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" Atsushi Suzuki ?,.

EVALUATION OF SEISMIC INPUT MOTIONS AND RESPONSES OF

BUILDINGS INN UCLEAR POWER PLANTS

Yoshio Kitada ®,” Kaoru Kusakabe ¥, Tsutomu Hirotani

ABS’TRACT NUPEC has been carrying out expenmental studies to understand basic Sml Strcture Interaction (SSI) One
such study was the “Model Test on Embedment Effect of Reactor Building (1986-1994),” and the “Model Test on Dynamic
Cross-Interaction Effects of Adjacent Structures (1994-2001)” is cunently ongoing. For these tests we have constructed BWR
reactor bmldmg models to 1710 scale and perfomed vibration tests and earthquake observations. We have obtained 26
earthquake evems in which the maximum observed acceleration in free field exceeded 10 Gal. Two of the events’ displayed
maximum accelerattons of over.100 Gal. 'In this paper, we first present earthquake observation results and examples of an
ad)acent bmldmg effect, one of the typical 8SI effects. -Secondly, we present an analyttcal SSI model for use in simulation -

" analyses of the vxbratxon tests and earthquake observations. In the construcnon of the SSI model, evaluation of soil spring

became the key technology In the simulation of earthquake observatxons, the most important issue was the evaluation of the
earthquake motion to be input-into the analytical SST model. The simulation of the vibration tests produced- sattsfactory ’
results, but the simulation of the earthquake observations were not.  Subsequently, we attempted step by step to improve the
model parameters for surrounding soil. As the results show, we found that certain modeling parameters exert a greater

* influence on the analytical results. Overall, the analysis shows that our. evaluation of soil spring- is reasonable, while our

evaluation of seismic input still has dlfﬁculttes The modeled soil parameters for use .in evaluating seismic input do not

‘necessarily agree well with the values obtained by a detailed soil survey. ’l'he evaluation of uncertainties in the model

parameters is essential to evaluatmg seismic mput motions.

1. INTRODUCTION .

Soil-Structiire-Interaction (SSI) is among the most

important factors in properly evaluating a structure’s
earthquake response. In particular, reactor and/or
‘turbine- buildings at nuclear power plants (NPP) are

unportant role in their earthquake responses. -

B} generally heavy and massive, s0 the SSI effect plays an- :

years; In that time, we have experienced 26 eartltquake'

"events with observed maximum ecceleration in free

field' exceeding 10 Gal. Two of the events dtsplayed
maximum accelerations of over 100 Gal. ]

Simulation - analyses have been carried out using.
these earthquake observation records. In these analyses, .
the SSI’ effects were modeled based on the theoretical

-‘methodologxes usmg soil sprmgs postulated between

Based on this assumptlon, the SSI studies were first Lo

carried out theoretxcally, -and’ sophtsttcated "evaluation. "
However, data to

methodologies ~were . developed.
confirm the adequacy of the theoretlcal evaluanon
methodoplogies was scarce.

To obtain such data and to understand bas:c SS1
phenomena, NUPEC has -been carrying out
experimental studies since 1980, using models of NPP

“reactor buildings, which were constructed on a field.

the basé of the’ buildings and surrounding  soil and

' ’ using input motions applied fo the models.

The evaluation of soil springs was based on detailed -
studies of ‘vibration test data and achieved satisfactory

"~results . However, we are still havmg ‘problems with'

typical of an actual NPP site. Studies thus far include -

- “Dynamnc interaction between reactor butldlng and soil

(1980-1986)”, “Model- Test on Embedment Effect of
Reactor Building (1986-1994)” and “Model Test on
Dynamic Cross-Interaction  Effects of Adjacent
Struétures (1994-2001)”. The latter test is ongoing.
“Model Test on. Embedment Effect of Reactor

. Building (1986-1994)” and “Model Test on, Dynamic
Cross-lnteraction Effects of Adjacent Structures. (1994-

2001)” were carried out at the'same site .for over 10

‘observation results' and

the eyaluatnon of seismic input. The difficulties derive
from the fact that earthquake motions display great
variety .in maximum. acceleration, duration, envelope,
and vibration frequency, depending’ on the properties
of  the selsmlc source, such as. magmtude, focal

"dlstance, depth dlrectmty, etc.

In this paper, we will first present some earthquake "
‘simulation analyses for

l) Seismic Engineering Center, Nuclear Power Engineering

Corporation

' -2) Seismic Engineering Center, Nucléar Power Engmeermg

Corporation, Dr. Eng.

3) Professor, Dept. of Architecture, Kobe Umversxty

4) Nuclear- Dept., Engineering Division, Shimizu Corporation
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vibration tests as e_x,amples of successful simulation of
the SSI effect. Next, we will present an example that
illustrates our difficulties in modeling the soil
‘surrounding the reactor building for the simulation of
. earthquake observations, particularly in the evaluation
of input motion.
process by which we seek to improve the soil model.

We will also show that certain modeling parameters

exert greater influence on the analytical results. The
difficulties in modeling SSI phenomena arise, in part,

because the parameters do not necessarily agree with
the values obtained by detailed soil surveys at the site.

.The uncertainties in soil model parameters are another

source of error and a vxtal issue for evaluatmg input

motxons

2. SUMMARY OF THE TEST
2.1 OUTLINES OF THE TEST ,

- NUPEC conducted three research projects on SSI
phenomena from 1980 to 1994 to confirm the adequacy
_ of aseismic design analyses of NPP reactor buildings.
Two projects in particular, “Model Tests on Embedment
Effect of Reactor Burldxngs (Embedment ‘Test)” and’
- " “Model Test on Dynamic Cross-Interaction Effects’ of
" Adjacent Structures (DCI Test),” were conducted to
resolve the essential problems of SSI, rational modeling

of soil spring, and seismic input motion. In those projects,
earthquake observations were carried out continuously

-‘and a vast number of records have been accumulated .

regarding acceleration time histories for free field and
building responses. ' The model structures. “were
constructed on three locauons (Locatlons A, B and D).
.. The bmldmg conditions and the plot plan are - shown in

Figure 1.

" In.the DCI Test, three building. conditions. are planned:

" . .single ‘building, two identical adjacent buildings and two '
- The free field observation

* point was equidistant from’ ‘each location. To discuss

dlfferent adjacent buxldmgs

and analyze the. observed data, we have carried out soil
surveys by boring at several poin'ts around the models.

Fxgure 2 shows the locations of the free fi eld the bormg .

1+ poirnits and the models

At this- sxte we have observed over 150 ea.rthquake
events, mcludmg 26 earthquake events whose.recorded
maximum acceleration in- free field exceeded 10 Gal.

The details of the events are shown in Table 1. In .
‘Figure 3, we show.the cumulative histogram .for the -
Two of the events.

earthquake events shown in Table 1.
- had maximum accelerations of over 100 Gal.

~ 808

In this example, we show the typical °

" conditions at- NPP sites.

. The’ Embedment Test compared two soil .
condrtlons , single burldmg wnth and thhout embedment.

2.2 EARTHQUAKE OBSERVATIONS.IN ‘;MODE‘IL
TESTS ON EMBEDMENT EFFECT OF
REACTOR BUILDINGS”

The project began in 1986 and ended in 1995. The
objective of this project was to stady the effect of
‘building embedment on the SSI characteristics of
reactor buildings. It'is known' that the seismic response-
of embedded structures is greatly “affected by SSI
phenomena. Therefore, the backfill, and surrounding
soil resultmg from building embedment makes" the -
phenomena more . complicated. . The = tests were
performed to investigate the soil spring characteristics
of the actual soil layer and backfill soil around a
structure by " taking . into. account the  actual soil
: Two identical reinforced
concrete building - models representing BWR reactor

~ buildings were constructed at -the same - site. "To

investigate the embedment effect, one model was tested

. without embedment, and the other building model was
" tested”

under embedment. conditions. Earthquake
observations were carried out at several points on these’
model structures ‘Figure 4 shows the building models
without ‘embedment (model A) ahd w1th embedment -
(model B). '

The data obtained from earthquake observations
were used to evaluate the clear motion input applied to

" the model foundation, structure responses, and the SSI

" characteristics of backfill and surrounding soil.” The -
results were then compared with analytical results using
axi-symmetric FEM ‘models. The test results Were'
,presented in several papers at mtematxonal conferences.
[13- 11} -

Sample earthquake records are shown in Flgure 5.

The: Fourrer spectra for these. records are shown in -~

Figure 6. Thesé records  were obtained during an
-earthquake that generated maximum acceleration in
“free field over 170 Gal.. In these ﬁgures, the

" embedment- effect becomes apparent at - the - peak

~frequency and- the  peak acceleration of the: Fourier
spectra. The Fourier spectra of horizontal acceleration
time historigs obtained from earthquake observation of
the test models show' that.the peak amplitudes of the -
spectra decrease and the predommant frequency is -

g hlgher due to embedment. -

2.3 EARTHQUAKE'OBS_ERVATIONS IN “MODEL
TESTS ON DYNAMIC CROSS INTERACTION .
EFFECT OF REACTOR BUILDINGS”. ‘

" Field tests were carried out at the test sxte used for the

precedmg test project, “Model Tests on Embedment

Effect of Reactor Bul_ldmg,” and the two model



" buildings were inherited from that project.
Figure 7 describes the model buildings used in the
_test. . Three model conditions— a single building, two
identical buildings, and two different buildings—were

employed to investigate the effect of adjacent buildings

on the SSI phenomena affecting the building in
question. The “buildings used in this project are
models of a reactor building (BWR) and a turbine
building. The scale of the models was about 1/10 of the
‘actual buildings. The space between the two different
buildings (reactor building and turbine building) was
determined in reference to thé closest example of such

3

buildings at an actual NPP. The space between the - .

identical buildings was set to obtain basic data related

to the dynamxc interaction between the model buildings. -

.Earthiquake observations were made to investigate the

interactions between two adjacent buildings under.

actual earthquake conditions. - The tests consisted of

two series of tests—testing with and without
embedment. ) . .
- As a typical - example,, we show earthquake

observation- results from January 1998 and November

- 1998, thh and without embedment, respectlvely. '

* Figure 8 shows tri-axial acceleration time histories

observed on a free field. The earthquake observations. .

in the free fi eld were done at the site independently of
"the model buildings. The data were used to estimate the
actual earthquake ground motion applied to the

building models. ‘The acceleration record shown in
Figure § was observed at 3m below the ground surface' '

(GL-3.0m).

Figures 9 and 10 show the Fourler spectra of |

' '1 earthquake acceleratxon time histories observed on the
' top of the modeled bmldmgs, DA and DF, with and
without embedment respectlvely In these fig igures, the

; correspondmg Founer spectrum of the smgle building

in AA’is also shown. thure 9 compares the Fourier
~spectra of the acceleratlon records of DA and DF, the
- “two different adjacent _buildings, without embedment.

- ..Figure 10 shows the compartson of the Founer spectra

of the earthquake records from the same- buxldmgs with

embedment. _
" From these results; it is clear that the dommant peak

studying the SSI including DCI effects.

" In the following section, we present simulations of

test results without embedment, emphasizing the
simulation modeling. We also demonstrate the

~ difficulty of earthquake response analysis, especially

for estimating seismic input motion, even without
embedment. :

SIMULATION OF EARTHQUAKE
OBSERVATIONS

In this section, we will descnbe our simulation
method and the results -obtained by simulating the
earthquake responses. of the model bulldmgs First,

- we 'will show the analytical modehng procedure for

earthquake = response -using a combined model
consisting of the building models, surrounding soil and
deep soil. The model parameters are determined by
tuning the results of the forced vibration simulation to

- the test results. Secondly, we will show the results of

the simulated earthquake responses of the modeied :
buildings. ‘

In this simulation analysxs the two different
buildings used for the DCI tests were selected as the

~ actudl test case.

3.1 MODELING-F.OR_‘T_EST SIMULATIONS.

~ . Vibration tests of the modeled 'buildings using an
exciter were carried out to accurately evaluate the . -

characteristics of the surroundmg soil, mcludmg the
adjacent building effect. -

Furthermore, to understand the effects of embedment
on the DCI of adjacent buildings, the tests were carned :

"~ ‘out with and without soil embedment

"~ The 'two different buildings were a reactor and a

turbine” building (DA and DF, respectively). The

E tnode!ed buildings were made of reinforced concrete.

in the spectra shifted to the higher frequency because .

response of building AA, the single building structure,
it is also clear that the spectra of Figs. 9 and 10 are
complicated by excitement in the frequency component
"around 10Hz, This phenomenon could be considered

the DCI effect of adjacent buildings. Earthquake:
the

" observation are .continuing on-gomg under-
-embedment condition, and .we - are accumulating
© valuable data. - These data will be extremely helpful in

‘ j'of thé embedment. - Furthermore, by . comparmg the .-

The scale of these models is about 1/10 of an actual

'BWR plant. The dimensions of the reactor building are

8mx8m ‘in plan .and’ 10.5m in height. The turbine
building has a rectangular plan-6.4m in the north-south
direction, 10m in the east-west dlrec’aon, and 6.75m in
helght

- Figure- 1 is a photo of the DA and DF bulldmgs
We completed construction of the building models and
conducted vibration tests using an exciter under non-
embedded - conditions. ‘By mid-1998, all the modeled

buildings were embedded. The forced vibration tests of - -
. the building models under the embedment condition
. will be conducted in fiscal 1999. We ‘are currently

" conducting earthquake observatlons with these -test

809
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Simulation. analyses of forced’}ribration, tests of the
two different buildings without embedment were

perfonned using a soil model obtained by the site soil.

survey. The results were compared quantitatively

with the test results to leam liow to simulate the DCI .

effect. - : »
Figure 12 shows the analytlcal model used for the

simulation. Table 2 shows the characteristics of the soil .

~ model used in the final step of the simulation. The
analytical models of the two diffefent buildings consist
of rigid, solid elements without mass for foundations
- and multi-lumped mass sticks standing on the center of
the foundations for upper structures. The foundation of
- the reactor building model is embedded 1m in the soil.

* Therefore, both foundations and the soil in the vicinity -
. of the modeled buildings were modeled as a unity in

the three-dimensional FEM. The model of the soil
underneath the buildings was treated separately as
_horizontally layered soil. - The analysis was carried
out using the “three dimensional thin-layered element
. method.” The soil model has a viscous boundary at the
_bottom.

" The arialyses were performed in. the folloWiog _tllre_e' '
steps. First, we ignored the cut soil for modeling the -
SSI system.. With this model, we . obtained an . -

earthquake response with a dominant peak of a lower
frequency and a larger amplitude, compared ‘to .test
resuits. Therefore, in the second step, the cut soil was

. introduced into the soil model to add that effect on the

- earthquake response of the buildings. As a result, the

analytioal model produced improved results, compared |

- 'with the tests of the reactor building model. Howe\ier,
- the peak frequency of the turbine model was higher

" than that of the test result. Surface seismic prospecting -
* had been performed on the test: Tocation, -and. relaxation.

had been discovered in the soil undemeath the model
building model, -softening the soil. Therefore, this

relaxation of the soil was introduced to the surface of -
the soil model in the final step. The analytical results

produced by the final model, which included the cut
soil and the relaxation undemeath the modeled
building, agreed well with the test results for the two
drfferent bulldmgs (F xgs l3(a) and (b))

3.2 SIMULATION ANALYSIS OF EARTHQUAKE
RESPQNSE

Simulation analysis of the condition involving two
different adjacent buildings based on the earthquake

observations of January 1998 was performed using the
analytical model including the cut soil and the relaxation

in the soil underneath the. buildings. The seismic

_have been carried out contmuously
accumulated data ‘on 26 -earthquake events -with &
" maximim observed free’ field acceleratron in excess of

_motion to be applied to the model was calculated from

the free field observation data by single-dimension wave
propagation anal'ysis The soil characteristics used for
the analysis and the location of the free field
observations are shown in Table 3 and Figure 14,
respectively. Comparison between the observed and
calculated free field acceleration time histories is shown
in Figure 15, The calculated acceleration time histories
agree well with the comresponding observed time
histories. Therefore, our method of wave propagatxon
analysis was confirmed. :
Based on these results, earthquake response analyses of
the model buildings were carried. out by applying the.
calculated motion.  The analyses were performed in the

'three steps of the model shown in the prevrous section.
" Acceleration - response spectra for a ma_)or part of the -

building response are ‘shown . in Figure 16, wnth the
observation results superimposed.

As the figure shows, even model 3, which produced the
best simulation of the corresponding vibration test results .

. described in the previous section, left much to be desired.
" Judging from the. ‘comparison of these simulations, we

attribute  the unsatisfactory results primarily to the
evaluation of the input.motions applied in the analytical
model.
to be applied to the SSI model to be a serious remammg
problem. :

4. CONCLUDING REMARKS

NUPEC has conducted three SSI model tests in senes .
to study the Sorl-Structure-lnteractlon effect. In.the
tests, earthquake observations and forced vxbratxon tests
To .date, we have

10 Gal. Two_of these drsplayed maxlmum acceleratxons
of over.100 Gal

~ Using this test data, ‘NUPEC has performed srmulatlon .

analyses to confirm the adequacy of current earthquake,
response analyses. The simulation analyses for the

" forced vibration tests using soil springs derived from soil

surveys glve results that agree reasonably well with the -
test results. : - ‘
However, the s1mulatlon analyses for earthquake
observations did not give such satisfactory results. The'
problematic factors include uncertainties in soil
structires beneath the building, vibration damping in the -
soil, variation in the frequencies of. observed earthquak_e
-ground -motions, and so on. However, thorough

* information related to all of these items can make -

‘analytical modeling too complicated to be practical.

‘Naturally, some rationalization for the analytical model,

810 |

“ Thus, we consider the evaluation of the motlon' '



pamcularly for the model to be used in design analyses-
is required. NUPEC intends to continue its effort to’

develop rational modeling: methodology for determining
the seismic input motion to be applied to the analytical
SSI model.
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Model B W:th Embedment

Fxg 4 Snap Shots of F 1eld Test Models
(Model Test on Embedment Effect of Reactor Building) .
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Table 2 Characteristics of an}alyticalisoil mode_l

: surface Joose strutu

frayer|  geptn .':;C'E:ess1' ¥ Poisson's | density | “P*E'NE
yer P factor
Ho. [ : {(a/sec) ratio . (t/n) A
: e o N
1] ao~20 " 20 155.0 | 0.20 64 | 5.0
2 20~00] 2o | 2s0 035 - | 1as | sa
3| oo~ss.] s 5.0 | o.445 170 50
4 | s.5~35.0 .5 510.0 -6.450 2.05 2.0
5 '9.0~21,2. 1,2 110.0 0.400 - 2.15 .. 2.8
6 f2r2~n.0| 98 | 2000 0300 | 225 | 2.0
L 30~ ‘semi~inginite soil (Layer Ro, )
‘note) Damping factor was caiculated tros ¢ Value. (Q=Vs/15, h=172Q)

n(t=0. 5) :Vsi50n/sec, v=0.2
4=1.70t/m , h=b% ;

(b) Pat of 3 dimensional FEM miodel - -~
ngs Model (without embedment)
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‘Table 3  Soil Characteristics of the New Frée Field

: @-.5

Results of soil survey - One dimensional wave
Layer | - . ' D ___propagation model
No. G .| Vs " h Thickness Vs - - h
| (1) (nvs) (%) (m) (m/s) . (%)
@1 1 1.57 140 5.4 30 140 [
@2 ? 2 1.70 210 3.6 38 250 _
31 {178 430 3.6 5.0 420 10
' @3 32 1.78 430 1.7 |35 = 530
@ 4 211 1200 0.6 9.7 | 1210
-5 -1 226 | 159 - 05 | . 260 C 1620 |
Free Field Series
q0-1
oGl =0

A -GL-30 (X.Y.D)

. : o“ -

%3 Gy’ .-piT) L5
| ID-26L- s8Iy L] 3 i GLEZTS(XYZ | : ot
) @4'&-27.9 xyzrt - |- o _ Location D AN -

T

X

39000 _

Location B.

_ Location A

'-:"_'5'-,_"“.?.‘—‘."-"" _ h R

' Fig14 Location of the Free Field and Array of Accelerometers
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SESSION 5 - FORMULATION OF WQRKSHOP CONCLUSIONS

]

823 -






Commehts oh Some
_ Engineering Characterization of

‘Seismic Input ISsues

Structural Mechanics Consiﬂting ;

18971 Villa Terrace, Yorba Linda, CA 92886
714 777-2163 © 714 777-8299 (Fax)
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Response Spectra Shapes

e Site Spec1fic Response Spectra Developed In Recent o
- Research Studies For Central & Eastern U.S. Rock Sites
Have Very Different Shapes Than Those We Have
Traditionally Used in Design of Nuclear Facilities

~ ee Much Mo'r'e‘High Frequency Content |
"¢ Much Less Low Frequency Content -

SN .-~{-,lf-f'

] B o i S
. P [N . L L N
L S RER IR
of RS S R S - —t ~--z—ﬂ—ﬁ b -
T R R A U R R

:r j?;ﬁjgyﬁ;gflr;l$§\ mx\e

'R'SA(SE

| . Sam_e Si_tnation Exists In Lower SeiSmic Regions_of Europe ,‘ N |

S 8%



, EngA ineering Signiﬁcanc_e

o Based on California and Japanese Earthquake Experience, It Has
Been My Opinion That It Is Preferable To Design Heavy Industrial
" Facility And Nuclear Facility Structures To Be Fairly Stiff (Yet
" Ductile) To Protect Components Mounted Therein. Also One Should
Avoid Use of Unremforced Masonry Walls And Should Anchor
Eqmpment -

: ° However, Based On CEUS Rock Spectrum Shape

oo Should Desngn Structures To Be Flexnble (Low }
- Frequency). Spectral Acceleration Input At 2HzlIs Only
A Small Fraction of 10 Hz Input

ee No Need To Anchor Equipment And No Need To
Laterally Support Piping o ;
' Should Definitely Avoid Stiffly Restralmng Plpmg In
: Structures On Rock Sites :
. ee Unreinforced Masonry OK

o Questions

ee Do We Really_ Believe We Should Change Design_ |
- Practice As Much As Noted Above =~
oo Maybe California and Japanese Experience Is Not

" Applicable to CEUS and Europe Rock Sites and These | S

" Changes Could Be Made
" e Do We Want To Take The Risk That Low. Frequency
~Content Ground Motion Won't Occur -
e If Not, What Should We Do To Guard Agamst Future
Designs Which Take Excessive Advantage of These |
| ,Modern Site Speclfic Spectra Shapes

. We Need More Dlalog Between Ground Motlon Experts And Desngn -
Engineers On These Issues - _

e 1 Questlon Whether A Lot of Attention Has Been Focused On How

Much Designs Might Change For Plants On Rock Sites If Desngn ; |
- Response Spectra Are Changed Thls Much L

827



 Example

Sliding Displacement for Unanchored Stiff Equipment_ |

Displacement |
|RGI60. | 29
|LLNLO3 | . 03
|CEUS Rock | -~ 02

*LLNL93 & CEUS Rock Response Spectra Have Negligible =

. Low Frequency Spectral Displacement Content Compared To

. R.G.1.60 Response Spectrum | When Each Are Anchored To the ‘
| Same Spectral Acceleratlon At 7.5 Hz ; L

. 828



Rfsk Based . -
" Risk Consistent " Seismic Design Criteria |
" Risk Informed |

e The DeVelopment of Risk Consistent Design Response
- Spectra Was Presented By Robin McGulre At ThlS
Workshop . ‘

e The Overall Toplc Was Also Presented By Myself In:
Development of Risk-Based Seismic Design Criterion |
OECD-NEA Workshop on Seismic Risk |
Tokyo, Japan, 10-12 August 1999 .

e 1 Wish to Emphas1ze That The Development Of A Risk

‘Based Seismic Design Criterion Is A Four-Step Process Of .
‘Which The Development Of A Design Response SpectrumIs

Only One Part. We Need To Work On The Other Parts As
Well : : |

829



e Step #1:

-Preferably: |

Required Steps

Define Target Seismic Risk Goal Pgr to Be
Achieved By Seismic Design Criterion

" Define in Terms of Mean Median, or 85'% |
_NEP Annual Frequency of Unacceptable

o 'Selsmlc Performance

4’ " Example:

o 'Step #

 Prr=Mean 1x 10°

Establish Seismic Hazard EXceedance __
- Frequency Hj, At Which Uniform Hazard =
'Response Spectrum UHRS is to be Defined

HD RP *PFT

o . Rp Probablhty Ratlo o

S f'lpféfeféblyii =

o Ree()mmend:

Basis:

) ‘Eielrlplet .

2 <RP<20 ‘. .
RP— 10

| .'Reasonably Cons1stent Wlth Current
De51gn Practlce | - :

HD = Mean 1 X 10‘4

830



oStepﬁ#g,-' | S
S - Establish the Required Degree of
Conservatism of Deterministic Seismic
Acceptance Criterion

Definitions: | -
DRS = Des1gn Basis Earthquake Response
o Spectrum (Umform Risk Spectrum)

. Cyo = ‘-1% Probablhty of Failure Selsmlc Capacnty.
" (ACLPF Capacity)

: FI _ AReqlll.l'ed Selsmlc Margin Facfor. :

_Recommend:. :

| Selsmlc Mar \rgin Factor F; for Structure, Svstem, or

Component (SSQ)

] “SSC Category F ]
| Independent SSCs in Redundant 1.0'
‘Success Paths = | '

- |' SSCs Whose Failure Leads o 1.2

| Directly To Damage State y
| Widely Dlspersed Dlstrlbutlon 1.5
‘Systems TP R &

| Basis . Reasonably Consxstent With Current Design
- Practice, Plus Defines the Required Design .
" Conservatism Consistent With Importance of SSC

~ Failure on Damage State

. 831



o Step#4 |
) | Define Design Basis Earthquake Response ,

Spectrum DRS -
DRS DF * UHRS
DF =‘Design Facto_r

DF Functlon of

L] Probablhty Ratlo Rp Defined in Step #2 |
L Selsmlc Margin Factor Fy Defined in Step #3
L Hazard Curve Slope Ratio A S

AR Ratio of Ground Motlons Correspondmg to .
B Tenf-Fold_Reductlon in ' Exceedance Frequency' L

| AR' Differs at Each Natural Frequeney L

Recommend:

SA '
A-R 01HD o

'DF = Maximum (DF1Q DFz) ' .~ | o
- DF=10 o R O N
 DF,=0.65A%® | s RS

832



| 1mportént To Keep In Mind That The Design Facfor DF Is A
- Function Of The Probability Ratio Goal RP and The Seismic
| Margm Factor FI

| Design Factor DF= Maximum (DF;, DF;)

~ My | McGuire .
| . | Example | Example |
F 1.0 1.67
DF, | 10 | 07
DR | 065l | 035AR |

"« Power on Slope Ratio A Is A function Of Re Goal
e Constant Factors Are A Function Of Both Ry And F, | -
' oo We Cannot Finalize A Dec1s1on On A Risk

. Consistent Design Response Spectrum Without
Decisions Being Made Concerning The Desnred

N Probability Ratio Goal Rp. And The Reqmred Degrce o

Of Conservatlsm In Our Determmlstlc Selsmlc |
o Acceptance Cntena, i. e., FI -

'_'833



" Annual Frequency of Exceedance

1 T UTHT0L 1 lTH"I’[ o TV

_10'-710."6- 10?.5 10-4  1()¥3 10-2 .1-0.1 |

NO"mELhZCd 10 Hz Spectral Acccleratxon

Normahzed 1 Hz Hazard Curves

® = UKsite
EUS gites - .
- - - < - Celifornis site
e— . — - YWashington Kte R d ‘
10-1 " B 10t

s T .t & v} ' "

g UK site

| Ahﬁual Frcqmléiiéy of ﬁiccédz’ince |
10706 105 10+ 103 102 101

—- l EUS E:-bv ’ ’ R .
T - Celifornie 8t~ _ ~ - '
Ve et -V as....ngton e L \\
101 2 - 10

'»I'\’o»rmalizsd 1 Hz ‘Sps-ctral Acc.eleration

" Figure 1: Seismic Hazard Curves N
~ Acceleratlon Value Correspondmo toa

834} |

ormahzed By the Spectral - :
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For Hp = Mean 1x10™*

Calif. Site: ~ Ag =15 t0 2.25
EUS Site: = Ag=2.25t04.0
UK Site:  Ag=2.0t03.0

| Design Factors DF For Various
 Seismic Hazard Slope Factors AB o

" DF

Ar | My‘ | McGuire | Ratio. ;

-f Example | Example -
1.5 1 07 0.70 |

1.75 | 1.02 0.7 0.69

2 | 113 | o080 | 071 |

2.25 1.24 093 | 0.75

25 | 135 | 105 | 0.78 |

1275 1.46 118 - | 0.81

3 | 157 | 131 | 083

" [325 | 167 | 144 | 0.86

35 | 177 | 157 | 0.89 |

375 | 187 | 171 | 091

4 | 197 | 18 |-094

1425 1 207 1. 199 1096 |

a5 | 217 | 213 | 098

. 475 | 226 | 227 | 100

236, | 241 | 1.02 |

525 | 245 | 256 | 1.04

5.5 2.54 271 - 1.07_

5.75, 2.63 286 | 1.09-

o6 | 273 | 300 | 110 |
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~ Risk Based Seisnli_c ’Desiganiterion
Conclusions

Starts With Appropnately Defined Probablhstlc Based
" Uniform Hazard Response Spectra (UHRS)

However, to Obtain Risk Consistency, Thls UHRS Must Be
' Converted Into A DeS1gn Response Spectrum (DRS) |

DRS DF*UTIRS

- .The Final Selectlon Of Tlus Desngn Factor DF Depends
Upon Defimng | |

1) Desired Probablhty Ratlo Rp

2) Required Degree of Conservatism of Determlmstlc: o

- Seismic Acceptance Cntenon F;

Prlmanly A Regulatory Body Responsnblhty to Define RP ,
' and FI ' L . .
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Conclusions and recommendations

CON CLUSION S

1). There have been lar ge 1mprovements in the knowledge of seismic input since the present
 -stations were desrgned and the current regulations were formulated.

2) Sever al countrres and the IAEA are revising their regulat1ons and standards currently, $O
: contmued 1nternatlonal 1nteract10ns on thxs toprc is essent1al

3) -'Trends in these revisions are: : :
= increased emphasis on probabrhstlc seismic hazard analyses
- increased emphasis on parallel use of both determmlstrc and probab1hst1c
seismic hazard assessment -
— increased emphasrs on risk informed methods
—. _ the use of site specific response spectra and uniform hazard spectra and also
other descriptions of ground motion by scenario type earthquakes (eg duration,
‘ energy content, etc. )
= incorporation of new data (eg, Kobe Northr1dge Turkey .."):
. .~ 'incorporation of Global Positioning System and palaeose1smologlcal ‘methods
—  increased treatment and acknowledgement of uncertainties :

RECOMMENDATIONS '

1) There should be a wider dialogue between desrgn engrneers and- ground motion
'specrallsts :

2 The new 1deas challenge establrshed concepts of seismic design reSponse spectra ,
= 1mplrcat10ns of these changes on new desrgns and on the evaluatlon of existing
~ plants. should be considered; .
" - the difference in engineering between response spectra deﬁned on sorl surface
’ and rock surface should be discussed. '

3) We recommend that‘the various methods for ground motion estimation (empirical
' methods Emplrrcal Greens Function, numerical, etc) be validated: '
' '— validation against the data both in low and high seismic (including near field)
.areas not only for peak values but also for other parameters such as spectral
' responses, energy content, and duration should be done;
~ validation process, including the cons1deratron of uncertainties, should be
developed;.’ :
- consrderatron should be given to mternatlonal benchmarks

-4) Data collection is a critical common need not uniquely nuclear. It is therefore

_ recommended that ]
- dissemination of data be 1mproved and that data should: be made freely avarlable

 the quality (for example site conditions) and format of data be improved and -
-standardised,; :

more data be collected in low seismic areas; -

the nuclear industry supports existing data collecting efforts

|
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5)- We recommend that site characterlsatlon issues be resolved:
— choice of 1nterdlsc1plmary mterfaces (earth science and engmeermg 1nterfaces -
location of input motion, local site conditions, etc.);
effect of topography; ‘
hard rock versus soft rock and deep versus shallow soil sites amplification issues;
effects of source mechanism, source location, travel path, and local superficial
geology, and geotechnical conditions with respect to the site
application of scahng factors
equivalent linear Versus non- llnear analy51s
characterisation of uncertamt1es

|

6) We recommend that methods for transfemng data from hlgh seismic. areas to low se1srmc
areas (eg hybrld methods) be vahdated and 1mproved S

7) There is a need for better understandlng and defmltlon of vertlcal motions.

8) The regulations need to be robust and flexible to incorporate new information.
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COMMENTS BY THE IAGE SUB-GROUP ON SEISMIC BEHAVIOR

. The sub group endorsed the conclusions and recommendations proposed by the Organizing
~ Committee of the workshop with the following comments: S

"- The sub group considered the workshop was fruitful due to the dialogue that was made .
possible between design engineers and ground motion specialists. The sub group observed that . -
_outcomes of the workshop addressed mainly issues related to source attenuation and site effects.
- and a better descnpuon of real’ ground motron as opposed toa ground response de31gn spectrum S

- The sub group- recommended that similar ‘workshop be organized in the near future $0asto
develop the above mentloned dialogue between design engineers and ground motion specialists.

- The sub group recommended that the descnptlon of the seismic input shape appropnate for -
design purpose be addressed at the next workshop along with how this input’ should be used in thel

design process
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