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1. INITIAL ENTRIES

Scientific Note Book: # 837E

Issued to: Fernando Ferrante (Initials: FF)

Issue Date: December 11, 2006

Project Title: Seismic Fragility Analyses of Structures, Systems and
Components

Project Staff: Fernando Ferrante (CNWRA), Luis Ibarra (CNWRA), Bis

Dasgupta (CNWRA)

By agreement with the CNWRA QA, this notebook is to be printed every six months. This
computerized Scientific Notebook is intended to address the criteria of CNWRA QAP-001.

Qualification requirements for this project are: structural analysis, understanding of
structural material behavior (concrete and steel), finite element analysis, regulatory analysis
pertaining to 10 CFR Part 63, non-linear structural analysis, seismic analysis, probabilistic
analysis and structural reliability.

[Fernando Ferrante, December 11, 2006]

1.1 Objectives

To assess the different seismic methodologies for evaluating performance of GROA structural
facilities. This will be supported by a literature review identifying (i) seismic methodologies
applied to the nuclear industry and to civil infrastructure, (ii) methods used in the nonlinear
structural analyses of reinforced concrete structures, (iii) seismic fragilities used for reinforced
concrete structures, and (iv) effects of soil-structure interaction on rigid structural systems.

The implementation of a performance based approach is part of the objective of the analysis to
be documented in this Scientific Notebook. This approach will be considered in the context of
performance based methodologies such as Seismic Margin Methodology (SMA) and Seismic
Probabilistic Risk Assessment (SPRA).

Model of structural components and/or systems will be developed and seismic hazard data will
be incorporated to perform the application of the approach to (i) single-degree-of-freedom
(SDOF) systems and (ii) multi-degree-of-freedom (MDOF) structural systems.

As part of the probabilistic aspect of the analysis, the development of fragility curves will be
derived through the coupling of the structural model described above with Monte Carlo
simulation capabilities and evaluation of the statistical results. Ultimately, these results will be
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compared to existing specific methodologies to assess seismic performance, under SMA and
SPRA, such as the Conservative Deterministic Failure Marginal (CDFM) method to compute the
High Confidence of Low Probability of Failure (HCLPF) capacity.

[Fernando Ferrante, December 12, 2006]

1.2 Computers and Computer Codes

MATLAB (Version 7.1.0.246 R14 Service Pack3, License Number 301039) is used to generate
random numbers and perform supporting calculations. MATLAB is a general purpose
programming environment, developed by MathWorks, suitable for the calculations required in
this project. MATLAB'’s plotting capabilities will also be used to present results. MathCad,
developed by MathSoft (Version 2000 Professional) may also be used to check simple
calculations, if deemed necessary. SAP2000 Advanced Version 10.1.1 will be used to perform
any structural analysis in this project. This current version of SAP2000 is not under control at
this point in time and will not be used until this task is performed. The structural software SASSI
may also be used to evaluate dynamic effects on the structural performance. SASSI is not
currently validated and will also not be used for regulatory analysis until this task is performed.

Table 1-1. Computers, operating systems, and compilers used.

" Machine Name Machine Type Operating System Compiler Location

" GRIFFON PC Desktop Windows 2000 Intel Pentium | Bldg. 61

[Fernando Ferrante, December 12, 2006]
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2. IN-PROCESS ENTRIES

2.1 Development of Fragility Curve Statistics

MATLAB code was developed to exemplify statistics commonly used in fragility curves (mean,
median, 5" and 95" percentile curves). The fragility model commonly used is the double
lognormal format, where the conditional probability of failure (i.e. fragility) is expressed in terms
of 3 parameters: median peak ground acceleration (MPGA) Ay, and logarithmic standard
deviation representing uncertainty and randomness, B, and B.. This is equivalent to a random
variable obtained by multiplying the median value by two lognormal random variables ¢, and ¢,
with unit median and logarithmic standard deviations B, and B,. (i.e. resulting in a lognormal
random variable with median A, and log standard deviation B.> = B2 + B/, by the properties of
the product of lognormal random variables).

In this model, uncertainty refers to model or epistemic uncertainty, while randomness refers to
systemic uncertainty. The equations commonly used in literature to obtain mean, median, 5
and 95™ percentile curves can be derived from first principles. Alternatively, a Monte Carlo
simulation where a lognormal distribution with a lognormal random median value can be used to
show convergence to these equations.

The values shown below are taken from the manual for the US NRC short course taught by R.
P. Kennedy “Seismic PRA Fragilities” on October, 2001 [1]. The plot on the right shows how the
spread of the fragility curves compared to the 95"/5™ percentiles, mean and median (all in black
lines) for samples (red lines) obtained through simulation. The plot on the left indicates the
corresponding sampled median values, where Ag =LN(0.75 g, Bu), Bu=0.38 and B, = 0.37.

Figure 1: Simulated Fragility Curves
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The second plot shows the convergence for the mean, median, 5™ and 95" percentile curves by
comparing the theoretical curves and the statistics obtained from 200 sampled curves using the
same input values as above.

Figure 2: Simulated versus Derived Fragility Curves
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The MATLAB routines for the two plots above are shown below, ‘fragility1.m’ and ‘fragility.m’
respectively.

Fragility1.m

clear all

% Median Ground Acceleration
Agm = 0.75;

% Log Standard Deviation for Uncertainty
Bu = 0.38;

% Log Standard Deviation for Randomness
Br = 0.37;

% Combined Log Standard Deviation
Bc = sqgrt(Bu”™2 + Br’2);

% Ground Acceleration Range
Ag = 0:0.01:1.6;

figure;

o

% MC Simulation of fragility curves based on median randomness
for i = 1:200;
% Simulate median value for ground acceleration
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Agms = lognrnd(log(Agm),Bu,1,1);
subplot (1,2,1);
plot ( [Agms Agms], [0 lognpdf (Agms,log(Agm),Bu)]l, 'r') ;hold on
% Obtain probability of failure for simulated median value
subplot (1,2,2);

Pfs (i, :) = logncdf (Ag, log(Agms) ,hBr) ;
% Plot simulated probability of failure
plot (Ag,Pfs(i,:), 'r') ;hold on

end

subplot (1,2,1);

Mpdf = lognpdf (Ag, log(Agm),Bu) ;

plot (Ag,Mpdf, 'k-', 'LineWidth', 2) ;hold on;

xlabel ('Median Peak Ground Acceleration A g', 'FontSize',12)
ylabel ('Probability Density Function', 'FontSize',12)
axis([0.1 1.6 0 2])

axis square

subplot(1,2,2);

% Plot Median, Mean (best estimate) and 5th/95th percentile Probability of
% Failure obtained from theory

Pfm = logncdf (Ag, log (Agm),Br) ;

Pfe = logncdf (Ag, log(Agm) ,Bc) ;

Pf95 = logncdf (Ag, log (Agm*exp (-norminv (0.95) *Bu) ) ,Br) ;

Pf5 = logncdf (Ag, log (Agm*exp (-norminv(0.05) *Bu) ) ,Br) ;
plot (Ag,Pfm, 'k-', 'LineWidth',2) ;hold on;

plot (Ag, Pfe, 'k-', 'LineWidth',2)

plot (Ag, P£f5, 'k-', 'Linewidth', 2)

plot (Ag,P£95, 'k-', 'LineWidth', 2)

xlabel ('Peak Ground Acceleration', 'FontSize',12)

ylabel ('Conditional Frequency of Failure P_f', 'FontSize',12)
axis([0.1 1.6 0 11)

axis square

Fragility.m

clear all

% Median Ground Acceleration

Agm = 0.75;

% Log Standard Deviation for Uncertainty
Bu = 0.38;

% Log Standard Deviation for Randomness
Br = 0.37;

% Combined Log Standard Deviation
Bc = sgrt(Bu”™2 + Br’2);

% Ground Acceleration Range
Ag = 0:0.01:1.6;

% Plot Median, Mean (best estimate) and 5th/95th percentile Probability of
% Failure obtained from theory

Pfm = logncdf (Ag, log (Agm) ,Br) ;

Pfe = logncdf (Ag,log(Agm),Bc) ;

Pf95 = logncdf (Ag, log (Agm*exp (-norminv (0.95) *Bu) ) ,Br) ;

Pf5 = logncdf (Ag, log (Agm*exp (-norminv (0.05) *Bu) ), Br) ;

figure

plot (Ag,Pfm, '--', 'LinewWidth', 2) ;hold on;

plot (Ag, Pfe, 'r--', 'LineWidth', 2)

plot (Ag,P£f5, 'g--', 'LineWwidth', 2)

plot (Ag,P£95, 'k--', 'Linewidth',2)

xlabel ('Peak Ground Acceleration', 'FontSize',12)

ylabel ('Conditional Frequency of Failure (P_f)', 'FontSize',12)

axis ([0 1.6 0 11)
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% MC Simulation of fragility curves based on median randomness
for i = 1:1000;
% Simulate median value for ground acceleration
Agms = lognrnd(log(Agm) ,Bu,1,1);
% Obtain probability of failure for simulated median value

Pfs (i, :) = logncdf (Ag, log(Agms) ,Br) ;
% Plot simulated probability of failure
$plot (Ag,Pfs(i,:),'xr');

end

% Plot mean, median and 5th/95th percentile fragility curve obtained from
% simulation

plot (Ag,median(Pfs), '-', 'Linewidth', 1)

plot (Ag,mean (Pfs), 'r-', 'LineWidth', 1)

Pf5s = prctile(Pfs,5,1);

plot (Ag,Pf5s, 'g-', 'LineWwidth', 1)

Pf95s = prctile(Pfs,95,1);

plot (Ag,Pf95s, 'k-', 'LineWidth', 1)

legend('Median', 'Mean', '5*{th}', '95*{th}', 'Median Sim', 'Mean Sim', '5*{th} Sim', '95"{th}

[Fernando Ferrante, December 11, 2006]

Sim')
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2.2 Development of Fragility Curve Statistics (Continued)

The statistics of fragility curves include the median, mean, 1% and 5% of those described
previously. The so-called High Confidence of Low Probability of Failure (HCLPF) value is
defined as the 95% confidence of less than 1% probability of failure (i.e. 1% percentile of the 95"
percentile fragility curve). This value used to correspond to the 5% probability of failure and was
changed to 1% in recent probabilistic seismic analysis studies.

The MATLAB routine fragility2.m’ calculates all these statistics for the mean, median, 5" and
95™ percentile curves. Figure 3 shows the mean and median for the median, mean and 5" and
95" percentile curves using the same input parameters from the previous entry. Figure 4
shows the tail of the family of fragilities with the 1% and 5% probability of failure for median,
mean and 95" percentile curves (where the last case corresponds to HCLPF values with 1%
and 5%).

In Figure 3, the median values are the same for both the median curve and the mean (i.e. best
estimate curves). However their mean values differ since they have dissimilar log standard
deviations B. and B,. In Figure 4, the HCLPF value at 5% corresponds to the 1% probability of
failure for the mean curve.

Figure 3: Fragility Curve Statistics
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Figure 4: Fragility Curve Statistics (Detail)
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Fragility2.m

clear all
% Median Ground Acceleration

Agm = 0.75;

% Log Standard Deviation for Uncertainty
Bu = 0.38;

% Log Standard Deviation for Randomness
Br = 0.37;

% Combined Log Standard Deviation

Bc = sgrt (Bu®2 + Br*2);

% Mean Ground Acceleration corresponding to Median
Agmean = Agm*exp (0.5*Br”*2) ;

Ag_1 = Agm*exp (-norminv (0.99) *Br) ;

Ag 5 = Agm*exp (-norminv (0.95) *Br) ;

% Mean and 1% Ground Acceleration corresponding to Mean
Agmean_mean = Agm*exp (0.5*Bc™2) ;

Agmean_1 = Agm*exp (-norminv (0.99) *Bc) ;

Agmean_5 = Agm*exp (-norminv (0.95) *Bc) ;

% Median, Mean and 1% of 5th percentile curve

Ag5_m = (Agm*exp (-norminv(0.05) *Bu)) ;
Ag5_mean = Ag5_m*exp (0.5*Br’2) ;

Ag5_1 = (Ag5_m*exp (-norminv (0.99)*Br)) ;
Ag5_5 = (Ag5_m*exp (-norminv(0.95)*Br)) ;

% Median, Mean, of 5th percentile curve
Ag95_m = (Agm*exp (-norminv(0.95)*Bu)) ;
Ag95_mean = Ag95_m*exp (0.5*Br*2) ;

Ag95_1 = (Ag95_m*exp (-norminv (0.99) *Br)) ;
Ag95_5 = (Ag95_m*exp (-norminv (0.95) *Br)) ;

% Ground Acceleration Range
Ag = 0:0.01:1.6;
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% Plot Median, Mean (best estimate) and 5th/95th percentile Probability of
% Failure obtained from theory

Pfm = logncdf (Ag, log(Agm) ,Br) ;

Pfe = logncdf (Ag, log(Agm),Bc) ;

P£95 = logncdf (Ag,log (Ag95 m),Br) ;

Pf5 = logncdf (Ag,log(Ag5_m),Br) ;

figure

plot (Ag, Pfm, '-', 'LineWidth',2) ;hold on;

plot ([Agm Agm], [0 logncdf (Agm,log(Agm),Br)],'--"', 'LineWidth',2);
plot ( [Agmean Agmean], [0 logncdf (Agmean,log(Agm),Br)],'-.', 'LineWidth',2);

plot (Ag, Pfe, 'r-', 'LineWidth',2)
plot ([Agm Agm], [0 logncdf (Agm,log(Agm),Bc)], 'r--', 'LineWwidth',2);
plot ([Agmean_mean Agmean mean], [0 logncdf (Agmean mean,log(Agm),Bc)], 'r-.', 'LineWidth',2);

plot (Ag,Pf5, 'g-', 'LineWidth',2)
plot ([Ag5_m Ag5_m], [0 logncdf (Ag5_m,log(Ag5_m),Br)], 'g--', 'Linewidth',2);
plot ([Ag5_mean Ag5_mean], [0 logncdf (Ag5_mean,log(Ag5_m),Br)], 'g-.', 'Linewidth',2);

plot (Ag,Pf95, 'k-', 'LineWidth',2)

plot ([Ag95_m Ag95_m], [0 logncdf (Ag95_m,log(Ag95_m),Br)], 'k--', 'LineWidth',2);

plot ([Ag95_mean Ag95_mean], [0 logncdf (Ag95_mean, log (Ag95_m),Br)], 'k-.', 'Linewidth',2);
xlabel ('Peak Ground Acceleration', 'FontSize',12)

ylabel ('Conditional Frequency of Failure (P_f)', 'FontSize',12)

axis ([0 1.6 0 1])

grid on

legend('Median Curve', 'Median of Median Curve', 'Mean of Median Curve', ...
'Mean Curve', 'Median of Mean Curve', 'Mean of Mean Curve', ...
'5*{th} Curve', 'Median of 5”{th} Curve', 'Mean of 5*{th} Curve',...
'95*{th} Curve', 'Median of 95"{th} Curve', 'Mean of 95"{th} Curve');

figure
plot (Ag, Pfm, '-', 'LineWidth',2) ;hold on;

plot ([Ag_1 Ag 1], [0 logncdf (Ag_1,log(Agm),Br)],':', 'LineWwidth',1);
plot ([Ag_5 Ag 51, [0 logncdf (Ag 5,log(Agm),Br)],'-', 'LineWidth', 1) ;

plot (Ag, Pfe, 'r-', 'LineWidth',2)

plot ([Agmean_ 1 Agmean_ 1], [0 logncdf (Agmean 1,log(Agm),Bc)],'r:', 'LineWidth',1);
plot ([Agmean_ 5 Agmean 5], [0 logncdf (Agmean 5,log(Agm),Bc)], 'r-', 'LineWidth',1);
plot (Ag,Pf5, 'g-', 'LineWidth',2)

plot ([Ag5_1 Ag5_1], [0 logncdf (Ag5_1,log(Ag5_m),Br)],'g:', 'Linewidth',1);

plot ([Ag5_5 Ag5_5], [0 logncdf (Ag5_5,log(Ag5_m),Br)], 'g-', 'Linewidth',1);

plot (Ag,Pf95, 'k-', 'LineWidth',2)

plot ([Ag95_1 Ag95_1], [0 logncdf (Ag95_1,log(Ag95_m),Br)], 'k:', 'LineWwidth', 1) ;
plot ([Ag95_5 Ag95_5], [0 logncdf (Ag95_5,1log(Ag95_m),Br)], 'k-', 'LineWwidth', 1) ;

o

% This is repeated for vizualization purposes
plot ([Agmean 1 Agmean 1], [0 logncdf (Agmean_1,log(Agm) )1,
]

,Bc :', 'Linewidth',1) ;
plot ([Agmean 5 Agmean 5], [0 logncdf (Agmean_ 5, log(Agm),Bc)

'r
,'r-','LineWidth', 1) ;
xlabel ('Peak Ground Acceleration', 'FontSize',12)
ylabel ('Conditional Frequency of Failure (P_f)', 'FontSize',12)

axis([0.1 0.8 0 0.06])

legend('Median Curve','1l% of Median Curve', '5% of Median Curve', ...
'Mean Curve','l% of Mean Curve', '5% of Mean Curve', ...
'5*{th} Curve', '1% of 5*{th} Curve',b '5% of 5°{th} Curve',...
'95*{th} Curve', 'HCLPF_{1%}', 'HCLPF_{5%}');

[Fernando Ferrante, December 12, 2006]
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2.3 Numerical Interpolation of Hazard Exceedance Data from USGS

Numerical interpolation of hazard data was developed at the request of Biswaijit Dasgupta,
based on input described in the Scientific Notebook 799E [2] and shown in Table 2-1, along with
a plot in Figure5. Analysis was performed on this data using MATLAB to interpolate the 10 Hz
spectral acceleration corresponding to annual exceedance probabilities at 10, 10*, 10°, 10
and 107. The curve was then extended to obtain spectral acceleration for 10® and 10 annual
probability of exceedance.

Table 2-1. Seismic Hazard Data from USGS Website

Annggl Spectral
Probability of Acceleration (g)
Exceedence

9.432E-01 5.000E-03
8.389E-01 7.500E-03
6.906E-01 1.130E-02
5.194E-01 1.690E-02
3.528E-01 2.530E-02
2.147E-01 3.800E-02
1.164E-01 5.700E-02
5.632E-02 8.540E-02
2.527E-02 1.280E-01
1.136E-02 1.920E-01
5.468E-03 2.880E-01
2.783E-03 4.320E-01
1.356E-03 6.490E-01
5.447E-04 9.730E-01
1.520E-04 1.460E+00
2.582E-05 2.190E+00
2.172E-06 3.280E+00
5.663E-08 4.920E+00
0.000E+00 7.380E+00

The first step of the analysis was to perform basic fitting to the hazard curve as shown in Figure
6, using the routine ‘hazard_curve_interp.m’ (reproduced below). Three types of numerical
interpolation were performed on the logarithmic (base 10) of the data: polynomial, spline and
shape-preserving spline. The second step is to calculate values of Spectral Acceleration
corresponding to selected input values of Annual Probability of Exceedance. This can be done
in MATLAB by using the function ‘interp1’ as shown in ‘hazard_curve_interp.m’ for input values
of 10°, 10* 10°, 10° 107, 10® and 10°. By default, ‘interp1’ performs a second linear
interpolation on the data, which by being finely discretized (20,000 points for the range of
interest) includes a very small added approximation to the original interpolation. This avoids
having to invert the interpolated curves in order to represent the spectral acceleration as a
function of the annual probability of exceedence. The results of this second step are shown in
Table 2-2 and Figure 7.
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Figure 5. Plot of seismic hazard data in several scales
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Table 2-2. Spectral Acceleration interpolated values corresponding to selected Annual Probability of
Exceedance input values

Annual Probability Interpolated Spectral Acceleration Values (g)
of Exceedance
Polynomial (10th Order) Spline Shape-Preserving Spline
1.000E-03 7.528E-01 7.536E-01 7.526E-01
1.000E-04 1.629E+00 1.627E+00 1.628E+00
1.000E-05 2.598E+00 2.603E+00 2.602E+00
1.000E-06 3.633E+00 3.627E+00 3.625E+00
1.000E-07 4.670E+00 4.663E+00 4.655E+00
1.000E-08 5.657E+00 5.711E+00 5.773E+00
1.000E-09 6.574E+00 6.777E+00 7.044E+00
Figure 6. Basic Fitting to Hazard Curve
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Figure 7. Spectral Acceleration interpolated values corresponding to selected
Annual Probability of Exceedance input values
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File used to generate figures and interpolation:

‘hazard curve interp.m’:

clear all;

o

% Input data for General Atomics
data = [9.4320e-001 5.0000e-003

8.3890e-001 7.5000e-003
6.9060e-001 1.1300e-002
5.1940e-001 1.6900e-002
3.5280e-001 2.5300e-002
2.1470e-001 3.8000e-002
1.1640e-001 ©5.7000e-002
5.6320e-002 8.5400e-002
2.5270e-002 1.2800e-001
1.1360e-002 1.9200e-001
5.4680e-003 2.8800e-001
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2.7830e-003 4.3200e-001

1.3560e-003 6.4900e-001

5.4470e-004 9.7300e-001

1.5200e-004 1.4600e+000

2.5820e-005 2.1900e+000

2.1720e-006 3.2800e+000

5.6630e-008 4.9200e+000

0 7.3800e+000] ;

y = data(:,1);% This corresponds to Annual Probability of Exceedance
x = data(:,2);% This corresponds to Spectral Acceleration (g)
% Interpolate using spline
x = x(1:(length(x)-1));% Eliminate zero value
y = y(1:(length(y)-1));% Eliminate zero value
n = 10000;% Number of interpolated points

xxmin = min(x);xxmax = 8;% Limits of interpolated points
xx = xxmin: ( (xxmax-xxmin) /1000) :xxmax;

yys = 10.% (spline(logl0 (x),1ogl0 (y),1logl0 (xx))) ;

yyc = 10.% (pchip(logl0(x),1logl0 (y),logl0 (xx))) ;

p = polyfit(logl0(x),logl0(y),10);

yyp = 10.”" (polyval (p,1ogl0 (xx))) ;

% Interpolate for selected values

i =3:9;

ii = 10.%(-1);

xxs = interpl (yys,xx,ii);

xxc = interpl (yyc,xx,ii);
(

xxp = interpl (yyp,xx,ii);

% Comparison with other interpolating schemes
figure;

semilogy (xx,yys, 'b') ;hold on

semilogy (xx,yyc, 'm') ;hold on

semilogy (xx,yyp, 'g') ;hold on

semilogy (x,y, 'ro'")

xlabel ('Spectral Acceleration (g)', 'FontSize',18)
ylabel ('Annual Probability of Exceedance', 'FontSize',18)
grid on

axis square

title('Log-Linear Scale', 'FontSize',18)
legend('spline interpolation', 'shape-preserving spline','10”{th} order polynomial'’
axis ([5*%10"(-3) 8 10" (-11) 1])

axis square

% Plot interpolation for selected values
figure;

semilogy (xx,yys, 'b') ;hold on

semilogy (xx,yyc, 'm') ;hold on

semilogy (xx,yyp, 'g') ;hold on

semilogy (xxs,ii, 'bo'") ;hold on

semilogy (xxc,ii, 'mo') ;hold on

semilogy (xxp,ii, 'go') ;hold on

xlabel ('Spectral Acceleration (g)', 'FontSize',18)
ylabel ('Annual Probability of Exceedance', 'FontSize',18)
grid on

axis square

title('Log-Linear Scale', 'FontSize',18)

legend ('spline interpolation', 'shape-preserving spline','10”{th} order polynomial’
axis ([5*%10"(-3) 8 10" (-11) 1])

axis square

% Plot data and linear interpolation in several scales

subplot (2,2,1) $figure

loglog(x,y, 'r') ;hold on

loglog (x,y, 'ro")

xlabel ('Spectral Acceleration (g)', 'FontSize',18)
ylabel ('Annual Probability of Exceedance', 'FontSize',18)
grid on

axis square

, 'data') ;

)i
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title('Log-Log', 'FontSize',18)
legend('linear interpolation', 'data')
subplot (2,2,2) %$figure
plot (x,y,'r') ;hold on
plot(x,y, 'ro")

xlabel ('Spectral Acceleration (g)', 'FontSize',618)

ylabel ('Annual Probability of Exceedance', 'FontSize',18)
grid on

axis square

title('Linear-Linear', 'FontSize',18)

legend('linear interpolation', 'data')
subplot (2,2, 3) %$figure
semilogx(x,y, 'r') ;hold on
semilogx(x,y, 'ro'")

xlabel ('Spectral Acceleration (g)', 'FontSize',18)

ylabel ('Annual Probability of Exceedance', 'FontSize',18)
grid on

axis square

title('Linear y-scale, Log x-scale', 'FontSize',b18)

legend('linear interpolation', 'data’')
subplot (2,2,4) %$figure
semilogy(x,y, 'r') ;hold on
semilogy(x,y, 'ro'")

xlabel ('Spectral Acceleration (g)', 'FontSize',18)

ylabel ('Annual Probability of Exceedance', 'FontSize',18)
grid on

axis square

title('Linear x-scale, Log y-scale', 'FontSize',b18)

legend('linear interpolation', 'data’')

[Fernando Ferrante, March 1, 2007]

2.14 Closure of Scientific Notebook SN837E

This scientific notebook was provided to the cognizant manager Asad Chowdhury for closure on
June 12 2008; as required by QAP-01. MATLAB files are provided on a compact disk labeled
“Attachment to SN837E”.

[Fernando Ferrante, June 12, 2008]
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