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1.0 Purpose and Scope 

Robatel Technologies is designing the RT-100 transport cask to transport radioactive waste in the 
form of dewatered resins and filters.  The RT-100 transport cask is required to meet the 
requirements of 10CFR Part 71 (Ref. 3.1).  This calculation demonstrates that this package satisfies 
the requirements of 10CFR71.45 (Ref. 3.1) under the normal lifting conditions.  The NRC 
requirements in Reference 3.1 state that any lifting attachment that is a structural part of the 
package must be designed to withstand lifting stresses with appropriate safety factors.  The RT-100 
package is designed with two lifting pockets, attached to the cask sidewall, for lifting the assembled 
cask and with three removable lifting rings each on the upper impact limiter, lower impact limiter, 
primary lid and secondary lid.  Failure of the lifting mechanism under excessive load must not impair 
the ability of the cask to meet the requirements of Subpart E of Reference 3.1.  Any other structural 
part that could be used to lift the package must be capable of being rendered inoperable for lifting 
the package during transport, or must be designed with strength equivalent to that required for lifting 
attachments.  The purpose of this calculation is to structurally qualify the fully-loaded RT-100 
transport cask for the loadings associated with lifting activities, including dead weight and payload 
weight, for the normal lifting conditions. 
 

2.0 Summary of Results and Conclusions 

All structural members have a factor of safety of greater than 1.0 under the most adverse effects 
from the lifting activities for the normal lifting conditions.  The minimum factor of safety is 1.86 at the 
lifting pockets for the lifting of the assembled cask.  All welds and connections are qualified for the 
design loads.  The minimum weld factor of safety is 3.051 at the lifting pocket weld.  The minimum 
bolt factor of safety is 1.75 at the lifting ring for the secondary lifting mechanisms (lids, impact 
limiters, etc.).  The failure of the structural lifting attachments under excessive loads does not impair 
the ability of the cask to meet the other regulatory requirements of the cask.  The results of the 
analysis show that the RT-100 cask can withstand the required lifting activities for the normal lifting 
conditions. 
 
Therefore, the members and welds of the RT-100 transport cask are adequate for their design 
function under the normal lifting condition. 
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4.0 Assumptions 

4.1 The weight of the cask for the lifting evaluation is considered as the total weight of the cask and 
the maximum payload less the weight of the upper impact limiter.  The cask lifting pockets can 
only be used with the upper impact limiter removed due to the configuration of the cask 
components (Ref. 3.2).  This assumption is acceptable without further evaluation. 
 

4.2 The cask lifting yoke (Ref. 3.2) will be used to lift the cask.  The lifting yoke is designed to 
ensure that the lifting loads remain parallel to the sidewalls of the cask.  The design of the lifting 
yoke is beyond the scope of this calculation and will not be considered further. 

 
4.3 It is possible for the center of gravity of the payload to shift ±10% of the interior dimensions of 

the cask containment (Ref. 3.13).  The payload is significantly lighter than the fully loaded cask.  
Therefore, this shift has no significant effect on the lifting conditions since the change in payload 
location will have an inconsequential effect of the center of gravity of the fully-assembled, 
loaded cask, resulting in a maximum change of less than 4cm in the overall center of gravity, 
which is approximately a 2.5% change (Ref. 3.13).  Only the overall center of gravity location is 
used for this calculation.  This assumption is acceptable without further evaluation. 
 

There are no unverified assumptions in this calculation.  Other design assumptions used, if any, will 
be noted and referenced as needed in the body of the calculation. 

  



 
 

CALCULATION CONTROL SHEET 

CALC. NO. RTL- 001-CALC-ST-0201 

REV.           1 

PAGE NO. 9 of 22 

 
5.0 Design Inputs 

5.1 The total weight of the fully assembled, unloaded cask is 33,824kg (Ref. 3.2).   
5.2 The maximum payload weight is 15,000 lbs, or 6,803.9 kg (see Appendix 1).  Conservatively, a 

value of 7,060kg will be used for the evaluation. 
5.3 The weight of the upper impact limiter is 2,541kg (Ref. 3.2). 
5.4 The weight of the primary lid is 3,648kg (Ref. 3.2). 
5.5 The weight of the secondary lid is 857kg (Ref. 3.2). 
5.6 Per 10CFR71.45(a) (Ref. 3.1), any lifting attachment that is a structural part of a package must 

be designed with a minimum safety factor of three (3) against yielding when used to lift the 
package in the intended manner.  Per ANSI N14.6, a factor of five (5) against ultimate stress 
shall also be used.  A factor of three against yielding stress and a factor of five against ultimate 
stress will therefore be used in the calculation of the cask lifting load. 

5.7 The material properties used for the cask shell, the lead shielding and the lid bolts shall be as 
given in Table 1, unless noted otherwise. 

5.8 The weight of the lower impact limiter is 2,448kg (Ref. 3.2). 
5.9 A value of 9.81 m/s2 will be used for the gravitational acceleration. 
5.10 A value of 0.3 will be used for the Poisson’s Ratio of all stainless steel in accordance with 

Table NF-2 of Reference 3.7. 
 

Table 1 - Material Properties 

 
Notes: 

1. Material properties are taken from ASME B&PV Code, Section II, Part D (Ref. 3.7) by 
interpolation. 

Yield 
(Sy)

Ultimate
(Su)

Membrane 
Allowable

(Sm)

-29 172.4 482.6 115.1 198.6 -
20 172.4 482.6 115.1 195.2 8.5
50 166.9 476.7 115.1 192.9 8.7
100 145.7 451.7 115.1 189.2 8.9
150 132.1 421.6 115.0 186.1 9.2
200 121.6 406.1 109.4 182.3 9.5
250 114.4 397.9 102.7 179.2 9.7

-29 896.3 1034.2 206.8 204.8 -
20 896.3 1034.2 206.8 201.4 6.4
50 879.8 1034.2 206.8 199.7 6.5
100 817.8 1034.2 206.8 196.8 6.7
150 792.4 1034.2 206.8 193.7 6.9
200 767.5 1034.2 206.8 191.2 7.1
250 736.5 1034.2 206.8 187.6 7.3

Europe Grade 
10.9 (ASTM 

A354 Gr. BD)

(Lid Bolts)(1)

Material
Temp. 
(°C)

Strength (MPa)
Young's 
Modulus 
(MPa)

Coefficient 
of Thermal 
Expansion 

(10-6 m/m)

X2CRNI19.11 
(ASTM A240 

Type 304L)(1)
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6.0 Methodology 

The RT-100 transport cask will be a safety-related structure in accordance with 10CFR Part 71 (Ref. 
3.1).  The cask consists of a stainless steel containment structure with a lead shielding panel 
between the inner and outer cask wall, ductile stainless steel and foam upper and lower impact 
limiters, a pair of concentric, removable stainless steel cask lids and a pair of stainless steel lifting 
pockets on opposite sides of the cask body (Ref. 3.2).  Per Section 4.1, the upper impact limiter will 
be removed and lifted separately during lifting operations.  Per Section 5.6, a safety factor of three 
against yielding will be used in determining the weight of the assembled cask for lifting, for each of 
the impact limiters and for each of the cask lids. 
 
The evaluation of the RT-100 cask lifting pockets and outer shell is provided in this document to 
show that they meet all of the applicable requirements of 10CFR71.45 (Ref. 3.1) for the combined 
weight of the cask and the payload.  The evaluation of the RT-100 upper impact limiter, lower impact 
limiter, primary lid and secondary lid lifting rings are provided in this document to show that they 
meet all of the applicable requirements of 10CFR71.45 (Ref. 3.1) for the dead weight of the 
component being lifted.  The lifting rings and bolts utilized for lifting will be checked for lifting 
mechanism failure, cask tear out failure and weld failure, as applicable.  An evaluation is provided to 
demonstrate that failure of the lifting pockets under excessive load will not impair the cask’s ability to 
meet the other applicable requirements of Reference 3.1. 
 

7.0 Calculations 

NOTE:  In many cases, calculations are made using exact values, not the rounded numbers shown.  
Therefore, in certain situations, the numbers displayed may not be capable of providing the final 
solution.  Using exact numbers, however, provides the most accurate solution possible. 
 
7.1 Load Calculation 

See Section 0 (Design Inputs) of this calculation for a list of all applicable loads and Section 6.0 
(Methodology) for the applicable methodology and lifting conditions.  The detailed calculation of 
loads follows.   

 
 

7.2 Tie-Down Arm Lifting Evaluation 
Per 10CFR71.45(a) (Ref. 3.1), any structural part of the package, other than those components 
designated and designed for lifting activities, that could be used to lift the package must be 
capable of being rendered inoperable for lifting the package during transport, or must be 
designed with strength equivalent to that required for lifting attachments.  The tie-down arms 
can be rendered inoperable through the use of padlocks on the tie-down eyes provided in each 
of the tie-down arms for securing the load (Refs. 3.2 and 3.4).  The tie-down arms will not be 
used for lifting and therefore do not need to be designed for the lifting loads.  The tie-down arms 
are acceptable without further evaluation. 
 

  

Cask Weight, WC = 33824kg (see Section 5.1)

Payload Weight, WP = 7060kg (see Section 5.2)

Upper Impact Limiter Weight, WUL = 2541kg (see Section 5.3)

Total Lifting Weight, W = 38343kg, use 38,500kg 2541706033824WWW ULPC
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7.3 Primary Lid Lifting Evaluation 

The primary lid can be lifted separately from the rest of the cask by the three removable M20 
lifting rings shown in Reference 3.2.  The primary lid will be evaluated for the working load limit 
in the lifting rings and for the tear-out stresses in the lid from the lifting activities.  The lifting rings 
for the primary lid can only be used when the cask lid is separated from the cask body.  The 
secondary cask lid is also removable, so the primary lid may be lifted with the secondary lid 
attached or separated from the primary lid.  Conservatively, the combined primary and 
secondary lid is used for the lifting evaluation. 
 

Primary Lid Design Information 

Primary Lid Weight, WPL = 3648kg (see Section 5.4) 

Secondary Lid Weight, WSL = 857kg (see Section 5.5) 

 Total Lid Lifting Weight, 
WL = 

4505kg, use 
4,600kg 

Number of Lifting Rings, nr =  3 (Ref. 3.2) 
 

 
 
Check Cask Metal Tear-out Stresses 
 
Because the cask material is weaker than the lifting ring material, failure will occur at the root of 
the cask material threads.  The minimum required thread engagement length to prevent cask 
material failure is determined in accordance with Reference 3.6.  Since the constants in the 
equation assume customary units, the metric units used in this calculation will be converted for 
determination of the required engagement length.      
    
Minimum Engagement Length, Le = 

 
 
 

Check Lifting Ring Working Loads
The lifting rings on the primary lid will only be used for lifting when the lid is detached from the cask body,
and will be rendered inoperable by removing the rings from the lid when the cask is assembled.  The rings 
are therefore not considered to be a structural part of the package and do not need to be designed for the 
factor of safety against yielding (see Section 5.6).

Lifting Ring Load, Pr = 1533kg

Ring Working Load Limit, Pr,max = 3000kg (Ref. 3.2)

Factor of Safety, FS = 1.96 > 1.0


3

4600

n

W

r

L


1533

3000

P

P

r

maxr,
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where:     
     
Sbt = Bolt External Thread Tensile Strength, psi     
     
Ab = Stress Area of Bolt External Threads, in2     
     
Sct = Cask Internal Thread Tensile Strength, psi     
     
n = Number of Threads per Inch     
     
Ds,min = Minimum Major Bolt Diameter, in     
     
En,max = Maximum Pitch Diameter of Internal Thread, in     
 

The engagement length equation incorporates the engagement length of Formula 1 (Ref. 3.6) 
and the internal thread stripping reduction, J, of Formula 3 and Formula 4 (Ref. 3.6), which  
applies when the internal thread material is weaker than the external thread material of the bolt. 
 
 

Bolt Tensile Strength, Sbt = 1,034.21 MPa = 150,000 psi (see Table 1) 

Bolt Stress Area, Ab = 245.0 mm² = 0.38 in² (Ref. 3.9) 

Cask Tensile Strength, Sct = 482.6 MPa = 70,000 psi (see Table 1) 

Thread Pitch, p = 2.50 mm = 0.098 in (Ref. 3.9) 
 

Thread Spacing, n =  10.16 threads/in 

Minimum Bolt Diameter, Ds,min = 19.623 mm = 0.773 in (Table 14, Ref. 3.10) 

Maximum Pitch Diameter, En,max = 17.744 mm = 0.699 in (Table 15, Ref. 3.10) 
 
 

Minimum Engagement Length, Le = 

 
 

 

0.72 in = 18.2 mm 
 

Provided Engagement Length, Lep = 32.0 mm (Part 07730-20, see Appendix 2) 
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Factor of Safety, 
FS = 1.75 > 1.0 

Therefore, it is concluded that the RT-100 primary lid lifting rings are acceptable for the applied loads 
during the required lifting activities. 

 
         

7.4 Secondary Lid Lifting Evaluation 
The secondary lid can be lifted separately from the rest of the cask by the three removable lifting 
rings shown in Reference 3.2.  The primary and secondary lids can be lifted together or 
independently, as needed.   The combined primary and secondary lid are evaluated for lifting in 
Section 7.3, so this evaluation is only considering the lifting of the secondary lid.  The secondary 
lid will be evaluated for the working load limit in the lifting rings and for the tear-out stresses in 
the lid from lifting activities.  The lifting rings for the secondary lid can only be used when the 
cask lid is separated from the cask body. 
 

Check Cask Metal Tear-out Stresses 
Because the cask material is weaker than the lifting ring material, failure will occur at the root of 
the cask material threads. The minimum required thread engagement length to prevent cask 
material failure is determined in accordance with Reference 3.6.  Since the constants in the 
equation assume customary units, the metric units used in this calculation will be converted for 
determination of the required engagement length. 
 
 

Secondary Lid Design Information

Secondary Lid Weight, WSL = 857kg (see Section 5.5)

Total Lid Lifting Weight, WL = WSL = 857kg, use 900kg

Number of Lifting Rings, nr = 3 (Ref. 3.2)

Check Lifting Ring Working Loads
The lifting rings on the secondary lid will only be used for lifting when the lid is detached from the cask
and will rendered inoperable by removing the rings from the lid when the cask is assembled.  The rings are
therefore not considered to be a structural part of the package and do not need to be designed for the 
factor of safety against yielding (see Section 5.6).

Lifting Ring Load, Pr = 300kg

Ring Working Load Limit, Pr,max = 3000kg (Ref. 3.2)

Factor of Safety, FS = 10.00 > 1.0


3

900

n

W

r

L


300

3000

P

P

r

maxr,
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Minimum Engagement Length, Le =

where:

Sbt = Bolt External Thread Tensile Strength, psi

Ab = Stress Area of Bolt External Threads, in2

Sct = Cask Internal Thread Tensile Strength, psi

n = Number of Threads per Inch

Ds,min = Minimum Major Bolt Diameter, in

En,max = Maximum Pitch Diameter of Internal Thread, in

The engagement length equation incorporates the engagement length of Formula 1 (Ref. 3.6) and the
internal thread stripping reduction, J, of Formula 3 and Formula 4 (Ref. 3.6), which applies when the
internal thread material is weaker than the external thread material of the bolt.

Bolt Tensile Strength, Sbt = 1,034.21 MPa = 150,000 psi (see Table 1)

Bolt Stress Area, Ab = 245.0 mm² = 0.38 in² (Ref. 3.9)

Cask Tensile Strength, Sct = 482.6 MPa = 70,000 psi (see Table 1)

Thread Pitch, p = 2.50 mm = 0.098 in (Ref. 3.9)

Thread Spacing, n = 10.16 threads/in

Minimum Bolt Diameter, Ds,min = 19.623 mm = 0.773 in (Table 14, Ref. 3.10)

Maximum Pitch Diameter, En,max = 17.744 mm = 0.699 in (Table 15, Ref. 3.10)

Minimum Engagement Length, Le =

0.72 in = 18.2 mm

 



 






maxn,mins,mins,ct

bbt

ED0.57735
n2

1
DnπS

A2S


0.098

1

p

1

 






 






maxn,mins,mins,ct

bbt

ED0.57735
n2

1
DnπS

A2S

 






 






0.6990.7730.57735
10.162
1

0.77310.16π70000

0.382150000
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7.5 Upper Impact Limiter Lifting Evaluation 
The upper impact limiter can be lifted separately from the rest of the cask by the three 
removable M20 lifting rings shown in Reference 3.2.  The upper impact limiter will be evaluated 
for the working load limit in the lifting rings and for tear-out stresses in the impact limiter from the 
lifting activities.  The lifting rings for the impact limiter can only be used when the impact limiter 
is separated from the cask body. 
 

 
 

Check Cask Metal Tear-out Stresses 
Because the cask material is weaker than the lifting ring material, failure will occur at the root of 
the cask material threads.  The minimum required thread engagement length to prevent cask 
material failure is determined in accordance with Reference 3.6.  Since the constants in the 
equation assume customary units, the metric units used in this calculation will be converted for 
determination of the required engagement length.      
    

Provided Engagement Length, Lep = 32.0 mm (Part 07730-20, see Appendix 2)

Factor of Safety, FS = 1.75 > 1.0

Therefore, it is concluded that the RT-100 secondary lid lifting rings are acceptable for the applied
loads during the required lifting activities.


18.2

32.0

L

L

e

ep

Upper Impact Limiter Design Information

Impact Limiter Weight, WUL = 2541kg (see Section 5.3)

Total Lifting Weight, WL = WUL = 2541kg, use 2,700kg

Number of Lifting Rings, nr = 3 (Ref. 3.2)

Check Lifting Ring Working Loads
The lifting rings on the upper impact limiter will only be used for lifting when the impact limiter is detached
from the cask body, and will be rendered inoperable by removing the rings from the impact limiter when
the cask is assembled.  The rings are therefore not considered to be a structural part of the package and
do not need to be designed for the factor of safety against yielding (see Section 5.6).

Lifting Ring Load, Pr = 900kg

Ring Working Load Limit, Pr,max = 3000kg (Ref. 3.2)

Factor of Safety, FS = 3.33 > 1.0


3

2700

n

W

r

L


900

3000

P

P

r

maxr,
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Minimum Engagement Length, Le =

where:

Sbt = Bolt External Thread Tensile Strength, psi

Ab = Stress Area of Bolt External Threads, in2

Sct = Cask Internal Thread Tensile Strength, psi

n = Number of Threads per Inch

Ds,min = Minimum Major Bolt Diameter, in

En,max = Maximum Pitch Diameter of Internal Thread, in

The engagement length equation incorporates the engagement length of Formula 1 (Ref. 3.6) and the
internal thread stripping reduction, J, of Formula 3 and Formula 4 (Ref. 3.6), which applies when the 
internal thread material is weaker than the external thread material of the bolt.

Bolt Tensile Strength, Sbt = 1,034.21 MPa = 150,000 psi (see Table 1)

Bolt Stress Area, Ab = 245.0 mm² = 0.38 in² (Ref. 3.9)

Cask Tensile Strength, Sct = 482.6 MPa = 70,000 psi (see Table 1)

Thread Pitch, p = 2.50 mm = 0.098 in (Ref. 3.9)

Thread Spacing, n = 10.16 threads/in

Minimum Bolt Diameter, Ds,min = 19.623 mm = 0.773 in (Table 14, Ref. 3.10)

Maximum Pitch Diameter, En,max = 17.744 mm = 0.699 in (Table 15, Ref. 3.10)

Minimum Engagement Length, Le =

0.72 in = 18.2 mm
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1
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7.6 Lower Impact Limiter Lifting Evaluation 
The lower impact limiter can be lifted separately from the rest of the cask by the use of three of 
the twelve M36 bolts, evenly spaced around the perimeter of the impact limiter, shown in 
Reference 3.2.  The lower impact limiter will be evaluated for the bolt stresses and for tear-out 
stresses in the impact limiter from the lifting activities.  The bolts can only be used for lifting 
when the impact limiter is separated from the cask body. 
 

 

Provided Engagement Length, Lep = 32.0 mm (Part 07730-20, see Appendix 2)

Factor of Safety, FS = 1.75 > 1.0

Therefore, it is concluded that the RT-100 upper impact limiter lifting rings are acceptable for the 
applied loads during the required lifting activities.


18.2

32.0

L

L

e

ep

Lower Impact Limiter Design Information

Impact Limiter Weight, WLL = 2448kg (see Section 5.8)

Total Lifting Weight, WL = WLL = 2448kg, use 2600kg

Number of Lifting Bolts, nb = 3 (Ref. 3.2)

Gravitational Acceleration, g = 9.81 m/s² (see Section 5.9)

Check Bolt Stresses
The bolts on the lower impact limiter will only be used for lifting when the impact limiter is detached from
the cask body, and will be rendered inoperable by securing them to the cask body as part of the 
assembled cask.  The bolts are therefore not considered to be a structural part of the package with
respect to lifting and do not need to be designed for the factor of safety against yielding (see Section 5.6).
Since the arrangement of the cables or straps used to lift the lower impact limiter may vary, the total
lifting load is conservatively considered simultaneously in the vertical and horizontal directions.

Bolt Tension, T = 8502.0 N

Bolt Shear, V = 8502.0 N

Bolt Stress Area, Ab = 817.0 mm² = 0.000817 m² (Ref. 3.9)

Bolt Tensile Stress, σ1 = 10406.4 kN/m² = 10.4 MPa

Bolt Shear Stress, τ = 10406.4 kN/m² = 10.4 MPa







3

9.812600

n

gW

b

L





10000.000817
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Maximum Principal Stress, σp1 =

16.8 MPa (Ref. 3.11)

Maximum Principal Stress, σp2 =

-6.4 MPa (Ref. 3.11)

Maximum Shear Stress, τmax = 11.6 MPa (Ref. 3.11)

Bolt Yield Stress, Sy = 896.3 MPa (see Table 1, room temperature used)

Allowable Shear Stress, Sa = 537.8 MPa

Factor of Safety, FS = 46.22 > 1.0

Check Cask Metal Tear-out Stresses
Because the cask material is weaker than the bolt material, failure will occur at the root of the cask 
material threads.  The minimum required thread engagement length to prevent cask material failure is
determined in accordance with Reference 3.6.  Since the constants in the equation assume customary
units, the metric units used in this calculation will be converted for determination of the required
engagement length.

Minimum Engagement Length, Le =

where:

Sbt = Bolt External Thread Tensile Strength, psi

Ab = Stress Area of Bolt External Threads, in2

Sct = Cask Internal Thread Tensile Strength, psi

n = Number of Threads per Inch

Ds,min = Minimum Major Bolt Diameter, in

En,max = Maximum Pitch Diameter of Internal Thread, in
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7.7 Assembled Cask Lifting Evaluation 
The cask will be lifted by the use of the two lifting pockets on the cask sidewalls, on opposite 
sides of the cask body.  The assembled cask will be lifted with the upper impact limiter removed 
to accommodate the connection between the special hoisting device and the lifting pockets.  
The cask lifting load will therefore be considered as the total weight of the fully assembled cask, 
including the payload, but with the impact limiter load removed and considered to be lifted 
separately (see Section 7.5).  The lifting pockets will be evaluated for the connection stresses, 
weld stresses and cask body stresses due to the required lifting activities. 

The engagement length equation incorporates the engagement length of Formula 1 (Ref. 3.6) and the
internal thread stripping reduction, J, of Formula 3 and Formula 4 (Ref. 3.6), which applies when the
internal thread material is weaker than the external thread material of the bolt.

Bolt Tensile Strength, Sbt = 1,034.21 MPa = 150,000 psi (see Table 1)

Bolt Stress Area, Ab = 817.0 mm² = 1.27 in² (Ref. 3.9)

Cask Tensile Strength, Sct = 482.63 MPa = 70,000 psi (see Table 1)

Thread Pitch, p = 4.00 mm = 0.157 in (Ref. 3.9)

Thread Spacing, n = 6.35 threads/in

Minimum Bolt Diameter, Ds,min = 35.465 mm = 1.396 in (Table 14, Ref. 3.10)

Maximum Pitch Diameter, En,max = 33.342 mm = 1.313 in (Table 15, Ref. 3.10)

Minimum Engagement Length, Le =

1.53 in = 39.0 mm

Provided Engagement Length, Lep = 75.0 mm (Ref. 3.2)

Factor of Safety, FS = 1.92 > 1.0

Therefore, it is concluded that the RT-100 lower impact limiter bolts are acceptable for the applied
loads during the required lifting activities.
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Cask Design Information

Total Lifting Weight, W = 38500kg (see Section 7.1)

Number of Lifting Pockets, np = 2 (Ref. 3.2)

Gravitational Acceleration, g = 9.81 m/s² (see Section 5.9)

Check Lifting Pocket Eye Tear-out Stresses
The cask lifting pocket can only be used with the upper impact limiter removed.  The lifting pockets will be
used for lifting the assembled cask body, without the upper impact limiter, and will be rendered inoperable
by removing the lifting attachment from the lifting pocket during transport.  The lifting pockets are
considered to be a structural part of the package with respect to lifting and therefore do need to be 
designed for the factor of safety against yielding and ultimate stresses (see Section 5.6).  A special lifting 
yoke (Ref. 3.2) will be used to lift the assembled cask body and to ensure that the lifting straps or cables 
remain parallel to the body of the cask  during lifting operations.

Yielding Factor of Safety, fsy = 3 (see Section 5.6)

Ultimate Factor of Safety, fsu = 5 (see Section 5.6)

Vertical Shear Load, Pv = 188.8 kN

The critical tear-out area for each cask lifting pocket is determined from Reference 3.2.

Lifting Eye Diameter, de = 67 mm = 0.067 m

Lifting Pocket Length, Lp = 201 mm = 0.201 m

Lifting Pocket Edge Distance, dp = 55 mm = 0.055 m

Lifting Eye Tear-out Distance, dto = 0.1125 m

Lifting Pocket Thickness, tp = 37 mm = 0.037 m

Tear-out Area, Ato = 0.00416 m²

Nominal Tear-out Stress, τ = 45367.6 kN/m² = 45.4 MPa
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The stresses in the welds attaching the lifting pocket to the cask outer shell are found by applying 
the shear load from the lifting pockets to the weld around the perimeter of the plate.  Based on 
the safety factors for the lifting pocket, yielding will control the weld evaluation.  The stresses and 
allowables are determined as described in Reference 3.3 

 

Cask Yield Strength, Sy = 172.4 MPa (see Table 1)

Cask Ultimate Tensile Strength, Su = 482.6 MPa (see Table 1)

Allowable Shear Stress, τAy = 57.5 MPa

Allowable Shear Stress, τAu = 96.5 MPa

Factor of Safety, FS = 1.27 > 1.0

Factor of Safety, FS = 2.13 > 1.0

Check Lifting Pocket Weld Stresses
The stresses in the welds attaching the lifting pocket to the cask outer shell are found by applying the 
shear load from the lifting pockets to the weld around the perimeter of the plate.  Based on the safety 
factors for the lifting pocket, yielding will control the weld evaluation.  

Weld Lifting Load, Pw = 566.5 kN, use 600 kN

Cask Tensile Stress, Sy = 172.4 MPa (see Table 1)

Weld Tensile Stress, Sw = 400.0 MPa (Ref. 3.7)

See the following page for the weld evaluation.  Conservatively, the upper section of the pocket is 
considered to take the full lifting load.  The lifting pocket will be seal welded to and bear upon the cask 
bolting ring.  The lifting load will therefore be shared between the lifting pocket weld and the bolting ring.  
Conservatively, the full load is considered to be taken by the lifting pocket weld only.
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7.8 Failure of Cask Lifting Pockets Under Excessive Loads 

The lifting pocket has a factor of safety of 1.86 against lifting eye tear-out and 3.051 against 
weld failure (see Section 7.7).  Therefore, under excessive loading, the failure of the lifting 
pocket will occur by tear-out of the lifting pocket at the lifting pocket eye or the lifting pocket 
weld.  This will not impair the package’s ability to meet other regulatory requirements since the 
lifting pocket is not integral to the cask body (Ref. 3.2). Tear-out at the lifting pocket eye will only 
remove the part of the lifting pocket and will not compromise the cask body shell.  The same is 
true if tear-out occurs at the weld rather than in the lifting pocket eye. 
 
Therefore, the RT-100 cask meets the excessive load requirements of Section 71.45(a) of 
Reference 3.1. 
 
 
 
 
 
 

 
 
 

kN/m 
kN/m 



 
 CALCULATION CONTROL SHEET 

(Appendix 1) 

CALC. NO. RTL- 001-CALC-ST-0201 

REV.           0 

PAGE NO. 1 of 2 

 
 

 

 

 

Appendix 1 
 

Cask Design Input Email 
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Appendix 2 
 

Lifting Ring Design Information 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

  



 
 CALCULATION CONTROL SHEET 

(Appendix 2) 

CALC. NO. RTL- 001-CALC-ST-0201 

REV.           0 

PAGE NO. 2 of 2 

 
 
 
 
 
 
 
 
 




