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03.08.03-1 

3.8.3-1 
  
In DCD Subsection 3.8.3.4.1 (Page 3.8-39), equations are given in the paragraph to 
calculate the equivalent elastic stiffnesses of the SC modules. They are: 

·   Axial and Shear Stiffnesses of SC Modules: 
 ΣEA = EcAc + EsAs, ΣGA = GcAc + GsAs 
·   Bending Stiffness of SC Modules: 
 ΣEI = EcIc + EsIs 
 

The applicant is requested to provide the following information: 
 
These equations ignore the effect of concrete shrinkage and creep and assume 
that concrete is not cracked. In ACI 318-63 Section 1102, an effective modular 
ratio of 2n, where n=Es/Ec, is specified for transforming the compression 
reinforcement and computing its stress to account for the effect of concrete 
shrinkage and creep. SRP Acceptance Criteria 4.D of SRP 3.8.1 (Page 3.8.1-13 
of SRP 3.8.1 Revision 2, March 2007) states that concrete cracking needs to be 
considered.  Provide the technical justifications for not following these 
recommendations. 
 

When the SC Module is subjected to compression, describe how the effect of creep, 
shrinkage, and cracking of concrete was considered in the SC member stiffness 
calculation, and provide the equations for the calculation.  
  

 
 
03.08.03-2 

3.8.3-2 
  
In DCD Subsection 3.8.3.1.1, the paragraph (Page 3.8-31) states “The supports are 
formed by sliding surfaces between the shim plates and support pads to allow radial 
thermal growth of the RCS and RV.  The vessel position is maintained unchanged by 
controlling the horizontal load through the support brackets and the base plate.” 
 
The applicant is requested to provide the following information: 
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(a) Do the sliding support pads use non-metallic materials such as Teflon, Neoprene 
or graphite?  If so, provide information on the temperature and radiation effect on 
these materials, including any aging effects. 

(b) Describe how the control of the horizontal load through the support brackets and 
the base plate is accomplished such that the vessel position is unchanged while 
allowing radial thermal growth. 

(c) How is the RV modeled in the seismic analysis?  Was the rocking mode of 
vibration of the RV included in the model?  

 
 
 
03.08.03-3 

3.8.3-3 
  
In DCD Subsection 3.8.3.1.2, the third paragraph (Page 3.8-31) states “The upper and 
lower ends of the columns are pin-jointed to permit movement of the SGs caused by 
thermal expansion of piping. Figure 3.8.3-2 depicts the SG support system.”  
 
The applicant is requested to provide the following information: 
 
(a) Provide the rationale for selecting the number and location of the lateral supports for 

the steam generators. 
(b) Use of a pin-joint allows free rotation but does not allow displacement to take place.  

Provide information that shows clearly how the pin-joints permit movement of the SG 
caused by thermal expansion of piping that is attached to the SG. 

 
  

 
 
03.08.03-4 

3.8.3-4 
  
In Sheet 2 of 5 of DCD Figure 3.8.3-7 (Page 3.8-185), the elevation of 9’-2” marked on 
the structure is lower than the mark on the structure for the elevation of 3’-7”.  
 
The applicant is requested to provide clarification, or correct this apparent error. 

 
 
03.08.03-5 

3.8.3-5 
  
Extensive use is made in the US-APWR of modular structural construction.  It is stated 
that this is done to shorten field construction time and to gain improved quality control of 
the wall sections through controlled shop fabrication. In particular, extensive use is made 
of steel concrete structural modules (named as “SC Modules”) for Seismic Category I 
Structures, as specified for example in: DCD Section 3.8.3.1.5, Primary Shield Wall; 
DCD Section 3.8.3.1.6, Secondary Shield Walls; DCD Section 3.8.3.1.7, Refueling 
Cavity; and DCD Section 3.8.3.1.9, Interior Compartments. 
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In DCD Section 3.8.3.1.5, these steel concrete modules are described as formed using 
permanently placed carbon steel faceplates and web-plates with a nominal thickness of 
½ in. The faceplates, connected by tie-bars fabricated from solid carbon steel round 
bars, or by carbon steel web-plates, also function as formwork for concrete placed in the 
interior.  As stated in DCD Section 3.8.3.4 (p. 3.8-38) these carbon steel faceplates also 
act as the primary tensile and compressive steel reinforcement for the concrete wall.  
The use of regular steel reinforcing bars in the interior of the wall is minimal. In the fourth 
paragraph on p. 3.8-38, it states that “The SC module forms a composite section once 
the concrete has reached sufficient strength, consisting of steel faceplates that carry in-
plane tension or compression from axial loads and out-of-plane bending.  Structural 
behavior of composite sections used as SC modules inside containment is, therefore, 
similar to conventional concrete reinforced by steel.”   Several references are cited in the 
DCD for tests performed in the U.S. and Japan on the structural behavior of these SC 
modules.  It is stated that these tests show the SC modules have improved ductility, 
higher strength, and have less decrease in stiffness as compared to the more 
conventional reinforced concrete walls. 
 
There is, however, one major difference between the SC modules and conventional 
reinforced concrete walls. In using this type of construction it is noted that the two steel 
faceplates, which act as the reinforcing for the concrete wall, are exposed to the 
surrounding atmosphere.  For the more conventional construction which uses steel 
reinforcing bars, national building codes such as ACI 318 and ACI 349 require minimum 
values of concrete cover over these steel bars, ranging from ¾ inch (for No.11 bars) to 
1-1/2 inch (for No. 14 and 18 bars). In some cases, such as more severe fire resisting 
requirements or possible corrosive atmosphere, these values of minimum concrete 
cover may be increased.  This requirement has been in the ACI building codes (e.g., ACI 
318) for a long time, essentially since their inception. This concrete cover is intended to 
provide adequate resistance of the reinforced concrete to elevated temperatures such as 
caused by fire and possible corrosive atmosphere. In the case of the steel concrete 
modules, there is no concrete cover to protect the steel faceplates.  All of the concrete is 
between the two steel faceplates.  Therefore, the ACI 318 and ACI 349 requirements for 
minimum concrete cover over the primary steel reinforcing is not followed in the design 
of the SC modules.   
 
Provide the rationale for not complying with the ACI 318 and ACI 349 code requirements 
for minimum concrete cover over the primary steel reinforcement.  This rationale should 
include a discussion of the consequences of elevated temperatures in the various 
compartments created by these SC modules, due to fire and/or design basis accidents 
such as LOCA and main steam piping breaks. The discussion should include a 
description of the local behavior of the steel and concrete for these elevated 
temperatures.  This rationale should also include a discussion of the possibility of any 
corrosive fluids or atmosphere in the various compartments, and their effect on the 
serviceability of the steel faceplates. 
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03.08.03-6 
3.8.3-6 
  
In DCD Subsection 3.8.3.6.1, p. 3.8-44 it states “Special module construction 
techniques, in addition to the methodology described in Subsection 3.8.3.1 is provided 
as necessary in a later supplement to the DCD.” 
 
The applicant is requested to provide the supplement to the DCD that describes these 
special module construction techniques. 
  

 
 
03.08.03-7 

3.8.3-7 
  
In DCD Subsection 3.8.3.3.5, Accident Thermal Load (Ta), it is stated, “Thermal loads 
due to temperature gradients caused by the postulated pipe breaks are considered in 
the design. The temperature gradients are calculated using the temperatures 
corresponding to LOCA and MSLB, or a spent fuel pit accident, and are presented in 
Table 3.8.1-3.”  DCD Table 3.8.1-3 further refers to several figures, specifically DCD 
Figures 3.8.1-10, 3.8.1-11, 3.8.1-12 and 3.8.1-13, for the time temperature relationships 
in several areas, including the SG compartment, Primary Shield Atmosphere, and 
Refueling Cavity Sump Water.   
 
Maximum temperatures shown in DCD Figures 3.8.1-10 and 3.8.1-11 are 300oF, while in 
DCD Figures 3.8.1-12 and 3.8.1-13 the maximum temperatures are 570°F and 580°F.  
Further, the temperatures shown in DCD Figures 3.8.1-12 and 3.8.1-13 exist for almost 
24 hours, in which case it seems likely that the concrete surface temperatures will be 
quite high. 
  
Appendix E of ACI 349-01, states that for accident or any other short term events the 
temperature of the surface of the concrete shall not exceed 350°F. However, local areas 
are allowed to reach 650°F from steam or water jets in the event of a pipe failure. ACI 
349 states further that after such exposure to elevated temperatures the serviceability of 
the concrete wall needs to be assessed before resuming operation of the plant.  The 
extent of the assessment will be determined by the engineer and it may be limited to 
visual inspection only. 
 
The applicant is requested to provide the following information: 

a)      Temperature gradient plots versus time through the ½ in. thick steel faceplates 
and concrete in the SC module walls in the SG compartment. 

b)      Stress analysis results for the thermal gradients described in (a) above. 
c)      What is the maximum thermal gradient across the concrete wall in the SC 

module for the thermal time history loadings shown in DCD Figures 3.8.1-12 and 
3.8.1-13? Would the resulting thermal stresses due to this thermal gradient 
cause the concrete to crack? 

d)     What is the maximum local concrete temperature at the interface between the 
concrete and the steel plate of the SC module from steam or water jets resulting 
from a pipe failure associated with the thermal time history loadings shown in 
DCD Figures 3.8.1-12 and 3.8.1-13? 
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How will the assessment of the serviceability of the SC wall module be carried out in the 
event of a LOCA or steam pipe break resulting in these elevated temperatures? 

 
 
03.08.03-8 

3.8.3-8 
  
The US-APWR design makes extensive use of modular construction.  In particular, walls 
inside the containment vessel and other Seismic Category I structures are constructed of 
steel concrete composite components, identified as SC modules. These SC modules 
use two steel faceplates separated by web plates or other means and are shop 
fabricated and then shipped to the jobsite, where they are welded together to form large 
assemblies which are then fastened into place in the structure.  Concrete is then placed 
in the space between the faceplates.  The faceplates act as the primary steel reinforcing 
for the composite section. 
 
At the present time, US codes and standards, such as ACI-349, do not explicitly cover 
this type of design and construction.  In Subsection 3.8.3.4.5, “SC Modules Design and 
Analysis” of the US-APWR DCD. p. 3.8-41, it states that, “SC modules are designed as 
reinforced concrete structures in accordance with the requirements of ACI 349 
(Reference 3.8-8), as supplemented in the following paragraphs.” 
 
The applicant is requested to provide the following information: 
 
In the absence of specific U.S. code requirements and guidance for the SC module, 
more information is needed for the staff to evaluate the adequacy of the design method 
for these SC module structures.  The most important information is the applicant’s 
demonstration that its design method for the SC module structures was derived from, or 
substantiated by, test data that is  cited in the DCD.  Include a summary of results of 
tests of SC modules cited in the DCD and how these results support the design 
approach. Additional information should include more detailed descriptions of any 
specific additional requirements and criteria which were used in the design of these SC 
modules, which are different from the ordinary reinforced concrete structures that are 
covered by ACI 349. Provide more explicit information in the following areas, including a 
discussion of why the direct and sole use of ACI 349-06 for some items (such as for 
Design for In-Plane Shear) results in an structure that has, as a minimum, a level of 
structural integrity as that of a reinforced concrete shear wall of similar dimensions and 
level of steel reinforcement: 
 

·         Overall structural design and behavior of the SC modules 
·         Design of connections between adjoining SC modules, including corner 

joints.   (Describe how continuity of the concrete and steel faceplates are 
preserved at these joints.) 

·         Design for in-plane shear 
·         Design for out-of-plane shear 
·         Design of shear studs 
·         Design of web plates 
·         Design of steel faceplates 
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In addition, it is the staff’s understanding that floor slabs supported on the top of the SC 
wall modules are designed as conventional reinforced concrete slabs, not as composite 
steel concrete slabs.  Provide confirmation of this observation. 
  

 
 
03.08.03-9 

3.8.3-9 
  
In DCD Subsection 3.8.3.4, “Design and Analysis Procedures”, p.3.8-38, 4th paragraph, 
several experimental tests of SC modules are cited. The results of these tests are used 
to support the design methodology used for the SC module walls. These tests appear to 
be made for single SC module walls.  The applicant is requested to provide the following 
information: 
  
Have tests been conducted on assemblies of more than one wall, including corner joint 
connections?  If so, provide the references and a summary of the test results that 
support the design procedures. 

  
Have tests been conducted on SC modules at elevated temperatures, including tests to 
determine fire resistance of the modules?  If so, provide the references to these tests 
and a summary of the results that support the design procedures. 
  

 
 
03.08.03-10 

3.8.3-10 
  
In DCD Subsection 3.8.3.6.1, it states, “Special module construction techniques, in 
addition to the methodology described in Subsection 3.8.3.1, is provided as necessary in 
a later supplement to the DCD.” 
 
Provide a summary of the information in this supplement to the DCD that describes 
these special module construction techniques. This summary should include 
descriptions of special requirements placed on the fabrication, shipping, handling, and 
installation of the SC modules, which are necessary to avoid overstressing, excessive 
distortion, and/or any other degradation mechanism of the steel faceplates during these 
operations.  
 
These explanations should be detailed enough to allow staff evaluation of the SC 
modules. As an example, in describing transportation issues, the discussion should 
address things such as maximum size and weight of the modules, how the modules are 
packaged and secured to the rail car (or truck bed).  This information should address 
how the modules are supported to minimize vibrations and impact loading; how they are 
protected from the elements during transportation and storage; and how loading and 
unloading is to be accomplished to avoid overstressing the steel plate assemblies.  
Similar types of information should be provided for the other steps in the construction 
and inspection process.   
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Include in these explanations the acceptance criteria for the SC modules for loads 
related to fabrication, shipping and handling, erection, any other steps in the construction 
process and the concrete inspection process.  Voids or honeycombs in reinforced 
concrete structures have been observed, after the removal of forms, and then repaired. 
Some structural members were found so deficient, after the removal of forms, that they 
were demolished and re-poured.  Since the steel forms of the SC module walls are not 
to be removed, provide the method to be used to inspect or detect concrete 
voids/honeycombs and other types of defects for the SC concrete walls after concrete 
pouring.   
 
The discussion should include a description of quality control measures needed, if any, 
that supplement those contained in applicable codes and standards (e.g., ACI 349; AISC 
N690). 
  

 
 
03.08.03-11 

3.8.3-11 
  
DCD Subsection 3.8.3.1.7, Refueling Cavity, p.3.8-33) states, “The walls of the refueling 
cavity are formed by SC modules, which are lined with stainless steel over the ½ inch 
thick carbon steel faceplates, referred to as ‘clad steel’. The ceiling and floor slabs are 
also lined with clad steel.” 
 
The applicant is requested to answer the following questions: 
  
How are the stainless steel plates are secured to the carbon steel faceplates of the SC 
modules? Are any welds made between the stainless steel and the carbon steel plates? 
  
Are the stainless steel plates considered as part of the structural member of the SC 
module?  If so, how are they included in the structural/thermal analysis?  For example, 
do the stainless steel plates add stiffness to the SC wall module? 
  

 
 
03.08.03-12 

3.8.3-12 
  
DCD Subsection 3.8.3.1.5, p. 3.8-32, 2nd paragraph, states that that steel faceplates of 
the SC modules are welded to adjacent plates with full penetration welds so that the 
weld is at least as strong as the plate. It further states that the steel faceplates are 
welded to a continuous embedded steel plate in the basemat. 
 
The applicant is requested to answer the following questions: 
 

• Are the full penetration welds connecting adjacent faceplates made from one side?  
If yes, are backing bars used?  How is the quality of the finished weld assured? 
Are the welds tested by non-destructive testing, such as ultrasonic, radiographic, 
or dye penetrant means?  If so, what are the acceptance criteria?  
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• How are the welds made between the steel faceplates and the embedded steel 
plate in the basemat?  How is the quality of these welds assured?  Are the welds 
tested by non-destructive testing, such as ultrasonic, radiographic, or dye 
penetrant means?  If so, what are the acceptance criteria? 

 
 
03.08.03-13 

3.8.3-13 
  
In reviewing the applicant’s response to Question 06.02.06-11 dealing with containment 
vessel penetration cooling, concern was generated about the stress that would be 
placed on the in-containment penetration collar welds between the penetration sleeve 
and the end cap and between the end cap and the steam pipe.  The penetration 
arrangement of concern is depicted in DCD Figure 3.8.1-8 (Sheet 12 of 16) on page 3.8-
148 of the DCD.  As shown, on the in-containment side of the penetration there is a full 
penetration weld between a thickened section of the steam pipe and the end cap (collar) 
and a corner weld between the penetration sleeve and the end cap (collar).  
 
The applicant is requested to provide the following information: 
 

• Provide the stress analysis demonstrating the structural integrity of this weld over 
time for all loads and load combinations, including the effects of induced steam 
flow vibrational movements in the steam piping, and any other piping loads 
imposed on the penetration assembly. Also, provide the inspections and non-
destructive tests to be performed on these welds to meet code requirements.  In 
addition, confirm that the function of these welds is to provide the containment 
barrier leak tightness and structural support of the steam piping. 

 
It is noted further that the weld details (i.e., between the penetration sleeves and the end 
caps and between the end cap and the piping) used in penetrations for the main steam 
lines, are also used for other major penetrations, including the Feedwater piping (DCD 
Figure 3.8.1-8, Sheet 13 of 16), and the SG Blowdown piping (DCD Figure 3.8.1-8, 
Sheet 14 of 16).  
 

• Provide the stress analysis for these other major piping penetrations for all loads 
and load combinations, (including Feedwater piping and SG Blowdown piping), 
taking into account the piping loads imposed on the penetration assembly, 
thermal effects, and any dynamic loads anticipated from the piping systems in 
these penetrations. 

 
 
03.08.03-14 

3.8.3-14 
  
In DCD Subsection 3.8.3.1.5, it states that the SC module walls are welded at the base 
to a continuous embedded plate in the PCCV basemat.  DCD Subsection 3.8.3.1.10 
further states that the SC modules are anchored to the basemat through reinforcement 
doweled with the slab.  DCD Figure 3.8.3-7 provides sketches of typical details for the 
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SC module construction including connection details and anchorage connection details 
to the reinforced concrete basemat.   
 
In order to more fully understand the connection between the SC module walls and the 
basemat, the applicant is requested to furnish information in greater detail of this 
connection joint, identifying all of the structural components, including embedded base 
plates, SC module faceplates, PCCV liner plate, rebars, dowels, and welds between 
plates, and the design method for the connection(s). 

 
 
03.08.03-15 

3.8.3-15 
  
In DCD Subsection 3.8.3.4, the 7th paragraph (Page 3.8-39) states, “Case 1 assumes 
monolithic behavior of the steel plate and uncracked concrete. This stiffness is the basis 
for the stiffness of the SC modules in the seismic analyses and the stress analysis.”     
 
The applicant is requested to provide the following information: 
 
Both ACI 349-01 Section 10.11 and Design and Analysis Procedure 4D of SRP 3.8.3 
(page 3.8.3-24 of SRP 3.8.3 Revision 2, March 2007) require the consideration of 
concrete cracking.  Since all the seismic analyses and the stress analysis that involve 
the SC modules assumed that concrete was uncracked, demonstrate that the analyses 
results of the floor response spectra, the strength of the walls, and all other structural 
elements are conservative compared to the results if concrete cracking was considered 
in the analyses. 

 
 


