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QUESTION NO. 03.08.03-26: 

The staff’s evaluation of MHI’s amended response to Question 03.08.03-1 is unchanged 
from that for the initial response. In that initial response MHI stated that “creep, shrinkage, 
and cracking of concrete are insignificant and are therefore not included in the stiffness 
calculation. The staff disagreed with this statement. Acceptance criteria 4.D of SRP 3.8.1 
states that concrete cracking should be considered. In the response, MHI further stated that 
reducing the stiffness does not significantly affect the results of moment forces. MHI is 
requested to provide numerical data to support this claim. Also, in the response to Question 
03.08.03-7 Part (c), MHI states that temperature gradient in SC modules will cause concrete 
to crack. If this statement is true, why is the concrete assumed to be uncracked in the 
stiffness calculation? 
 

ANSWER: 

This answer revises and replaces the previous MHI answer that was transmitted by letter 
UAP-HF-10358 (ML110100361). 

Containment internal structure (CIS) in-structure-response-spectra (ISRS) are based on 
certified design reactor building (R/B) complex soil-structure interaction (SSI) analyses and 
consider stiffness reductions due to steel concrete (SC) module concrete cracking.  
Technical Report MUAP-10006, Rev. 3, Sections 02.4.1 and 02.4.2 and Technical Report 
MUAP-11013, Rev. 2 describe the CIS dynamic three-dimensional finite element (FE) 
modeling approach used.  Two SSI analyses are performed to bound the range of stress 
levels and associated cracking; one with the greater stiffness associated with safe-shutdown 
earthquake (SSE) seismic loads plus operating thermal loads; and one with the lesser 
stiffness associated with SSE seismic loads plus accident thermal loads.  Different material 
damping values are assigned to the different members depending on the level of stresses 
and corresponding concrete cracking.  The envelope of the results from these SSI analyses 
is used to conduct a dynamic response spectrum analysis and, thus, determine structural 
force and moment demands for design. 



3.8.3-2 

In the analyses and design, SC wall cracking threshold is considered to occur at a concrete 
stress of 2f’c.  Typically the concrete cracking threshold is considered to occur at a concrete 
stress of 4f’c.  The SC wall cracking threshold is reduced to account for the effects of 
shrinkage.  Technical Report MUAP-11018, Rev. 1 discusses SC module testing and 
provides empirical test data and stress analyses that justify stiffness and damping values 
used in SC wall seismic analyses. 

Concrete creep effects are considered in SC member design evaluations.  Technical Report 
MUAP-11019, Rev. 1, Section 4.2 compares SC module axial compressive strength design 
to that of reinforced concrete design.  This Technical Report indicates that reinforced 
concrete compression force reduction due to creep under sustained loading and the 
subsequent transfer of forces to reinforcing steel will also occur in SC sections, but to a 
lesser degree than reinforced concrete, given the discontinuous bond of SC module 
reinforcing steel to concrete.  Thus, reduction factors applied to the nominal compressive 
strength of axially loaded reinforced concrete members are also conservatively applied to SC 
walls.  Specifically, Equation 10-2 of American Concrete Institute (ACI) 349-06 is used, which 
includes a 0.7 strength reduction () factor as well as a 0.8 reduction factor that, in part, 
accounts for the reduction in concrete compressive strength under sustained high axial loads. 

Additionally, Technical Report MUAP-11019, Rev. 1, Section 4.3 explains that slenderness 
effects have been evaluated for the SC walls according to ACI 349-06 Section 10.12 
provisions.  These provisions address the phenomenon of creep buckling, or buckling due to 
increased deflections of slender columns under sustained loading.  Technical Report MUAP-
11019, Rev. 1 illustrates that US-APWR CIS SC walls are considered non-slender per ACI-
349-06, Section 10.12.2, and that slenderness effects may, thus, be ignored in the 
calculation of SC wall demands and capabilities. 

Impact on DCD 

There is no impact on the DCD. 

Impact on R-COLA 

There is no impact on the R-COLA. 

Impact on S-COLA 

There is no impact on the S-COLA. 

Impact on PRA 

There is no impact on the PRA. 

Impact on Technical/Topical Report 

There is no impact on the Technical/Topical Report. 
 

This completes MHI’s response to the NRC’s question. 

 


