002

5/8 63/16 101053063 7.5 2025

8/8 69/16 101083019 70 I$0

5/8 81/16 101053023 50 1350

8/8 103/16 ___________ 102053001 1500 Triwall

'502-002-015 or 502002-046 Feet used with Standard Duty 9UflS
S02-4302-001, 502-002-002 or 502-4702-009 Fee; used with Heavy Duty 9UflS
tFor Vertical Weldinq Surfaces use Ferrule 100101224

19

RPP-CALC-62547 Rev.00 9/20/2019 - 5:52 PM 67 of 71



RPP-CALC-62547, Rev. 0 

 
CALCULATION SHEET 

Project No. S78918.001 Calculation No. 078908.18.01-S-001 Rev. 0 Page No.  65 of 68 
Title: Structural Analysis of TSCR IXC Storage Pad 
Prepared By: JR Martin Date:  9-16-2019 Checked By: CM Conselman Date:  9-16-2019 

 

Quality Assurance Procedure 3.1 Calculation Sheet (01-19) 
 

 

tainless Steel (As Formed) - 70,000 ps Minimum Ultimate, 35,000 psi Minimum Yield ___________

Thread Diameter

10-24UNC 0.0174 609 1,218 1.9 3.9 914

1O-32UNF 0.0199 697 1,393 2.2 4.4 1,045

1/4-20 UNC 0.0317 1,110 2,719 4,6 9,2 1,664

1/4-28 UNF 0.0367 1,767 7,534 5.3 10.6 1,901

5116-18 UNC 0.0522 1,827 3,654 9.5 19.0 2,741

5/16-24 (JNF 0.0579 2,027 4,053 10.6 21.1 3,040

3/8-16 UNC 00773 2,706 5.411 16.9 33.8 4,058

3f-24UNF 0.0876 3,066 6,132 19.2 38.3 4,599

7/16-14UNC 0.1060 3,710 7,420 27.1 54.1 5,565

7116-2OUNF 0.1185 4,148 8,295 30.2 60.5 6,221

1/2-13 UNC 0.1416 4,956 9,912 41.3 82.6 7,434

1/2-2OUNF 0.1597 5,590 11.179 46.6 93.7 8,384

518-11 UNC 0.2256 7,896 15,792 82.3 164,5 11,844

518-18UNF 0.2555 8,943 17,885 93.2 186.3 13,414

3f4-1OINC 0.3340 11,690 23.380 146.1 792.3 17,535

314-16UNF 0,3724 13,034 26,068 162,9 325.9 19,551

7/8-9UNC 0.4612 16,142 32,284 235.4 470.8 24,213

7/8-14tINF 0.5088 17,808 35,616 259,7 519,4 26,712

1-BIJN( 0.6051 21,179 42,357 353.0 706.0 31,768

1-14 UNF 0.6791 23,769 47,537 396.1 792.3 35,653

'Torque figures based on assumption that excessive deformation of thread has not taken relationship between torque/tension
out of its proportional range.

In actual practice, stud should not be used at its yield load. A factor of safety must be applied. It is generally recommended that
studs not be used at more than 60% of yield strength, however, the factor of safety may vary up or down according to the
particular application in whict the studs are being used.

General Stud Specifications

The user a! these 5tud5 will make this determination.

Ultimate TensIe L = SA II ftimate Torq se 1=0.2 a DxL . 12

Yield

Where 0=

5=

1=

Z=YA

Nominal Thread Diameterl in)

Tensile Stress IpsO
Tensile Load Ibsi

Torqueft-Ihs)

Yield Torque

2=

T=0.2tDxZ~ U

Mean Effective Thread Irea IMETAI tin')

Yield Stress (psif

Y3elcJ Load fibs)

1 META is used instead of root area in calculating screw lengths because of doses correlation 'with actual tens,le strenqth. .lETA is based on mean diameter,
'which is the diameterof animagirsarycoaxiaI cylinderwhocenijrfacewosild pass throughthethread profile approamately midway between the minorand
pirchdiameters.

2 In actual practice, stud should not he used it its yield load. P. factor of safery must be applied, it is generatly recommended that studs not be used at
more than 6Os, of yield n1renth. however, the factor of safety may vary up or down according to the particular application inwtsich the studs are being
used. The userwiilmakethiaaa(er'faeIordetemine0ian.

'Is
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ATTACHMENT 4 

SPECTRAL ACCELERATIONS EMAIL – WAIVER 271 
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DRS aixi FIRS Cab. P1o. WPPS.So4 ç'j

4mF08terWj4rPtceotNo. 8517190880 J14' 12. 2018

Table ii: Surface OPS fortheAN andAW DST Srtes

F109u9 ncy ________

0 .

SocUaI AcceIoraOon 9) for 0amp 0);

10'.

f)crizc!al Mc'L ,n

100 Il43 0I143 0.1143 01t43 0.1143 0.1143 0.1142
50 (1 1.355 0 1364 01359 0 1358 01352 0.1350 0,1346
333 (11650 0.1545 0 1520 0,1505 01493 0.1477 0.1452
25 (1 1991 0.1755 0.1700 0.1865 0 1639 0.1605 0.1571
20
13.3
10
9.26
5.13
5

3.33
25
2

1.23
1,00
0.57
0.5
0.33

)l 2363
0.3340
0 4221
'0.4459
0 5045
'0.50&9
0.4929
04968
05020
0.4990
'(14157
'02805
0.2154
0.1487

(1.1973
(1.2553
0.3127
(1.3295
0.3694
0.3732
0.3723
0.3751
0.3774
0.3775
(1,3117
0.2103
0,1 595
0.1092

o ig
0.2367
0 2849
0 2994
0 .33 5
0.3339
0.3325
0 3355
0 .3367
0 3371
O 2759
0.1850
0.1404
0.0952

0.182?
0.2245
(12562
0.2791
0.3056
03067
0.3067
0.3074
0.3079
0.3052
02522
0.1888
0.1259
0.0853

01785
0. 21 52
0251(1
0.2535
0 2858
0 2858
0.2558
0 2555
0.2556
0.2555
0 2002
3.1554
0,1155
0.0777

0.1729
0.2030
02326
0.2425
0.2580
0.2564
0.2555
0.2545
0.2537
0.2533
O 2057
0.1355
0.1015
'0.0669

0.1570
0.1905
0.2129
0.2209
0.2298
0.2265
0.2247
0 .2227
0.2211
0.2203
Q.1779
0.1173
0.0585
0.0551

0.2 30852 C.i057 0.0574 0.3513 00436 0.0396 0.0327
0,13 30522 00430 00378 033 00211 00251 0.0215
0.1 0.0340 0.0200 0.0272 :3252 5.0233 '30203 0.0174

Veriicoi 1'o1cr

100 00630 0.05.30 0.0630 0.0630 0.0600 0.0629 0.0629
50 00792 0.0765 0.0758 0.0753 00749 0.0744 0.0735
33.3 01223 0.1037 0.0993 0.0964 0.0942 0.0913 0.0883
25 0.1758 0.1350 0.12C.5 0.121)3 0.1157 0.1005 0.1033
20 02388 (11711 01552 (1.144? 01070 01255 0,1162
143.3 0.3358 0.2322 0.2060 0.1887 0.1758 0.1580 0.1404
19 0.3415 0.2342 0.2051 0.1874 0,1734 0.1538 0.1335
9.26 0.3409 0.2343 02061 0.1873 0.1732 0.1535 0.1342
6.13 0.2877 0.2005 0.1765 0.1602 0,1479 0.1307 0.1137
5 0.2553 01804 0.1592 0.1448 0.1338 0.1185 0,1033

3.33 '0.2206 0.1612 0.1432 0.1308 0.1213 0.1077 0.0940
2.5 (1.2033 0.1502 0.1338 0.1220 0.1132 0.I0CI. 0.0875
2 01930 0.1426 0.1268 0.1158 01073 0.0952 0.0829

1.20 0.1692 0.1266 0.1125 0.1030 0.0952 0.0845 0.0705
1.00 0.1481 (1,1093 0.0959 0.0882 0.0814 0.072(1 0.0624
0.67 01103 (10821 0.0727 0.0660 00608 0.0535 0.0450

0.5 0.0.897 0.0670 0.0593 0.0539 0.0487 0.0436 0.0375
0.33 0.0722 0.0562 0.0498 0.0451 0.0415 0.0351 0.0305
0.2 0.0482 0,0400 0.0358 0.0325 0.0300 0.0259 0.0219
013 00371 00314 00280 0.0255 00235 0.0203 0.0170
0.1 0 0263 00234 00213 0,0197 0.0184 0.0162 0.0140

Paç 24 of 129

Bruce Carperter, PE

2505 Garlick, Rm 2314

Office; 509-372-2047
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