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1. Introduction

The experience of Promon Engenharia S.A., a Brazilian A/E which participated in the

civil and mechanical engineering projects of the first Nuclear Power Plant in Brazil,

is presented in this paper.

In these projects the aspects of input for seismic analysis, seismic analysis in nuclear

structures founded on piles, dynamic analysis for airplane crash, and piping analysis had

to be faced for ihe first time in the country.

How these problems were tackled and some case examples are here presented.



2. Seismic Input

From the view point of the dynamic analyst the Qi>; r tif ication of an earthquake can be

accomplished with the following elements in order 01 complexity:

i intensity

ii manitud*

iii maximum ground acceleration

iv design response spectra

v time histories of earthquake ground motion

The intensity of an earthquake is a measure of the structural damage caused by an

earthquake in « particular site. The measures of intensity are based on observation;

of the effec s i the ground motions on natural and man-made objects and have a

certain der. -• : f subjectivity. Although the intensity scales can provide valuable

informatio •' 'J e absence of any instrumented records of earthquakes, their deficiences

for the est &<& Dent of the seismic input are notorious.

Tne magrr jde of an earthquake is related to the amount of strain energy released at

the earth ? ike's source.

The maxiiftjm ground accleration is the acceleration used in the design and represents

the level >f severity that is defined for a NPP in a given site. Normally there

are considered two levels of severity. The first level is the most severe and corresponds

directly to ultimate safety requirements. It is considered that this level of ground

motion has a very low probability of being exceeded and represents the maximum level

of ground motion to be used for design purposes. Its evaluation may be based on

seismotectonic considerations, historic earthquake experience in the region, and

consideration of the characteristics of site area geology and soil materials. The second

level is considered to be the maximum ground motion which reasonably can be expected

to be experienced at the site area once during the operation of the NPP. The first level

is the S2 or SSE (Safe Shutdown Earthquake) and the second one is the SI or OBE

(Operating Basis Earthquake).



A response spectrum is a plot of the maximum response of a family of oscillators

each having a single-degree-of-freedom with fixed damping as a function of natural

frequencies of the oscillators when subjected to vibratory ground motion input at their

supports.

The design response spectrum is the response spectrum used in a particular project.

It can be a site specific spectrum or a standard spectrum. The site specific spectrum

is generated from the normalization and mean of several strong motion accelerograms

collected from the site or more probably from similar sites. The standard response

spectrum is a spectrum with a relatively smooth shape which is generalized for

application and which has been obtained from many response spectra derived from

records of past earthquakes (for example the design response spectrum of the Nuclear

Regulatory Commission Regulatory Guide 1.60).

The design time histories of earthquake ground motion may be based on strong motion

records obtained at the site vicinity from past earthquakes or at places which have

similar geological, soil, and seismic characteristics after proper modifications.

Alternatively a design time history can be generated by computational models

simulating random time series by computer and filtering out to obtain specific

characteristcs.

Almost all the seismological background in Brasil derives from historical observations

and the only quantitative information available is constituted by earthquake intensities.

These records indicate that there is a very low probability of occurrence of an earthquake

of intensity greater than VI (MM).

In this respect it is of interest to point out that according to the International Atomic

Energy Agency "Safety Guide on Earthquake and Associated Topics for NPP Siting"! 1 ]

Brasil can be considered an area of quite low seismicity.



For an intensity of VI (MM.) the maximum ground acceleration can be estimated
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With the exception of iii, for above average firm bredrock, one can expect that the

maximum ground acceleration in Brazil will not exceed O.ig. This is the minimum value

prescribed by the United States Atomic Energy Commission, "Seismic and Geologic

Criteria for NPP" [3]. The ground acceleration of Oig corresponds roughly to an

intensity VII (MM).

This value of lhe maximum horizontal ground acceleration is to be considered at the

outcropping reck. Proper soil amplification analysis has to be performed in order to

comply with this requirement bearing in mind the particular characteristics of the soil

profile at one particular site.

The maximum horizontal ground acceleration for the SI or OBE is one-half that

corresponding to the S2 or SSE. Concerning the vertical acceleration the maximum

values for the S2 and Si are two-thirds of the corresponding horizontal accelerations.

These prescriptions conform to the recommendations of [2).



3. Dynamic Analysis

In this Section some case analyses in the field of dynamic analysis are presented.

3.1 Seismic Analysis of Nuclear Structures Founded on Piles

The seismic analyses of a pile foundation of a nuclear structure is performed by the

so-called "three-step method" introduced by Kausel & Roesset [4]. In the first step

the pile response without the superstructure (kinematic interaction) is obtained. In the

second step the stiffness of the pile foundation is calculated. The third step consists of

the incorporation of this stiffness into a mathematical model with the superstructure

and subsequent submission of the model to the appropriate response spectrum.

In order to take into account the dependency of the soil properties on the strain level

imposed by an earthquake a soil amplification analysis is initially performed. For this

purpose the FLUSH (5) program can be used. This program uses an "equivalent linear

method" and after some interactions furnishes the strain levels at the various elevations

of the soil profile. An example of a soil amplification study is presented in Fig. 1.

At some sites the soil profile is of a nature such, that the design response spectrum has

to be amplified. A method proposed by Roesset [6] can be used in this type of analysis.

For the soil profile of Fig. 1 the factors by which the accelerations of the design

response spectrum must be multiplied to produce the accelerations at the foundation

level are given in Fig. 2.

The first step of the "three-step method" can be performed with the model of Fig. 3.

An individual pile is coupled with a soil column and the model is submitted to the

design response spectrum to obtain the pile forces due to kinematic interaction.



The stiffness coefficients of a single pile are obtained from the theory of Novak

implemented in the program PI LAY [7]. The stiffness coefficients given by Novak's

theory are frequency dependent but for a broad frequency range of interest they present

very small variations. From the stiffness coefficients, flexibility coefficients are

obtained. Using the theory of Poulos [8] for the pile grouping effect a flexibility matrix

for the pile group is obtained. Finally this flexibility matrix is inverted to obtain the

pile group stiffness matrix. This matrix is then associated with the superstructure's

model.

The third step is the analysis of the model which represents the superstructure and the

foundation submitted to the amplified response spectrum. This can be elaborated by a

general purpose program for dynamic analysis such as the STAR DYNE program [9].

3 2 Airplane Crash

An important accidental load caie in the design of the containment of a nuclear reactor

is the airplane crash. The initial input for this type of dynamic analysis is the load-time

function due to the airplane crash. In some countries a particular aircraft and the

corresponding load-time function is precisely defined in the pertinent regulations.

When an analysis of a reactor building for an aircraft crash had to be performed in

Brasil the load-time functions of several airplanes had to be calculated.



The most widely used model for the determination of a load-time function due to an

aircraft crash was proposed by Riera [10]. The basis assumption of the Riera model

is that the total load applied by the airplane to the rigid wall, at any instant during

the time of impact, is the sum of:

i the buckling load of the crushed section

ii the force which decelerates the mass of the remaining uncrushed part of the

airplane.

The basis data for the derivation of the Riera model load-time function are the mass

distribution of the aircraft and the buckling load of the various sections along the

fuselage. These data are given in [11] for the BOEING 707-320 airplane. In this

Reference there are presented for this plane the load-time functions for various

velocities.

The load time function for the crash of a BOEING 727-200 was necessary for an

analysis of the aircraft crash loading case in Brasil.

For this the computer program PLANE which calculates the load-time function due to

an aircraft impact given the distribution of mass and of the buckling loads was

developed. For the BOEING 727-200 these data were obtained as follows. The mass

distribution of the BOEING 707-320 from [11] was scaled by a factor equal to the

relation of the masses of the 727-200 and 707-320. As the fuselage of the two planes

are very similar the buckling load distribution of the 727-200 was taken the same as

the 707-320. These data are shown in Fig. 4. The load-time functions found by the

program PLANE for the various velocities are given in Fig. 5.

An approximation that gives fairly good results for high velocities is to disregard the

buckling load of the crushed section. In this way the total force depends only on the

mass distribution. A comparison of the load-time functions obtained with the Riera

model and with this approximation for the BOEING 727-200 at the velocity of

103 m/s is given in Fig. 6.

A further approximation is to consider a tringular distribution of the mass along the

fuselage. This consideration results in a triangular load-time function, Fig. 10. These

functions were used for the airplanes ELECTRA, BANDEIRANTE, and F-5.



3 3 Seismic Analysis of Piping Systems

The seismic analysis of piping systems was performed for the first time in Brasil

in the project of the Angra NPP. Although this type of analysis follows well established

procedures with guidelines presented in various codes and standards such as the

American Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section I I I ,

"Nuclear Power Plant Components" [12], the amount of work required a large group of

engineers, which had to be trained and guided to perform this new task.

Those engineers with previous knowledge of piping static analysis only had to be

acquainted with the requirements of the applicable ANSI Standards, Regulatory Guides,

Safety Analysis Report, and the basic principles of structural dynamic analysis.

Special company internal procedures had to be developed to increase the efficiency in

performing the analyses and checks.

The initial scope of work included all lines with nominal size of 2" and smaller in safety

classes 2,3 and non-nuclear [13]. This scope was extended afterwards to include lines of

any size and safety class that had to be rerouted during erection.

The input received from the client to perform the analyses consisted of flow diagrams

with indication of safety classes, system descriptions, Sine lists with operating conditions.

Final Safety Analysis Report, floor response spectre, piping support design guide for

alternate analysis of cold lines, and miscellaneous valve and equipment information. The

level of service limits were established as a first step in defining the loading conditions,

allowable stress limits and acceptance criteria in accordance with References (12] and

[14].. Here it is important to point out that special attention should be paid to avoid

confusion between plant conditions (normal operation, incidents of moderate frequency,

infrequent incidents and limiting faults) as defined in Reference [13] and service limits

(levels A, B, C and D) defined in Reference (12), since the former identify the various

plant operating conditions according to the expected frequency o. occurrence while the

latter describe component operating conditions and resulting effect in the performance

of its function.



The seismic loads are considered under the form of floor response spectra for various

building elevations resulting from the Operating Basis Earthquake (OBE) and Safe

Shutdown Earthquake (SSE) with the appopriate damping values as recommended by

the Regulatory Guide 1.61 "Damping Values for Seismic Design- of Nuclear Power

Plants". The use of either OBE or SSE spectra is associated with the level service limits.

For analysis purpose, the seismic loads are divided into two different types:

i seismic inertia loads

ii seismic displacement loads

The seismic inertia loads are the ones caused by the piping accelerations due to support

seismic movements and the seismic displacement loads result from the differential

seismic movements of supports located in differente buildings or with large difference

in elevation in the same building. This division of seismic load types is required since

the codes treat differently the primary stresses (non-self-limiting) originated from the

seismic inertia loads and the secondary stresses (self-limiting) resulting from the seismic

displacement loads. In the analyses normally performed with the aid of a digital

computer, these seismic loads were combined with other loading conditions such as

pressure, deadweight, thermal expansion and anchor movements. The load combinations

were performed in accordance with ASME BPV Code Section III [12] with the loads

originated from OBE being associated with Levels B and C service limits and the loads

generated by SSE associated with Level D service limits. The combination of seismic

loads resulting from the different modes in a response spectrum are done as

recommended in the Regulatory Guide 1.92 "Combination of Modes and Spatial

Components in Seismic Response Analysis".

The stress intensification indices for the various standard piping components were

obtained also from ASME BPV Code Section III [12], It is important to note that the

use of components with stress indices not listed in the codes should be done with

caution since the real value of the maximum stress occurring in that component will

remain undetermined.



It is also necessary in the piping analysis stage to keep in mind the problem associated

with support design in order to achieve an optimum overall design with respect to

economy and safety. As an example, one could point out the use of snubbers and

spring hangers sometimes required in hot lines where the piping flexibility necessary

to minimize thermal expansion stresses is not compatible with the rigidity necessary

to keep the seismic stresses at an acceptable level. As a rule of thumb snubbers should

be avoided whenever possible due to the high costs, maintenance problems and lower

reliability when compared with rigid supports.

To be consistent with the piping analysis, the rigid .supports must have their lowest

natural frequency above the cut-off frequency related to the seismic design. In the case

of small diameter piping supports, frequently the rigidity criteria prevails over the

maximum allowable stress criteria.

In the cases of long straight runs of pipe, seismic forces associated with higher

frequencies above the cut-off value are disregarded in the analysis, since they do not

contribute significantly to the pipe stress level. Nevertheless they can reach sufficiently

large values in order to represent an important load for the support design.

For the analysis of piping with nominal sizes of 2" and under, an alternate procedure

has been often used for cold (<200°F) lines. This procedure adopts conservative

assumptions with respect to seismic load and stress limits to generate maximum

allowable spans between supports, maintaining the piping stresses within the code limits.

Special considerations are necessary to calculate maximum allowable spans in cases

where there are changes in direction and concentrated loads exist in the piping between

supports. The alternate procedure also provides guidance for support location to

minimize the seismic effects, and both OBE and SSE response spectra are considered

associated with the applicable stress limits plus allowance for pressure and deadweight

loads. The seismic support reactions can also be determined. These alternate procedures

are specially suited for field run piping when access to a computer is not readily

available.



To illustrate what has been described above an example of a typical piping analysis

using the computer program PIPESD is presented. A stress isometric of a safety class

2 line of the Component Cooling System is shown in Fig. 8. The corresponding OBE

floor response spectra is presented in Fig. 9, for earthquake directions x, y and z.

The resulting support reactions for the x and y direction OBE are shown in Table 1.

The seismic loads for the different earthquake directions are combined as follows:

— x direction with y direction (vertical)

- z direction with y direction (vertical)

The worst case with respect to support reactions and piping stresses is selected from the

two combinations.

Support

Joint

2

8

14

22

38

46

52

62

72

82

Force (LB)

X

25.96

58.11

0.00

0.00

49.04

24.75

0.00

35.01

0.00

10.54

Y

27.61

0.00

0.00

0.00

88.67

116.60

60.85

0.00

74.36 •

79.05

Z

25.15

0.00

57.72

34.37

57.62

9.73

27.80

37.76

22.32

11.0

Moment ( IN-LB)

X

0

0

0

0

0

0

0

0

0

0

Y

0

0

0

0

0

0

0

0

0

0

z

0

0

0

0

0

0

0

0

0

0

Table 1 - Support Reactions due to OBE spectra for earthquake in directions x and y.
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