
MEB-CQ-201505 3.6.2 Responses 

Issue #4 - Issue #13 

Subject of presentation 

Issue #14 

SRP 3.6.2 Section 111.4.A, "Dynamic Analysis Criteria," provides the staff's guideline for determining the 
allowable capacity of crushable material, such as honeycomb used in pipe whip restraint system. It 
states that the allowable capacity of crushable material should be limited to 80 percent of its rated 
energy dissipating capacity as determined by dynamic testing, at loading rate within+/- 50 percent of 
the specified design loading rate. The applicant is to clarify whether this guideline is applicable to 
APR1400 pipe whip restraint system design. 

Response 

As described in Subsection 3.6.2.4.1.1, crushable materials are not considered in the materials of the 
pipe whip restraint system in the APR1400 design. Therefore, the SRP guideline is not applicable and 
no details are necessary for crushab le material. 

Issue# 15 

SRP 3.6.2, Section 111.2.B(i) and (ii) provide the staff's guideline for the dynamic analysis of postulated 
ruptured pipe and the pipe whip restraint system. For both the energy balance analysis model and the 
lumped parameter analysis model, the staff's guideline states that the maximum possible initial gap 
between the pipe whip restraint and the pipe should be used to account for the most adverse dynamic 
effects of pipe whip. The staff noted that DCD Tier 2, Subsection 3.6.2.4.1, "Pipe Whip Restraints," 
states that the pipe whip restraint is designed for the impact force induced by the maximum possible 
initial gap between the pipe whip restraint and the pipe. The applicant is to clarify that this pipe whip 
design criterion is applicable for both the energy balance method and the lumped parameter method 
described in DCD Tier 2, Subsection 3.6.2.4.1.2, "Methods for the Dynamic Analysis of Pipe Whip." 

Response 

For the design of the APR1400, pipe whip restraints are designed with consideration for the thermal 
movement of pipe during operation and the maximum possible initial gap in the dynamic analysis using 
the energy balance method. DCD Subsection 3.6.2.4.1.2 will be revised to incorporate the clarification 
for the dynamic analysis of pipe whip restraints. 

Impact on DCD 

DCD Subsection 3.6.2.4.1.2 will be revised as indicated in the attached MEB-CQ-201505 3.6.2.4.1 #15 
markup. 

Impact on PRA 

There is no impact on the PRA. 

Impact on Technical Specifications 

There is no impact on the Technical Specifications. 

Impact on Technical/Topical/Environmental Reports 

There is no impact on any Technical, Topical and Environmental Reports. 
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capacity of the support structure. The restraint is designed for the impact force induced by 

the maximum possible initial gap between the whip restraint and the process pipe. 

The impact energy is usually too high for an elastic restraint system or support structure to 

absorb. Therefore, energy-absorbing restraints are designed using the energy balance 

approach (impact energy+ external work = internal energy of pipe restraint system). 

3.6.2.4.1.1 Pipe Whip Restraint Components 

Pipe whip restraints typically consist of the components listed below. The typical shape of 

a pipe whip restraint is shown in Figure 3.6-1. 

a. Energy-absorbing members 

Members that absorb energy by significant plastic deformations under the 

influence of impacting pipes (pipe whip). 

b. Non-energy-absorbing members 

Components that form a direct link between the pipe and the structure. 

c. Structural attachments 

Fasteners that provide the method of attaching connecting members to the 

structure (e.g., welds, bolts). 

d. Support structure 

Steel and concrete support structures that ultimately carry the restraint load. 

Design criteria are specified in Subsections 3.8.3 and 3.8.4. 

3 .6.2.4.1.2 Methods for the Dynamic Analysis of Pipe Whip 

A clearance between a pipe whip restraint and pipe is usually provided for thermal 

e~q=~aHsioH duFiHg HOfffial opeFa-tioH. If a break occurs, the restraints or anchors nearest the 

t\_ movement of pipe during normal operation and used as 
the maximum possible initial gap at dynamic analysis . 
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break point prevent unlimited movement of the pipe at the point of break. In the absence 

of analytical justification, a dynamic load factor (DLF) of 2.0 is applied in determining a 

restraint loading to consider dynamic nature of the piping thrust load. Elasto-plastic pipe 

and whip restraint material properties may be considered as applicable. The effect of 

rapid strain rate of material properties is considered in accordance with ANSVANS 58.2-

1988. A 10 percent increase in yield strength is used to account for strain rate effects. 

two 

In general, the loading that may result from a break of piping is determine 

dynamic blowdown or a conservative static blowdown analysis. The three methods for 

analyzing the interaction effects between a whipping pipe and a restraint are energy bal nee 
.------------. 

method) lut'fl19ed 19araffieter ffiethod,I and equivalent static method. that are use d 

~ 
The energy balance method is based on the principle of conservation of energy. The 

kinetic energy of the whipping pipe generated during the first quarter-cycle of movement is 

assumed to be converted into equivalent strain energy, which is distributed to the pipe or 

the whip restraint. 

The lumped paraffieter ffiethod is eaffied out usiHg a luffiped ffiass ffiodel. Luffi19ed ffiass 

poifl:ts are iHtereoHHeeted ey spriHgs to take iHto aeeouHt iHertia afl:d stiffHess properties of 

the systeffi. A d)'fll:lffiie foreiflg fttfl:etiofl Of equivaleflt statie loads ffil:l)' ee 8:f3plied at eaeh 

postulated ereak loeatiofl v; ith pipe 'Nhip iflteraetiOflS. A fl:Oflliflear elasto plastie l:lfll:llysis 

ofthe pipiHg restraiflt systeffi is used. 

An equivalent static analysis model is used for rigid rupture restraints. In order to obtain 

the design load for a rigid restraint, the following equation is used: 

F = 2 x 1.1 x F8 = 2.2F8 

Where: 

F design load 

F s maximum blowdown force 

The DLF is taken as 2.0 and rebound effects are accounted for by a factor of 1.1 . 
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