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Enclosure 3 Contains Westinghouse Proprietary Class 2 Information 
requested to be withheld from public disclosure under 10 CFR 2.390(a)(4)

Florida Power & Light Company

700 Universe Boulevard, Juno Beach, FL 33408

L-2014-130
10 CFR 52.3
10 CFR 2.390

May 9, 2014 

U.S. Nuclear Regulatory Commission 
Attn:  Document Control Desk
Washington, D.C. 20555-0001 

Re: Florida Power & Light Company
Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
Voluntary Submittal to NRC Request for Additional Information Letter No. 64
(eRAI 6544) Related to SRP Section 03.05.03 - Barrier Design Procedures

References:  

1. FPL Letter L-2012-352 to NRC dated September 19, 2012, Response to NRC 
Request for Additional Information Letter No. 64 (eRAI 6544) Related to SRP 
Section 03.05.03 - Barrier Design Procedures  

2. NRC Letter to FPL dated July 11, 2012, Request for Additional Information Letter 
No. 64 (eRAI 6544) Related to SRP Section 03.05.03 - Barrier Design 
Procedures for the Turkey Point Nuclear Plant Units 6 & 7 Combined License 
Application

3. FPL Letter L-2013-304 to NRC dated October 28, 2013, Supplemental Response
to NRC Request for Additional Information Letter No. 64 (eRAI 6544) Related to 
SRP Section 03.05.03 - Barrier Design Procedure

Florida Power & Light Company (FPL) provided its response in the Reference 1 letter to 
the Nuclear Regulatory Commission (NRC) Request for Additional Information (RAI) No. 
03.05.03-34 (eRAI 6544) provided in Reference 2. In Reference 3 FPL submitted a 
supplement to the response to address calculation audit questions. FPL is providing 
clarifications to that supplement in this voluntary submittal.  A proprietary clarification to 
Table 7, note 2, is presented in Enclosure 3.  Non-Proprietary FSAR clarifications are 
presented in Enclosure 4. Enclosure 2 has been updated to provide the same 
pagination as the supplemental response in Enclosure 3. 

FPL provides, as Enclosure 4 to this letter, new associated COLA revisions as part 
of its voluntary submittal to NRC’s RAI 03.05.03-34.  The enclosure identifies
changes that will be made in a future revision of the Turkey Point Units 6 and 7 
Combined License Application (if applicable). 





Enclosure 1

Westinghouse Application for Withholding

Proprietary Information from Public Disclosure

Pursuant to 10 CFR 2.390(a)(4)

CAW-14-3948 
(6 Total Pages)

Westinghouse Application for Withholding Proprietary Information from Public Disclosure 
CAW-14-3948, accompanying Affidavit, Proprietary Information Notice, and Copyright 
Notice pursuant to 10 CFR 2.390(a)(4) 

Enclosure 3 of this letter, "Supplement to RAI-6544", TPG-GW-GLR-002, Revision 1, 
contains Westinghouse Proprietary Class 2 information.

As Enclosure 3 of this letter contains proprietary information to Westinghouse Electric 
Company LLC, it is supported by an affidavit signed by Westinghouse, the owner of the 
information.  The Westinghouse affidavit sets forth the basis on which the information may 
be withheld from public disclosure by the Commission and addresses with specificity the 
considerations listed in 10 CFR 2.390(b)(4).

Accordingly, it is respectfully requested that the information which is proprietary be withheld 
from public disclosure in accordance 10 CFR 2.390.

Correspondence with respect to the proprietary aspects of this application for withholding 
or the accompanying affidavit should reference CAW-14-3948 and should be addressed to 
Robert B. Sisk, Manager, Korea/UAE, Westinghouse Electric Company LLC, Suite 428, 
1000 Westinghouse Drive, Cranberry Township, Pennsylvania 16066.













Enclosure 2

"Supplement to RAI-6544", TPG-GW-GLR-001 

Revision 1

Contains Westinghouse Non-Proprietary Class 3 Information 

(20 Total Pages)

Note: The footer pagination matches the Enclosure 3 version.



NRC RAI Letter No. PTN-RAI-LTR-064 Dated July 11, 2012 
SRP Section: 03.05.03 – Barrier Design Procedures 
Questions from Hydrologic Engineering Branch (RHEB) 

NRC RAI Number: 03.05.03-34 
This response is a follow-up to information previously submitted to the NRC in FPL letter L-2012-352, 
Response to NRC Request for Additional Information Letter No. 64 (eRAI 6544) Related to SRP Section 
03.05.03 – Barrier Design Procedures, dated September 19, 2012. 
 
FPL RESPONSE:  
The NRC staff review of the response to RAI 03.05.03-34 identified the need to review the details of the 
Westinghouse supporting calculations and summary report (References 1 and  2).  The supporting 
calculations were inspected by the NRC at the Westinghouse Rockville office.  Following that inspection, 
the NRC requested an audit of the calculations with Westinghouse and FPL present.  The NRC audit of 
the calculations supporting the missile impact analysis took place on February 6, 2013.  The NRC audit 
focused on the shear in the walls caused by the automobile impact.  Following the audit, action items were 
identified that need to be addressed.  
 
This supplemental response addresses each of the seven (7) action items resulting from the NRC audit. 
The seven (7) action items are: 
 

1. Demonstrate how the critical location(s) for punching shear were located and assessed;  
2. Demonstrate the use of ACI 318 in determining the critical sections; 
3. Address the consideration of punching shear and shear at supports as discussed in ACI 349-01 

Appendix C.5; 
4. Address the use of flat plate or slab analysis methodology;  
5. Provide a justification of the use of an increase in the factor that defines the shear perimeter (0.6 

instead of 0.3); 
6. Address propagation of the impact load to the rest of the structure; 
7. Address significant differences with TR-133 (APP-GW-GLR-133). 

 
FPL RESPONSE:  
Action Item 1:  Demonstrate how the critical location(s) for punching shear were located and assessed. 
 
Response to Action Item 1 
 
For the evaluation of punching shear, five critical walls of the Auxiliary Building are selected for evaluation.  
They are considered critical based on thickness, reinforcement, location, and span distance from the floor 
and wall supports associated with the critical wall slab being evaluated.  The wall segments and location 
are identified in Table 1.  All of these locations are associated with the Auxiliary Building.  All of these 
locations are potentially vulnerable to a postulated automobile hurricane missile.  The walls are of 
reinforced concrete design having a concrete compressive stress of 4,000 pounds per square inch (psi), 
and the reinforcement meeting ASTM 615, Grade 60 (yield stress of 60 kips per square inch [ksi]). 

Auxiliary Building walls adjacent to seismic category II buildings (Turbine Building First Bay and Annex 
Building area 1-3) are protected. These seismic category II buildings (designed to seismic category I 
standards) are robust reinforced concrete structures which are resistant to missile penetration and are 
designed to remain standing under a hurricane.  The Shield Building wall is thicker than the Auxiliary 
Building walls (3 feet versus 2 feet) and has more reinforcement.  Therefore, the Shield Building (analyzed 
to survive a beyond-design basis event of a large airplane impact) is shown to be adequate by 



demonstrating that the Auxiliary Building structural integrity is maintained for the automobile hurricane 
missile.  An automobile missile generated within a half mile of the plant structures is considered to impact 
all elevations less than 30 feet above all grade levels, and therefore will not reach the elevation of the 
Passive Containment Cooling System (PCS) tank.  This impact height and distance criteria are provided in 
Regulatory Guide 1.221 (October 2011).   

Table 1 – Shear in Walls due to Automobile Missile Impact 

 
Wall ID 
Number 

Wall  Segment (1) Elevation 

1W Along wall 1 between walls N & I 135’ 3” to 180’ 0” 

2W Along wall N between walls 1 & 4  135’ 3” to 180’ 0” 

3W Along wall I between 1 & 4  153’ 0” to 180’ 0” 

4W Along wall Q between walls 9.1 & 11  117’ 6” to 153’ 0” 

5W Along wall 1 between  I & L2  100’ to 135’ 3” 
 

(1) Location of wall segment is shown in Westinghouse Design Control Document, Revision 19, Appendix 
3H.  See also Figure 7 of this report. 

 
On each of the wall segments the location of the automobile missile impact varies.  Beam action (one-way 
action) and punching shear (two-way action) are evaluated on each wall panel at three different locations: 
interior, edge and corner.  The evaluation of these three locations is based on punching shear provisions 
from ACI 318-11 section 11.11.2 and ACI 349-01 section 11.12.2.  ACI 349-01 section 11.12.1 states the 
shear strength of slabs in the vicinity of concentrated loads is governed by the more severe of two 
conditions, beam action or two-way action. 
 
One-Way Beam Action Allowable Shear Stress 

Beam action is considered in two directions extending in-plane across the entire width per ACI 349-01 
section 11.12.1.1.  Per ACI 349-01 code requirements (Sections 11.1 and 11.3): 
 

                       (11-1) 
Vn = Vc + Vs             (11-2) 
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Where: 
Vu = factored shear force at section 
Vn = nominal shear strength 
Vc = nominal shear strength provided by concrete 
Vs = nominal shear strength provided by shear reinforcement – considered zero 
 
  = 0.85                  (9.3.2) 
 
DIF= 1.10 for reinforcing steel with fy = 60 ksi    (C.2.1) 
DIF = Material dynamic increase factor 
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Allowable Shear        Vc = 0.85(2) 4000)1.1( d      klf 

 
Two-Way Action Punching Shear Allowable 

ACI 349-01 Section 11.12.1.2 states the critical sections shall be located so that its perimeter is a 
minimum but need not approach closer than d/2 to concentrated loads (where d is the effective depth of 
the section).  

Shear allowable for two-way action specified in Section 11.12.2 is the smallest of the three equations 
below.   
 

Vc shall be the smallest of: 

(a) cV (
c

42 ) dbfc 0
'            (11-35) 

Where c  is the ratio of long side to short side of the 
column, concentrated load or reaction area; 
 

(b) cV ( 2
0b
ds ) dbfc 0

'         (11-36)    

Where s is 40 for interior columns, 30 for edge 
columns, 20 for corner columns; and  
 

(c) dbfV cc 0
'4                        (11-37) 

 
A dynamic increase factor (DIF) of 1.1 and a strength reduction factor of  equal to 0.85 are used.  The 
term s, equal to 40 for interior columns, is used in equation 11-36.  Values of s equal to 30 and 20 are 
not used since they apply to edge and corner columns.  In these cases (edge and corner columns), the 
equations above are based on a column located on a portion of the slab with one or two sides of the slab 
unsupported, and consequently only has shear resistance along three or two sides of the concentrated 
load, respectively.  In the case of the AP1000®1 Auxiliary Building walls, shear resistance is along all four 
sides of the automobile missile.  The Auxiliary Building walls are continuous and lateral forces are 
transferred to the rest of the building via floors, interior and exterior walls, and roof.  As shown in Table 2, 
equation 11-37 has the smallest shear allowable.  The allowables include the 1.1 dynamic increase factor 
(DIF). 

 
Table 2 – Punching Shear Allowable (klf) 

 

1 AP1000 is a trademark or registered trademark of Westinghouse Electric Company LLC, its affiliates and/or its subsidiaries in 
the United States of America and may be registered in other countries throughout the world. All rights reserved. Unauthorized use 
is strictly prohibited. Other names may be trademarks of their respective owners. 

a,c 



 
Allowable Shear       dVc )4000(1.1)4(85.0    klf 
 

Shear Calculations for Interior Impact 

Interior Impact - One-Way Action   

Shear calculations for the missile striking the center of wall panels are summarized and addressed here 
considering one-way action.  For the assessment of one-way action both the wind (Vwind) and automobile 
missile (Vmissile) are considered.  Vmissile is the shear force due to the maximum automobile missile impact 
load (660 kip), multiplied by the applicable dynamic load factor (see Table 3) associated with its impact 
forcing function (see Figure 2). Vwind is based on the sum of internal and external pressures due to wind.  
The values of Vwind and Vmissile are divided by the entire span in both directions for each wall per Section 
11.12.1.1 in ACI 349-01.  Walls 1W, 3W and 5W have [ 
                                                                                ].a,c  Vu is calculated as: 
 
  [                                ]a,c 
 
For walls 2W and 4W, where [  
                                                  ].a,c  Wind load is added as shown in the calculation of Vu as shown in the 
equation below:   
 
  [                                                 ]a,c 
 
Table 3 shows that the one-way beam shears are all below the ACI Code allowables. 
 

  



Table 3 – Beam Action Reactions 

 

 
 
 
 

 
 
 

 
 

    

    

    

    

    
 

 
 

 

  
Interior Impact - Two-Way Action 

The punching shear is determined considering wind and automobile missile impact with the dynamic load 
factor.  The shear area is defined by the perimeter of the critical section bo, defined by the distance d/2 
from the automobile missile impact zone having the dimension of 6.6’ by 4.3’, multiplied by the effective 
depth d.  

In Table 4 are the punching shears at the critical perimeter for the five walls.  As seen they are all below 
the ACI allowables.  

  

Table 4 – Punching Shear Reactions 
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Shear Calculations for Edge and Corner Impact 

Edge and corner effects are studied with dynamic analysis using the finite element code ABAQUS and the 
AP1000 NI05 model.  The model is finely meshed in the areas associated with the automobile impact.  
 
Five exterior Auxiliary Building walls were considered as the impacted walls.  On each wall, Case 1 is 
referred to as the impact area close to the edge of the floor/roof and the wall to study the corner effect.  
Case 2 is referred to as the impact area close to the floor/roof along the middle edge of the wall to study 
the edge effect.  The impact locations on each wall are shown in Figure 1.  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1 - Schematic of Impact Locations on Auxiliary Building Exterior Walls 

 
 
 

For each impact case, a time history dynamic analysis using the automobile missile impact forcing 
function is performed.  The forcing function for the automobile missile is defined in Reference 3.  The 
forcing function associated with the impact of the automobile missile onto the structure is defined as a 
quarter sine wave (see Figure 2). The basis of this formulation is that the automobile missile is considered 
as a deformable missile and the structure as a rigid target.  This formulation is given below: 
 

F(t) = 0.625 Vc W Sin (20t)     0< t < 0.0785 sec 

F(t) = 0       t > 0.0785 sec 

Where 

Vc = impact velocity during impact (fps) 
Vc = 264 fps for horizontal impact based on the horizontal velocity of 180 mph 
W = weight of automobile missile = 4000 lbs 
F(t) = 660 Sin (20t), kips for horizontal impact 

The plot of this forcing function considering horizontal impact is shown in Figure 1.  The frontal impact 
area is 6.6 feet x 4.3 feet as per Regulatory Guide 1.221, Revision 0, October 2011. 

 

a,c 



 
 

Figure 2 – Automobile Horizontal Hurricane Impact Force 
 

A Dynamic Load Factor (DLF) was calculated to determine if the dynamic increase factor of 1.1 can be 
used in the calculation of the allowable stress (1.1 can be used if DLF > 1.2).  [ 
 
                                                                                                                         ].a,c  Table 5 summarizes 
DLFs of each wall impacted at the different locations as shown in Figure 1.   

 
Table 5 – DLFs of Critical Exterior Walls 

     
     
     
     
     
     

 
 
 
 
 
 
 
 

 
 
Edge and Corner Impacts - One-Way Action 

Similar to interior impact, one-way shear does not govern in edge and corner impacts.  For two-way 
action, the out-of-plane shear is within an allowable of dfV cc

'4 , over a length of 6.6’+ d directly 

above the impact.  In the case of one-way shear, the allowable is   over the entire span.  
[ 
                                                                                        ].a,c 
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Edge and Corner Impacts - Two-Way Action 

The peak out-of-plane shear member forces evaluated by [                                                ]a,c for each 
impact case are given in Table 6.  SF4 is out-of-plane shear along the vertical sides of the element and 
SF5 is out-of-plane shear along the horizontal sides of the element. The out-of-plane shear created by the 
hurricane automobile missile is evaluated using allowable stresses in accordance with ACI 349-01 that are 
shown in Table 4.  However, it is noted that they are 
reduced [                                                                                                        ].a,c  As shown in Table 6, [ 
                                                                                                                           ].a,c  For Impact 
Case 1                                                                                                           ].a,c  As seen from 
Table 6, all of the shear member forces are below the allowable. 

 
Table 6 – Edge and Corner Impact Peak Out-of-Plane Shear Member Forces 

 
 

 
    

 

  
     

 
 
        

 

 
 
 
 
  
 
 
  
  
   

 
Conclusion to Action Item 1 
 
In conclusion, the automobile missile impact was evaluated for critical external walls of the Auxiliary 
Building that would potentially be subjected to hurricane automobile missiles.  These critical walls are 
representative of the walls of the Auxiliary Building on the exterior boundary.  Impacts were evaluated at 
mid span, edges and corners consistent with the ACI Code.  Following ACI requirements, the punching 
shear is evaluated at three locations:  (1) interior portion of an exterior wall that is away from the edge and 
corner; (2) at the edge location associated with a supporting wall or floor; and (3) at the corner defined by 
a wall and floor that support the wall segment.  With consideration of one-way and two-way action, the 
shear stress was found to be within the ACI 349-01 shear allowables. 
 
Action Item 2:  Demonstrate the use of ACI 318 in determining the critical sections. 
 
Response to Action Item 2 
 
In Section 11.11 of ACI 318 provisions for slabs (applicable to walls being evaluated) are given.  In this 
section  of the code it is stated that the shear strength in the vicinity of concentrated loads (e.g., 
automobile missile impact) is governed by the more severe of two conditions: 

a,c 



 
1. Beam action (one-way action) where each critical section evaluated extends in a plane across the 

entire width. 
2. For two-way action, each critical section investigated shall be located so that its perimeter bo is a 

minimum but need not approach closer than d/2 to: 
a. Edges or corners of columns (considered wall boundaries), concentrated loads; 
b. Changes in slab thickness such as edges of capitals, drop panels, or shear caps (does not 

apply). 
 
Also addressed are edge and corner cases having the concentrated load located on a portion of the slab 
with one or two sides of the slab unsupported, and consequently only has shear resistance along two or 
three sides of the concentrated load.  These cases do not apply since the walls being evaluated are 
supported on four sides. 
 
The ACI 318 requirements related to the critical sections are the same as those given in ACI 349-01. 
 
Conclusion to Action Item 2 
 
Two conditions are considered that define the most severe case:  (1) beam action; and (2) two-way action.  
The critical locations to be evaluated on the impacted wall are in the interior, edge, and corner of the wall 
boundary.  Following the requirements given in ACI 318 in determining and evaluating the critical sections 
for the shear resulting from the automobile missile impact will result in the same requirements given in ACI 
349-01.   
 
Action Item 3:  Address the consideration of punching shear and shear at supports as discussed in ACI 
349-01 Appendix C.5. 
 
Response to Action Item 3 
 
ACI 349-01 Appendix C provides special provisions for impactive and impulsive effects.  Section C.5 
addresses shear strength.  Both one-way beam action and two-way punching shear are recognized.  
Provisions also apply for reaction shear at supported edges of walls.  For the impactive or impulsive load a 
dynamic increase factors (DIF) of Section C.2 should be applied to the shear strength equations given in 
Sections 11.1 to 11.5, and for the punching shear strength of walls as defined in accordance with Section 
11.12.  Also, the shear strength equations should be reduced by the appropriate  factor (0.85 per Section 
9.3 for shear).   
 
A dynamic increase factor of 1.1 (per Section C.2 for reinforcing steel having a yield stress of 60 ksi) is not 
considered in the allowable stress if the dynamic load factor is below 1.2 per Regulatory Guide 1.142. 
 
Conclusion to Action Item 3 
 
The provisions for impulsive and impactive effects for shear allowables given in Section C.5 are used in 
this evaluation.  The use of the dynamic increase factor (DIF) is applied to the allowable shear equations 
as defined for one-way beam action and two-way punching shear unless the dynamic load factor is below 
1.2. 
 
Action Item 4:  Address the use of flat plate or slab analysis methodology. 
 
Response to Action Item 4 
 



This methodology refers to the use of standard handbook flat plate formulas.  These formulas were not 
used since finite element analyses are performed.  The effects of impact on edge and corner panel 
locations are determined by finite element analysis with the ABAQUS program.   
 

Conclusion to Action Item 4 
 
In conclusion, the standard handbook flat plate formulas were not used in this evaluation since finite 
element analysis is used. 
 
Action Item 5:  Provide a justification of the use of an increase in the factor that defines the shear 
perimeter (0.6 instead of 0.3, where the perimeter is extended 0.6 times missile dimensions from the face 
of the missile).  The factors of 0.3 and 0.6 are based on Reference 7.  Instead of the span length the 
dimension of the impacting automobile area (6.6’ x 4.3’) was used to establish the shear perimeter.  The 
0.3 factor is the minimum and 0.6 is the maximum. 
 
Response to Action Item 5 
 
Item 5 applies to two-way action punching shear.  ACI 349-01 requirements of extending the shear 
perimeter about the automobile missile impact zone (6.6’ x 4.3’) is used.  Specifically, ACI 349-01 Section 
11.12.1.2 states the critical sections shall be located so that its perimeter is a minimum but need not 
approach closer than d/2 to concentrated loads (where d is the effective depth of the section).  The 
increase factor for the shear perimeter does not use 0.3 or 0.6, but is based on the ACI requirement of half 
of the effective section depth. 

Conclusion to Action Item 5 

Justification of the use of an increase in the factor that defines the shear perimeter does not need to be 
addressed since the punching shear perimeter is based on ACI 349-01, Section 11.12.1.2, and the 0.3 or 
0.6 factors were not used in defining the punching shear perimeter from the automobile missile 
dimensions. 

 
Action Item 6: 
 
Address propagation of the impact load to the rest of the structure. 
 
Response to Action Item 6 
 
This response addresses the effects of the hurricane automobile missile impacts on the supporting walls 
and diaphragms.  The approach taken to evaluate these supporting walls and diaphragms is to take the 
maximum response of the wall and pass the forces into the supports.  The impact cases given in the 
response to Item 1 were checked along with an impact case for a direct strike over the support [ 
 
                                                  ].a,c   
 
The supports were treated with the primary response of these walls and/or diaphragm being compression.  
But since the diaphragms are designed in the out-of-plane direction as purely flexural members, the 
compression loads into these supports is limited to [ 
 
        ]a,c ensures that the strength of the wall or diaphragm is below the limit of the tension 



controlled region of the load-moment (P-M) diagram where the moment capacity starts to decrease as the 
axial load increases.  This is a reasonable simplification to preclude having to check the combination of 
compression with the out-of-plane bending capacities of the diaphragms. 
 
Because the supports do bend in flexure to transmit the reactions further into the structure, the flexural 
response was also investigated.  These supports were treated as slabs with in-plane bending with shear 
being the critical response.   
 
Methodology 

For one-way spanning walls the critical region of the support is taken as the length of the wall support 
obtained when the load [ 
                 ].a,c  This critical region is defined so as to compute the load intensity on the 
supporting diaphragm when the diaphragm is assumed as unyielding.  Two-way spanning walls are shown 
in Figure 4. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 – Reaction Distribution for One-Way Spanning Walls  
 
  

a,c 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4– Reaction Distribution for Two-Way Spanning Walls  
 
 

Similar to the centered impact scenarios, the reactions from these impact loads are [ 
                                                             ].a,c 
 
[  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                    ].a,c 
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Figure 5 – Reaction Distribution for Corner Impact  
 

a,c 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6 – Reaction Distribution for Edge Impact  

 
 
 
The in-plane shear capacity of diaphragms and walls are given in Section 21.6.5 of the ACI 349-01 code, 
which gives the shear capacity of any segment of the diaphragm or wall (outside of the openings) as  ׎ ௡ܸ = ௖௩ܣ߶ ቀߙ௖ඥ ௖݂ +  ௡ ௬݂ቁ .  With this equation the diaphragms and walls checked were the 
diaphragms at [ 
  
                                                                                                                 ].a,c  See Figure 7 for  
definition of areas in the Aux building. 
  

a,c 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 – Nuclear Island Key Plan 
  

a,c 



 
The walls with the impact at the center of the wall are either considered to be one-way spanning or two-
way spanning.  [  
 
 
 
 
 
 
      ].a,c 
 
[  
 
 
 
 
 
 
 
 
 
 
 
                         ].a,c 
 
For the two-way spanning walls the critical diaphragms checked were those at [  
 
 
 
                                                                    ].a,c 
 
The reaction near the corner and edges were observed to not be magnified significantly with DLFs closer 
to one.  So if the impact was considered to be directly on the diaphragm the reaction to the support would 
be equal to or close to 660 kips.  [  
 
                                                           ].a,c 
 
The critical walls checked were the walls along [            ]a,c for the center impact scenario, and  
[             ]a,c  for the corner scenario.   
 
The different support conditions considered as well as the different locations of impact envelope all 
plausible scenarios of hurricane impact from an automobile missile and the margins provided against 
failure are adequate. 

 
 

 
 

  



Table 7 – Margin Provided in Design 
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Figure 8 – Region in Area 5 
 
 
Conclusion to Action Item 6 

In conclusion, the automobile missile impact was evaluated for its effect on the supporting interior walls 
and floors, as well as for the automobile missile impact directly over the supporting elements. The 
supporting interior walls and floors are shown to be acceptable being within the ACI 349-01 acceptance 
criteria.  
 
Action Item 7:  Address all differences with TR-133 (Reference 6). 
 
Response to Action Item 7 
 
The horizontal hurricane automobile missile velocity at Turkey Point is greater than the horizontal 
automobile tornado missiles used in TR-133 (180 mph vs. 105 mph).  TR-133 considered the auxiliary 
building walls 30’ and higher above the ground elevation.  For the Turkey Point site, evaluations above the 
ground elevation up to 180’ of the auxiliary building were considered. The effective widths for the ductility 
calculations of the walls for Turkey Point site are consistent with TR-133.  The Turkey Point punching 

a,c 



shear calculation is based on ACI 349-01, Section 11.12.1.2 requirements, and the 0.3 factor is not used 
in defining the punching shear perimeter from the automobile missile dimensions.  
 
Conclusion to Action Item 7 

The Turkey Point site is evaluated with larger automobile missile velocities for the horizontal direction.  
The exterior auxiliary building walls above the ground elevation were evaluated.  The effective widths for 
the ductility calculations of the auxiliary building walls are consistent with TR 133.  The Turkey Point site 
punching shear calculations follow ACI 349-01. 
 
This response is PLANT SPECIFIC. 
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NRC RAI Letter No. PTN-RAI-LTR-064  Dated July 11, 2012 
SRP Section: 03.05.03 – Barrier Design Procedures 
Questions from Hydrologic Engineering Branch (RHEB) 

NRC RAI Number: 03.05.03-34 
This response is a follow-up to information previously submitted to the NRC in FPL letter L-2012-352, 
Response to NRC Request for Additional Information Letter No. 64 (eRAI 6544) Related to SRP Section 
03.05.03 – Barrier Design Procedures, dated September 19, 2012. 
 
FPL RESPONSE:  
The NRC staff review of the response to RAI 03.05.03-34 identified the need to review the details of the 
Westinghouse supporting calculations and summary report (References 1 and  2).  The supporting 
calculations were inspected by the NRC at the Westinghouse Rockville office.  Following that inspection, 
the NRC requested an audit of the calculations with Westinghouse and FPL present.  The NRC audit of 
the calculations supporting the missile impact analysis took place on February 6, 2013.  The NRC audit 
focused on the shear in the walls caused by the automobile impact.  Following the audit, action items were 
identified that need to be addressed.  
 
This supplemental response addresses each of the seven (7) action items resulting from the NRC audit. 
The seven (7) action items are: 
 

1. Demonstrate how the critical location(s) for punching shear were located and assessed;  
2. Demonstrate the use of ACI 318 in determining the critical sections; 
3. Address the consideration of punching shear and shear at supports as discussed in ACI 349-01 

Appendix C.5; 
4. Address the use of flat plate or slab analysis methodology;  
5. Provide a justification of the use of an increase in the factor that defines the shear perimeter (0.6 

instead of 0.3); 
6. Address propagation of the impact load to the rest of the structure; 
7. Address significant differences with TR-133 (APP-GW-GLR-133). 

 
FPL RESPONSE:  
Action Item 1:  Demonstrate how the critical location(s) for punching shear were located and assessed. 
 
Response to Action Item 1 
 
For the evaluation of punching shear, five critical walls of the Auxiliary Building are selected for evaluation.  
They are considered critical based on thickness, reinforcement, location, and span distance from the floor 
and wall supports associated with the critical wall slab being evaluated.  The wall segments and location 
are identified in Table 1.  All of these locations are associated with the Auxiliary Building.  All of these 
locations are potentially vulnerable to a postulated automobile hurricane missile.  The walls are of 
reinforced concrete design having a concrete compressive stress of 4,000 pounds per square inch (psi), 
and the reinforcement meeting ASTM 615, Grade 60 (yield stress of 60 kips per square inch [ksi]). 

Auxiliary Building walls adjacent to seismic category II buildings (Turbine Building First Bay and Annex 
Building area 1-3) are protected. These seismic category II buildings (designed to seismic category I 
standards) are robust reinforced concrete structures which are resistant to missile penetration and are 
designed to remain standing under a hurricane.  The Shield Building wall is thicker than the Auxiliary 
Building walls (3 feet versus 2 feet) and has more reinforcement.  Therefore, the Shield Building (analyzed 
to survive a beyond-design basis event of a large airplane impact) is shown to be adequate by 
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demonstrating that the Auxiliary Building structural integrity is maintained for the automobile hurricane 
missile.  An automobile missile generated within a half mile of the plant structures is considered to impact 
all elevations less than 30 feet above all grade levels, and therefore will not reach the elevation of the 
Passive Containment Cooling System (PCS) tank.  This impact height and distance criteria are provided in 
Regulatory Guide 1.221 (October 2011).   

Table 1 – Shear in Walls due to Automobile Missile Impact 

 
Wall ID 
Number 

Wall  Segment (1) Elevation 

1W Along wall 1 between walls N & I 135’ 3” to 180’ 0” 

2W Along wall N between walls 1 & 4  135’ 3” to 180’ 0” 

3W Along wall I between 1 & 4  153’ 0” to 180’ 0” 

4W Along wall Q between walls 9.1 & 11  117’ 6” to 153’ 0” 

5W Along wall 1 between  I & L2  100’ to 135’ 3” 
 

(1) Location of wall segment is shown in Westinghouse Design Control Document, Revision 19, Appendix 
3H.  See also Figure 7 of this report. 

 
On each of the wall segments the location of the automobile missile impact varies.  Beam action (one-way 
action) and punching shear (two-way action) are evaluated on each wall panel at three different locations: 
interior, edge and corner.  The evaluation of these three locations is based on punching shear provisions 
from ACI 318-11 section 11.11.2 and ACI 349-01 section 11.12.2.  ACI 349-01 section 11.12.1 states the 
shear strength of slabs in the vicinity of concentrated loads is governed by the more severe of two 
conditions, beam action or two-way action. 
 
One-Way Beam Action Allowable Shear Stress 

Beam action is considered in two directions extending in-plane across the entire width per ACI 349-01 
section 11.12.1.1.  Per ACI 349-01 code requirements (Sections 11.1 and 11.3): 
 

                       (11-1) 
Vn = Vc + Vs             (11-2) 

dbfV wcc
'2                (11-3)     or       

(
u

u
wc
M
dVf 25009.1 ' ) dbw   and less than dbf wc

'5.3      (11-5) 

Where: 
Vu = factored shear force at section 
Vn = nominal shear strength 
Vc = nominal shear strength provided by concrete 
Vs = nominal shear strength provided by shear reinforcement – considered zero 
 
  = 0.85                  (9.3.2) 
 
DIF= 1.10 for reinforcing steel with fy = 60 ksi    (C.2.1) 
DIF = Material dynamic increase factor 

un VV

cV
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Allowable Shear        Vc = 0.85(2) 4000)1.1( d      klf 

 
Two-Way Action Punching Shear Allowable 

ACI 349-01 Section 11.12.1.2 states the critical sections shall be located so that its perimeter is a 
minimum but need not approach closer than d/2 to concentrated loads (where d is the effective depth of 
the section).  

Shear allowable for two-way action specified in Section 11.12.2 is the smallest of the three equations 
below.   
 

Vc shall be the smallest of: 

(a) cV (
c

42 ) dbfc 0
'            (11-35) 

Where c  is the ratio of long side to short side of the 
column, concentrated load or reaction area; 
 

(b) cV ( 2
0b
ds ) dbfc 0

'         (11-36)    

Where s is 40 for interior columns, 30 for edge 
columns, 20 for corner columns; and  
 

(c) dbfV cc 0
'4                        (11-37) 

 
A dynamic increase factor (DIF) of 1.1 and a strength reduction factor of  equal to 0.85 are used.  The 
term s, equal to 40 for interior columns, is used in equation 11-36.  Values of s equal to 30 and 20 are 
not used since they apply to edge and corner columns.  In these cases (edge and corner columns), the 
equations above are based on a column located on a portion of the slab with one or two sides of the slab 
unsupported, and consequently only has shear resistance along three or two sides of the concentrated 
load, respectively.  In the case of the AP1000®1 Auxiliary Building walls, shear resistance is along all four 
sides of the automobile missile.  The Auxiliary Building walls are continuous and lateral forces are 
transferred to the rest of the building via floors, interior and exterior walls, and roof.  As shown in Table 2, 
equation 11-37 has the smallest shear allowable.  The allowables include the 1.1 dynamic increase factor 
(DIF). 

 
Table 2 – Punching Shear Allowable (klf) 

Wall ID 11-35 11-36 11-37 
1W 80.37 76.47 65.20 
2W 67.65 60.59 55.32 
3W 70.08 63.55 57.21 
4W 70.15 63.63 57.27 
5W 80.37 76.47 65.20 

                                                      
1 AP1000 is a trademark or registered trademark of Westinghouse Electric Company LLC, its affiliates and/or its subsidiaries in 
the United States of America and may be registered in other countries throughout the world. All rights reserved. Unauthorized use 
is strictly prohibited. Other names may be trademarks of their respective owners. 

a,c 
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Allowable Shear       dVc )4000(1.1)4(85.0    klf 
 

Shear Calculations for Interior Impact 

Interior Impact - One-Way Action   

Shear calculations for the missile striking the center of wall panels are summarized and addressed here 
considering one-way action.  For the assessment of one-way action both the wind (Vwind) and automobile 
missile (Vmissile) are considered.  Vmissile is the shear force due to the maximum automobile missile impact 
load (660 kip), multiplied by the applicable dynamic load factor (see Table 3) associated with its impact 
forcing function (see Figure 2). Vwind is based on the sum of internal and external pressures due to wind.  
The values of Vwind and Vmissile are divided by the entire span in both directions for each wall per Section 
11.12.1.1 in ACI 349-01.  Walls 1W, 3W and 5W have [ductility factors higher than 1.0, and have therefore 
experienced yielding under the maximum load Rm].a,c  Vu is calculated as: 
 
  [Vu = Rm / (2L or 2W)]a,c 
 
For walls 2W and 4W, where [ductility factors are below 1.0, the resistance experienced is stiffness 
multiplied by deflection].a,c  Wind load is added as shown in the calculation of Vu as shown in the equation 
below:   
 
  [ )( missilewindu VVV /(2L or 2W)]a,c 
 
Table 3 shows that the one-way beam shears are all below the ACI Code allowables. 
 

  



Westinghouse Proprietary Class 2 
 

TPG-GW-GLR-002  Page 7 of 21 Rev. 1 
 

Table 3 – Beam Action Reactions 

Wall 
ID 

Dynamic 
Load 

Factor 
(DLF) 

Beam 
Shear 

Vu 

Allowables(2) 
 Vc 

klf klf 

1W (1) 0.97 9.64 31.08 

2W 1.35 18.26 27.66 

3W 1.20 16.63 28.61 

4W 1.56 20.32 28.63 

5W 1.25 13.93 32.60 

 
1. Dynamic increase factor of 1.1 not considered in the allowable since DLF is below 1.2 per 

Regulatory Guide 1.142. 
2. One-Way Beam Action Allowable Shear Stress, Vc = 0.85(2) 4000)1.1( d 

  
Interior Impact - Two-Way Action 

The punching shear is determined considering wind and automobile missile impact with the dynamic load 
factor.  The shear area is defined by the perimeter of the critical section bo, defined by the distance d/2 
from the automobile missile impact zone having the dimension of 6.6’ by 4.3’, multiplied by the effective 
depth d.  

In Table 4 are the punching shears at the critical perimeter for the five walls.  As seen they are all below 
the ACI allowables.  

  

Table 4 – Punching Shear Reactions 

Wall 
ID 

Dynamic 
Load 

Factor 
(DLF) 

Punching 
Shear 

Vu 

ACI 
Allowable 

Vc
 (1) 

 klf klf 
1W 0.97 21.92 62.16 
2W 1.35 31.58 55.32 
3W 1.20 27.90 57.21 
4W 1.56 36.13 57.27 
5W 1.25 28.11 65.20 

 
1. Allowables (Table 2, Formula 11-37) have been adjusted removing the DIF of 1.1 where DLF is below 1.2 (Wall 1W). 

 
 

  

ob

a,c 

a,c 
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Shear Calculations for Edge and Corner Impact 

Edge and corner effects are studied with dynamic analysis using the finite element code ABAQUS and the 
AP1000 NI05 model.  The model is finely meshed in the areas associated with the automobile impact.  
 
Five exterior Auxiliary Building walls were considered as the impacted walls.  On each wall, Case 1 is 
referred to as the impact area close to the edge of the floor/roof and the wall to study the corner effect.  
Case 2 is referred to as the impact area close to the floor/roof along the middle edge of the wall to study 
the edge effect.  The impact locations on each wall are shown in Figure 1.  
 

 

 
 

Figure 1 - Schematic of Impact Locations on Auxiliary Building Exterior Walls 
 
 
 

For each impact case, a time history dynamic analysis using the automobile missile impact forcing 
function is performed.  The forcing function for the automobile missile is defined in Reference 3.  The 
forcing function associated with the impact of the automobile missile onto the structure is defined as a 
quarter sine wave (see Figure 2). The basis of this formulation is that the automobile missile is considered 
as a deformable missile and the structure as a rigid target.  This formulation is given below: 
 

F(t) = 0.625 Vc W Sin (20t)     0< t < 0.0785 sec 

F(t) = 0       t > 0.0785 sec 

Where 

Vc = impact velocity during impact (fps) 
Vc = 264 fps for horizontal impact based on the horizontal velocity of 180 mph 
W = weight of automobile missile = 4000 lbs 
F(t) = 660 Sin (20t), kips for horizontal impact 
 

The plot of this forcing function considering horizontal impact is shown in Figure 1.  The frontal impact 
area is 6.6 feet x 4.3 feet as per Regulatory Guide 1.221, Revision 0, October 2011. 

 

a,c 
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Figure 2 – Automobile Horizontal Hurricane Impact Force 
 

A Dynamic Load Factor (DLF) was calculated to determine if the dynamic increase factor of 1.1 can be 
used in the calculation of the allowable stress (1.1 can be used if DLF > 1.2).  [The (DLF) was calculated 
from the ratio of the peak displacement calculated with the time history dynamic analysis versus the 
displacement calculated with the static analysis].a,c  Table 5 summarizes DLFs of each wall impacted at the 
different locations as shown in Figure 1.   

 
Table 5 – DLFs of Critical Exterior Walls 

Wall ID Wall Segment Elevation Corner Case Edge Case 
1W Wall 1 Between Walls N&I 135’3” to 180’ 1.128 1.274 
2W Wall N Between Walls 1&4 135’3” to 180’ 1.141 1.4 
3W Wall I Between Walls 1&4 153’ to 180’ 1.139 1.135 

4W (1) Wall Q Between Walls 9.1&11 100’ to 117’6” 1.056 1.061 
5W (2) Wall 1 Between Walls N&K2 100’ to 135’3” 1.036 1.021 
 

1. Elevation of Wall Q is different than given for 4W in Table 1. This lower elevation is added to study edge and 
corner effects. The higher elevation of Wall Q considered is not included here since similar configurations of 
impact are considered for other walls.  

2. The portion of Wall 1 (Wall ID 5W) analyzed here is from N to K2 and not from L2 to I. This smaller portion 
was chosen since it is stiffer, and may have larger corner and edge effects than others. The portion from L2 
to I is similar to other walls evaluated and therefore not considered here. 

 
 
Edge and Corner Impacts - One-Way Action 

Similar to interior impact, one-way shear does not govern in edge and corner impacts.  For two-way 

action, the out-of-plane shear is within an allowable of dfV cc
'4 , over a length of 6.6’+ d directly 

above the impact.  In the case of one-way shear, the allowable is   over the entire span.  
[Since the entire span length is much more than two times the length of 6.6’ + d, two-way action will 
govern].a,c 
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Edge and Corner Impacts - Two-Way Action 

The peak out-of-plane shear member forces evaluated by [time history dynamic analysis]a,c for each 
impact case are given in Table 6.  SF4 is out-of-plane shear along the vertical sides of the element and 
SF5 is out-of-plane shear along the horizontal sides of the element. The out-of-plane shear created by the 
hurricane automobile missile is evaluated using allowable stresses in accordance with ACI 349-01 that are 
shown in Table 4.  However, it is noted that they are reduced [to reflect the removal of the DIF of 1.1 since 
the DLF is below 1.2].a,c  As shown in Table 6, [Impact Case 2 (edge case SF5) of Wall Q has the 
maximum peak out-of-plane shear at the edge of the impact area of the automobile missile equal to 51.42 
kips/ft].a,c  For Impact Case 1 [(corner case SF5), the peak value is equal to 44.65 kips/ft for SF5].a,c  As 
seen from Table 6, all of the shear member forces are below the allowable. 

 
Table 6 – Edge and Corner Impact Peak Out-of-Plane Shear Member Forces 

 
 

Wall 
ID 

Wall Segment Elevation 

Corner Case Edge Case 

Allowable(1) 
(kips/ft) SF4 

(kips/ft) 
SF5 

(kips/ft) 
SF4 

(kips/ft) 
SF5 

(kips/ft) 

1W Wall 1 Between Walls N&I 135’3” to 180’ 38.97 36.58 46.7 25.99 62.16 
2W Wall N Between Walls 1&4 135’3” to 180’ 40.68 39.27 25.03 44.47 52.74 
3W Wall I Between Walls 1&4 153’ to 180’ 39.62 39.1 24.83 42.8 54.55 

4W(2) Wall Q Between Walls 
9.1&11 100’ to 117’6” 35.39 44.65 23.72 51.42 54.69 

5W(3) Wall 1 Between Walls N&K2 100’ to 135’3” 36.18 26.34 41.66 35.32 62.16 
 

1. Allowables (Table 1) have been adjusted removing the DIF of 1.1 since for the edge and corner cases the 
DLFs are below 1.2. 

2. Elevation of Wall Q is different than given for 4W in Table 1. This lower elevation is added to study edge and 
corner effects. The heigher elevation of Wall Q considered is not included here since similar configurations of 
impact are considered for other walls.  

3. The portion of Wall 1 (Wall ID 5W) analyzed here is from N to K2 and not from L2 to I. This smaller portion 
was chosen since it is stiffer, and may have larger corner and edge effects than others. The portion from L2 
to I is similar to other walls evaluated and therefore not considered here.  

 
Conclusion to Action Item 1 
 
In conclusion, the automobile missile impact was evaluated for critical external walls of the Auxiliary 
Building that would potentially be subjected to hurricane automobile missiles.  These critical walls are 
representative of the walls of the Auxiliary Building on the exterior boundary.  Impacts were evaluated at 
mid span, edges and corners consistent with the ACI Code.  Following ACI requirements, the punching 
shear is evaluated at three locations:  (1) interior portion of an exterior wall that is away from the edge and 
corner; (2) at the edge location associated with a supporting wall or floor; and (3) at the corner defined by 
a wall and floor that support the wall segment.  With consideration of one-way and two-way action, the 
shear stress was found to be within the ACI 349-01 shear allowables. 
 
Action Item 2:  Demonstrate the use of ACI 318 in determining the critical sections. 
 
Response to Action Item 2 
 
In Section 11.11 of ACI 318 provisions for slabs (applicable to walls being evaluated) are given.  In this 
section  of the code it is stated that the shear strength in the vicinity of concentrated loads (e.g., 
automobile missile impact) is governed by the more severe of two conditions: 
 

a,c 
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1. Beam action (one-way action) where each critical section evaluated extends in a plane across the 
entire width. 

2. For two-way action, each critical section investigated shall be located so that its perimeter bo is a 
minimum but need not approach closer than d/2 to: 

a. Edges or corners of columns (considered wall boundaries), concentrated loads; 
b. Changes in slab thickness such as edges of capitals, drop panels, or shear caps (does not 

apply). 
 
Also addressed are edge and corner cases having the concentrated load located on a portion of the slab 
with one or two sides of the slab unsupported, and consequently only has shear resistance along two or 
three sides of the concentrated load.  These cases do not apply since the walls being evaluated are 
supported on four sides. 
 
The ACI 318 requirements related to the critical sections are the same as those given in ACI 349-01. 
 
Conclusion to Action Item 2 
 
Two conditions are considered that define the most severe case:  (1) beam action; and (2) two-way action.  
The critical locations to be evaluated on the impacted wall are in the interior, edge, and corner of the wall 
boundary.  Following the requirements given in ACI 318 in determining and evaluating the critical sections 
for the shear resulting from the automobile missile impact will result in the same requirements given in ACI 
349-01.   
 
Action Item 3:  Address the consideration of punching shear and shear at supports as discussed in ACI 
349-01 Appendix C.5. 
 
Response to Action Item 3 
 
ACI 349-01 Appendix C provides special provisions for impactive and impulsive effects.  Section C.5 
addresses shear strength.  Both one-way beam action and two-way punching shear are recognized.  
Provisions also apply for reaction shear at supported edges of walls.  For the impactive or impulsive load a 
dynamic increase factors (DIF) of Section C.2 should be applied to the shear strength equations given in 
Sections 11.1 to 11.5, and for the punching shear strength of walls as defined in accordance with Section 
11.12.  Also, the shear strength equations should be reduced by the appropriate  factor (0.85 per Section 
9.3 for shear).   
 
A dynamic increase factor of 1.1 (per Section C.2 for reinforcing steel having a yield stress of 60 ksi) is not 
considered in the allowable stress if the dynamic load factor is below 1.2 per Regulatory Guide 1.142. 
 
Conclusion to Action Item 3 
 
The provisions for impulsive and impactive effects for shear allowables given in Section C.5 are used in 
this evaluation.  The use of the dynamic increase factor (DIF) is applied to the allowable shear equations 
as defined for one-way beam action and two-way punching shear unless the dynamic load factor is below 
1.2. 
 
Action Item 4:  Address the use of flat plate or slab analysis methodology. 
 
Response to Action Item 4 
 
This methodology refers to the use of standard handbook flat plate formulas.  These formulas were not 
used since finite element analyses are performed.  The effects of impact on edge and corner panel 
locations are determined by finite element analysis with the ABAQUS program.   
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Conclusion to Action Item 4 
 
In conclusion, the standard handbook flat plate formulas were not used in this evaluation since finite 
element analysis is used. 
 
Action Item 5:  Provide a justification of the use of an increase in the factor that defines the shear 
perimeter (0.6 instead of 0.3, where the perimeter is extended 0.6 times missile dimensions from the face 
of the missile).  The factors of 0.3 and 0.6 are based on Reference 7.  Instead of the span length the 
dimension of the impacting automobile area (6.6’ x 4.3’) was used to establish the shear perimeter.  The 
0.3 factor is the minimum and 0.6 is the maximum. 
 
Response to Action Item 5 
 
Item 5 applies to two-way action punching shear.  ACI 349-01 requirements of extending the shear 
perimeter about the automobile missile impact zone (6.6’ x 4.3’) is used.  Specifically, ACI 349-01 Section 
11.12.1.2 states the critical sections shall be located so that its perimeter is a minimum but need not 
approach closer than d/2 to concentrated loads (where d is the effective depth of the section).  The 
increase factor for the shear perimeter does not use 0.3 or 0.6, but is based on the ACI requirement of half 
of the effective section depth. 

Conclusion to Action Item 5 

Justification of the use of an increase in the factor that defines the shear perimeter does not need to be 
addressed since the punching shear perimeter is based on ACI 349-01, Section 11.12.1.2, and the 0.3 or 
0.6 factors were not used in defining the punching shear perimeter from the automobile missile 
dimensions. 

 
Action Item 6: 
 
Address propagation of the impact load to the rest of the structure. 
 
Response to Action Item 6 
 
This response addresses the effects of the hurricane automobile missile impacts on the supporting walls 
and diaphragms.  The approach taken to evaluate these supporting walls and diaphragms is to take the 
maximum response of the wall and pass the forces into the supports.  The impact cases given in the 
response to Item 1 were checked along with an impact case for a direct strike over the support [with the 
narrowest margin from impact scenarios 1W thru 5W-Corner and 5W-Edge.  The resulting impact case is 
the impact directly over the opening in the diaphragm at elevation 135’ 3”].a,c   
 
The supports were treated with the primary response of these walls and/or diaphragm being compression.  
But since the diaphragms are designed in the out-of-plane direction as purely flexural members, the 
compression loads into these supports is limited to [no greater than the compression corresponding to the 
70% of balance point.  Using 70% of balance point axial load]a,c ensures that the strength of the wall or 
diaphragm is below the limit of the tension controlled region of the load-moment (P-M) diagram where the 
moment capacity starts to decrease as the axial load increases.  This is a reasonable simplification to 
preclude having to check the combination of compression with the out-of-plane bending capacities of the 
diaphragms. 
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Because the supports do bend in flexure to transmit the reactions further into the structure, the flexural 
response was also investigated.  These supports were treated as slabs with in-plane bending with shear 
being the critical response.   
 
Methodology 

For one-way spanning walls the critical region of the support is taken as the length of the wall support 
obtained when the load [is allowed to fan out to the support at a slope of 1:1 as shown in Figure 3].a,c  This 
critical region is defined so as to compute the load intensity on the supporting diaphragm when the 
diaphragm is assumed as unyielding.  Two-way spanning walls are shown in Figure 4. 
 

 
 

Figure 3 – Reaction Distribution for One-Way Spanning Walls  
 
  

a,c 
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Figure 4– Reaction Distribution for Two-Way Spanning Walls  
 
 

Similar to the centered impact scenarios, the reactions from these impact loads are [averaged over the 
support as shown in Figure 5].a,c 
 
[The parabolic distributions of the reactions in Figures 5 and 6 were obtained directly from the Navier’s 
plate equations in Timoshenko (Reference 5).  But it is overly conservative to design the support for the 
peak of the parabolic distribution.  Therefore an average support reaction is obtained for all the impact 
scenarios.  For the two-way spanning walls with center impact scenarios, the Navier’s equations give a 
parabolic distribution over the entire edge perimeter.  To convert to a uniform distribution that is 
meaningful, the uniform distribution of an edge subjected to impulse from Reference 4 was used.  For the 
edge and corner cases, Navier’s plate equations show that only about one-third of edge perimeter is 
actually supporting the impact since it is so close to one edge.  To get the average, the area under the 
parabola was set equal to the area for a uniform rectangular loading with the peak intensity equal to two-
third of the parabola. This 2/3 factor was obtained from setting the area under a perfect parabola to a 
rectangle with variable height but the same base.  The height of that rectangle would 2/3 of the peak of the 
parabola.  But since Navier’s plate equation yields a parabola with a long decay (i.e. a long near zero tail), 
the area under the Navier’s parabola  was set to a rectangle with the base as a variable but the height set 
to 2/3 of  the peak of the Navier’s parabola.  The base computed in this manner is the we or le shown in 
Fig. 5 and 6 respectively].a,c 
  

a,c 



Westinghouse Proprietary Class 2 
 

TPG-GW-GLR-002  Page 15 of 21 Rev. 1 
 

 
 

 

Figure 5 – Reaction Distribution for Corner Impact  
 

a,c 
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Figure 6 – Reaction Distribution for Edge Impact  
 

 
 
The in-plane shear capacity of diaphragms and walls are given in Section 21.6.5 of the ACI 349-01 code, 
which gives the shear capacity of any segment of the diaphragm or wall (outside of the openings) as  ׎ ௡ܸ = ௖௩ܣ߶ ቀߙ௖ඥ ௖݂ +  ௡ ௬݂ቁ .  With this equation the diaphragms and walls checked were the 
diaphragms at [Elevation 153 ft, Areas 5 and 6; Elevation 117 ft 6 in, Areas 1 and 2; Elevation 135 ft 3 
inches Areas 5 and 6 with the fuel handling access hatch opening considered; the walls along grid line 11; 
and the wall along grid line L-3].a,c  See Figure 7 for definition of areas in the Aux building. 
  

a,c 
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Figure 7 – Nuclear Island Key Plan 
  

a,c 
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The walls with the impact at the center of the wall are either considered to be one-way spanning or two-
way spanning.  [Impact scenarios 1W, 3W and 5W were considered as one-way spanning with the 
supports being the diaphragms.  Impact scenarios 2W and 4W were considered two-way spanning with 
the supports being the walls and diaphragms.  The critical diaphragm is the slab at elevation 153’ for the 
one-way spanning wall impact scenarios, because it received a high shear reaction and the slab depth is 
only 18.5 ft.  This diaphragm support corresponds to impact 3W.  To conservatively envelope impact 
scenarios 1W, 3W and 5W, the diaphragm capacity for 3W was checked against the highest shear from 
scenario 5W].a,c 
 
[The margin of interest is the margin provided against the shear limit because of large margins in 
compression capacities (See Table 7).  The exception to this is Area 5 at the edge of the opening (see 
Figure 8). The compression in this region is obtained assuming the impact is centered at this edge and 
that the compression over the edge of the opening is transferred back to this edge as a reaction.  The 
compression intensity at this edge is 152.4 k/ft.  This is still less than the 156.41 k/ft capacity but greater 
than the 0.7Pb limit initially set.  The true margin, however, is obtained by considering the moment 
capacities concurrent with compression.  The diaphragms are designed for a moment capacity of 49 k-ft/ft 
assuming that Pu is equal to zero kips.  However, the value of Pu is now equal to 152.4 k/ft compression, 
and the concurrent moment capacity is 79 k-ft/ft.  This means the moment capacity margin is (1- [49 /79 
k]), or 38%.   The smallest margin (shear) provided in the current design to the load expected from the one 
way spanning impact analysis is 77.5%.  This means the impact only uses 22.5% of current design 
capacity].a,c 
 
For the two-way spanning walls the critical diaphragms checked were those at [elevation 117' 6" in areas 
1 & 2 for the center impact.  At elevation 135' 3" areas in 5 & 6, the edge impact condition was checked 
because openings were considered in the check of that diaphragm.  The margin provided in the current 
modified design to the load expected from the impact is 30.8% if the impact was directly across the 
opening].a,c 
 
The reaction near the corner and edges were observed to not be magnified significantly with DLFs closer 
to one.  So if the impact was considered to be directly on the diaphragm the reaction to the support would 
be equal to or close to 660 kips.  [From Table 7 the maximum shear is 385.7 kips and compared to the 
capacity of 474.1 kips yields a margin provided in the diaphragm with the opening of 18.6%].a,c 
 
The critical walls checked were the walls along [Wall 11]a,c for the center impact scenario, and [Wall L-3]a,c  
for the corner scenario.   
 
The different support conditions considered as well as the different locations of impact envelope all 
plausible scenarios of hurricane impact from an automobile missile and the margins provided against 
failure are adequate. 

 
 

 
 

  



Westinghouse Proprietary Class 2 
 

TPG-GW-GLR-002  Page 19 of 21 Rev. 1 
 

Table 7 – Margin Provided in Design 
 

Critical Diaphragm or  
Wall Checked Compression Check Shear Check 
  Load Capacity Margin Load Capacity Margin 
Diaphragm at Elev. 153', 
Areas 5 & 6 
 no openings (5) 18.2 k/ft 

109 k/ft 
83.3% 245.5K 

1089.2K 
77.5% 

Diaphragm at Elev. 117' 
6", Areas 1 & 2 (6) 16.8 k/ft 84.6% 322K 70.4% 

Wall 11 (7) NA (4) NA (4) NA (4) 440.3K 12173.8K 96.4% 

Diaphragm at Elev. 135' 
3" Areas 5 & 6 
Openings considered 

152.4k/ft 156.4k/ft (11) 38% (3) 

324.2K (8) 474.1K (2) 31.6% 

451K (9) 1553.4K 70.9% 

385.7K (1),(10) 474.1K (2) 18.6% 

Wall L-3 31.2k/ft 83.22 k/ft 62.5% 31.2.1k/ft 65.38 k/ft 52.3% 
 

1. This load is for a direct automobile missile impact at the diaphragm in Area 5 right centered at the opening. 
2. Capacity is based on detailing modifications to  correct constructability issues incorporated as part of design finalization 

into the Standard Design for AP1000 at 5W edge at Elevation 135’ 3”. This does not impact the licensing basis. 
3. This is the moment margin as discussed in the text to Item 6 response. 
4. NA means not available.  These conditions were not explicitly analyzed because they are deemed enveloped by the 

compression check for the diaphragm at elevation 153 ft. 
5.  One way spanning walls with center impact (1W, 3W & 5W). 
6.  Two way spanning walls with center impact (2W &4W). 
7.  Two way spanning walls with center impact (4W). 
8. Two way spanning walls with edge or corner impact (5W), Area 5. 
9. Area 6. 
10. Area 5 with Direct Impact at Diaphragm. 
11.  This is the compression at balance point not 0.7Pb. 

 

a,c 
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Figure 8 – Region in Area 5 
 
 
Conclusion to Action Item 6 

In conclusion, the automobile missile impact was evaluated for its effect on the supporting interior walls 
and floors, as well as for the automobile missile impact directly over the supporting elements. The 
supporting interior walls and floors are shown to be acceptable being within the ACI 349-01 acceptance 
criteria.  
 
Action Item 7:  Address all differences with TR-133 (Reference 6). 

Response to Action Item 7 

The horizontal hurricane automobile missile velocity at Turkey Point is greater than the horizontal 
automobile tornado missiles used in TR-133 (180 mph vs. 105 mph).  TR-133 considered the auxiliary 
building walls 30’ and higher above the ground elevation.  For the Turkey Point site, evaluations above the 
ground elevation up to 180’ of the auxiliary building were considered. The effective widths for the ductility 
calculations of the walls for Turkey Point site are consistent with TR-133.  The Turkey Point punching 

a,c 
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shear calculation is based on ACI 349-01, Section 11.12.1.2 requirements, and the 0.3 factor is not used 
in defining the punching shear perimeter from the automobile missile dimensions.  
 
Conclusion to Action Item 7 

The Turkey Point site is evaluated with larger automobile missile velocities for the horizontal direction.  
The exterior auxiliary building walls above the ground elevation were evaluated.  The effective widths for 
the ductility calculations of the auxiliary building walls are consistent with TR 133.  The Turkey Point site 
punching shear calculations follow ACI 349-01. 
 
This response is PLANT SPECIFIC. 
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FSAR Subsection 3.5.2, fourth bullet will be replaced with the text given below in a future 
COLA revision.

For the 4000-pound automobile missile, the Turkey Point site-specific, 
hurricane-generated missile horizontal velocity is 180 mph. Therefore, for 
the hurricane-generated automobile horizontal missile, an evaluation was 
performed to determine whether the nuclear island exterior walls are 
adequate to withstand the effect of the automobile impact. Reference 201 
provides the evaluation of the tornado-generated automobile missile and 
Reference 202 provides the evaluation of the hurricane-generated 
automobile impact on the nuclear island. The horizontal hurricane-
generated automobile missile velocity at Turkey Point is greater than the 
horizontal tornado-generated automobile missiles used in Reference 201 
(180 mph vs. 105 mph). Reference 201 considered the auxiliary building 
walls 30’ and higher above the grade elevation. For the Turkey Point site, 
evaluations above the grade elevation up to 180’ of the auxiliary building 
were considered. The effective widths for the ductility calculations of the 
walls for Turkey Point site are consistent with Reference 201. The Turkey 
Point punching shear calculation is based on ACI 349-01, Section 11.12.1.2 
requirements.  The evaluation determined that the maximum shear stress 
on the walls is 51.42 k/ft (Reference 202) which is below the allowable 
stress of 54.69 k/ft (Reference 202) and the maximum ductility factor of 1.10 
is well below the allowable limit of 10. Thus it was concluded that the 
nuclear island is adequately protected against the hurricane generated 
automobile missile impact.

In summary, the following is concluded for the hurricane missile 
evaluations for the site:

o All of the external missile velocities for the hurricane are enveloped by 
the tornado missiles except for those generated by horizontal hurricane 
wind. The comparison of the RG 1.221, Revision 0 hurricane missile 
velocities to those for the tornado missiles given in AP1000 DCD Tier 1, 
Table 5.0-1 show that the automobile hurricane missile, the Schedule 40 
pipe (6.625 inch diameter) hurricane missile, and the one inch solid 
sphere hurricane missile have a greater velocity than that shown in 
DCD Table 5.0-1. 

o The postulated hurricane missiles for horizontal impact above grade on 
the nuclear island were evaluated for the increased hurricane wind 
speed in those cases where the hurricane wind speed exceeds the 
tornado wind speed.  It was determined that the AP1000 nuclear island 
structural integrity is maintained for the higher hurricane external 
missiles. 
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o Automobile impact was found to be the bounding scenario and was 
evaluated in dynamic analyses of impact on representative external 
walls of the auxiliary building. The representative exterior walls were 
selected to evaluate impacts at mid span, edges and corners.  Both 
flexure and shear were evaluated and shown to be within the ACI 349-01
acceptance criteria. Reactions on the supporting interior walls and 
floors were also evaluated.  The results of the analyses of the walls, and 
for impact directly over these supporting elements, were found to be 
acceptable. 

FSAR Subsection 3.5.5, References, will be added to the FSAR in a future COLA 
revision.

3.5.5 References:

1. 201. APP-GW-GLR-133, “Summary of Automobile Tornado Missile 30’ 
above Grade,” Revision 1

2. 202. TPG-GW-GLR-001, “Supplement to RAI-6544” (Non-Proprietary), 
Revision 0

Revise FSAR Subsection 3.5.2, second bullet, second sentence to:
…missile velocity, the concrete perforation or and scabbing is
calculated…

Revise FSAR Subsection 3.5.2, third bullet, second sentence to:
…concrete perforation or and scabbing is calculated…


