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ABSTRACT

Liquefaction potential index (LPI) is an empirical parameter that
predicts the surface manifestation of liquefaction. In this study, the result of LPI
for two cities (Calamba and Cabuyao) of Laguna was evaluated due to historical
liquefaction occurrences attributed to earthquake events and volcanic
eruptions. These sites represented liquefiable and a non-liquefiable case. LPI
was validated through site-specific ground response analysis (GRA) using a
nonlinear soil model and using input motions based on the probabilistic
approach. Using SPT data from 22 locations, result of LPI reveals that the
borehole sites in Cabuyao City have a low to very high liquefaction potential,
while in Calamba City, the sites have a moderate to very high liquefaction
potential. The high potential for liquefaction in Calamba was affirmed through
ground response analysis. Further verification with empirical data is
recommended to determine the applicability and limitations of the procedure.

Keywords: Liquefaction Potential Index, Ground Response Analysis,
Probabilistic Seismic Hazard Analysis
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1. INTRODUCTION

Liquefaction is a phenomenon wherein soil materials
behave like liquid due to increased pore water pressure,
making the soil weaker or unable to support loads like
buildings. Soils have a natural tendency to densify when
shaken, forming a more consolidated soil orientation and
prohibiting water drainage. If the soil is saturated and an
undrained condition occurs during the shaking, the pore
water pressure rises. Once the pore water pressure
increases to an amount equal to the pressure exerted by
the soil above it, liquefaction will occur. This generally
happens in loose and cohesionless soil [1]. In the
Philippines, liquefaction was brought into public awareness
during the 16th July 1990 earthquake when extensive
liquefaction occurred in the provinces of Tarlac, Pangasinan,
and La Union [2]. Buildings, road networks, bridges, and
pipelines located in coastal areas are at risk of being
affected by liquefaction hazards [3].

Liquefaction and the accompanying effects commonly
occur at sites with particular geologic conditions and level
of seismicity [4]. Soils at certain sites are more prone to
liquefy than others based on their geologic and
geotechnical characteristics. This is referred to as
liquefaction susceptibility [1].

In addition to liquefaction susceptibility, another requisite
for liquefaction occurrence is the seismic condition that
favors the production of ground failure, termed as
liquefaction opportunity. This is closely related to the
seismic hazard in a certain area. Liquefaction opportunity is
dependent on the rate of occurrence of earthquakes that
produce certain levels of ground shaking enough to trigger
liquefaction in susceptible soils, and on the proximity of a
certain area to the earthquake source [5]. To quantify the
level of ground shaking, ground motions produced by
earthquakes are commonly described in terms of amplitude
parameters, frequency content, and duration [1].

The combined effects of liquefaction susceptibility and
liquefaction opportunity are captured in the term
liquefaction potential [5].

Liquefaction potential index (LPI) was developed by Iwasaki
et al. in 1978 to predict the surface manifestation of
liquefaction. This parameter was originally formulated
using SPT data from liquefied and non-liquefied sites in
Japan. Unlike the Simplified Procedure that evaluates
liquefaction potential for only a certain soil element, LPI
may be used to evaluate liquefaction potential for a soil
column up to a depth of 20m. The limiting depth of 20m
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was chosen because surface manifestation seldom happens
when liquefaction occurs at depths greater than 20m [6].

Seismic hazard analysis approach for ground shaking and
liquefaction can be either deterministic or probabilistic [1].
The deterministic approach considers the maximum
earthquake magnitude that may occur on a specific fault. It
is used in places where buildings are near major active
faults. On the contrary, the probabilistic approach considers
the likelihood of the occurrence of all the earthquakes at
different sources. This approach is especially useful for
mapping purposes [6].

Probabilistic seismic hazard analysis (PSHA) is a process of
obtaining a hazard curve, which gives information on the
likelihood that a parameter describing a ground motion is
equaled or exceeded in terms of mean annual probability
[7]. Spectral acceleration and PGA values may also be
derived from this method. Moreover, PSHA allows the
generation of time histories for use in ground response
analysis [8]. The seismic hazard curves and the spectral
acceleration values used in this study were obtained from
the PSHA conducted for Laguna, Philippines, by Aguirre
(2013) [9].

Studies on the determination of LPI verified using
probabilistic-based nonlinear ground response analysis is
limited. Mase et al. (2020) [10] conducted numerical and
empirical analyses to quantify liquefaction potential index
in Bengkulu City, Indonesia using bore log information and
shear velocity profiles. Similarly, Mitra et al. (2021) [11]
conducted ground response analysis to obtain PGA values
for use in the LPI computation, to assess the liquefaction
potential in a site in Kolkata, West Bengal, India. Adampira
et al. (2015) [12] performed one-dimensional ground
response analysis to determine site response due to near-
fault earthquakes for a liquefiable project site in Iran. Kumar
et al. (2023) [13] determined the liquefaction potential in
Kolkata, India, using numerical analyses (equivalent linear
and nonlinear) and the simplified method. All these
mentioned studies conducted ground response analysis
using input motions based on the deterministic approach.

In this study, probabilistic seismic hazard analysis is used to
set the criteria for selecting the input ground motions for
ground response analysis. LPl based on a simplified
procedure was computed, and its results were verified using
ground response analysis. This highlights the use of ground
response analysis to validate the results of evaluation
procedures in cases where there are scant case histories,
wherein comparison can be made.
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2. METHODOLOGY

The methodology consists of three major parts:
classification of the site based on borehole information,
computation of liquefaction potential index, and
verification through site-specific ground response analysis.

In this study, liquefaction potential was evaluated for the
two cities (Calamba and Cabuyao) of Laguna, one of the top
provincial contributors to the Philippines’ gross domestic
product [14], located south of the National Capital Region.
Laguna has had historical liquefaction occurrences
attributed to earthquake events and volcanic eruptions [3].
This information is important because liquefaction tends to
recur at the same location based on post-earthquake field
investigations [1] (p. 352).

Calamba and Cabuyao were chosen as the sites of interest
for evaluation of liquefaction potential because of four
main reasons: 1) the proximity of the cities to Laguna Lake
and the presence of rivers and tributaries within the area
create a saturated environment for the soils; 2) the geology
in the area being underlain with young river deposits
especially at the shorelines allows the formation of weak
soils; 3) the seismicity in the area creates an opportunity for
liquefaction (because the sites are within the 150km-radius
from active faults such as the Philippine Fault: Infanta
Segment and the Valley Fault System); 4) the urbanization
and the industrialization in the area increase the risk of loss,
both in terms of lives and damages; and, 5) the availability
of borehole data.

2.1. Site Classification

This study wused the site classification and
corresponding site factors for spectral acceleration in the
AASHTO LRFD Bridge Design Specifications 2012. While the
local code has its own site classification based on American
standards, this standard is referred in this study in the
absence of provisions for site response analysis in the local
code. Site classes may be any of the six: Site Class A (hard
rock), Site Class B, Site Class C, Site Class D, Site Class E, and
Site Class F, arranged from the best to problematic soils.
The criteria for identifying the site classification of an area
that depends on either the shear wave velocity (Vs), the
average SPT blowcount (N), or the undrained shear
strength.

Since the peak ground acceleration produced in PSHA is
derived for a base rock, the PGA measured should be
corrected in accordance to the site classification of the
borehole location (PGAcorrected). For this study, SPT-N values
were used to compute the average standard penetration
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resistance for the top 100 ft, denoted by
N. The value of N is computed using Equation 1 FROM
NSCP 2015 [15]:

X1 d;

iy
where N; = SPT-N measured directly from the field,
uncorrected blow count of the “ith" layer not to exceed

100ft ~ 30m; d; = thickness of the "ith" layer (ft).

N = (Equation 1)

The SPT-N measured at the last layer in each profile was
assumed for depths up to 100 ft in this study. This study
uses the correction factors for PGA from AASHTO (2012)
[16]. Intermediate values are computed by linear
interpolation.

The SPT-N values were obtained from soil investigation
reports obtained from the Engineering Offices of Cabuyao
City and Calamba City. A total of 22 borehole sites were
identified, 14 in Calamba and 8 in Cabuyao. Each borehole
site consisted of one to three borehole logs. The depth of
the collected soil profiles varied from 9 to 15m. The reports
included information on the location of boreholes in the
site, standard penetration test number (SPT-N), description
of soil layers, Atterberg limits (liquid limit and plasticity
index), location of ground water table from the surface
(GWT), and sieve analysis. Most reports also contain
suggested/actual values of effective unit weight. Figure 1
shows the locations of borehole sites in Cabuyao and
Calambea.

2.2. Liquefaction Potential Index

LPI was computed using Equation 2 based Iwasaki et
al. (1982) [17]. The equation was developed under the
assumption that the extent by which liquefaction may be
damaging is proportional to the thickness of liquefiable
layers, the nearness of the liquefiable layers to the ground
surface, and the deviation of the factor of safety from the
threshold value. The variable F is a function of the factor of
safety (FS), quantifying the amount by which FS is less than
1. On the other hand, the weighting factor is influenced by
the depth of the soil layer. It has a minimum value (F = 0)
at the ground surface and a maximum value at the bottom
layer of the soil column [6]. LPI may have a maximum value
of 100 for sites with very high liquefaction potential.

Lpr = [

Fw(z)dz (Equation 2)
where:

F=1-FS,for FS<1;and F =0, for FS > 1
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w(z) = weighting factor = 10-0.5z
z = depth in meters

Luna and Frost (1998) (as cited by Dixit, Dewaikar &
Jangid 2011) [18] used a different relation to compute for
the LPI of profiles with less than 20m of depth, as shown in

Equation 3:
LPI =} w;F;H; (Equation 3)
Fi=1-FS;for FS;< 1.0 (Equation 3-a)

Fi=0forFS;>1.0

(Equation 3-b)

where:

H; = thickness of the discretized soil layers
n = number of layers

Fi = liquefaction severity for i-th layer

FS; = factor of safety for i-th layer

w; = weighting factor =10-0.5 z;

zi = the depth of i-th layer (m)
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Sonmez (2003) [19] gave a more conservative
modification of the threshold value of Iwasaki et al. (1982)
by increasing the factor of safety to 1.2. Equation 4-a,
Equation 4-b, and Equation 4-c the proposed computation
for F [19]. He also categorized the level of liquefaction
potential based on the values of LPI. An LP/ = 0 indicates
sites where liquefaction is not likely to happen; 0 < LP/ < 2
indicates low liquefaction potential; 2 < LP/ < 5 indicates
moderate liquefaction; 5 < LPI < 15 indicates high
liquefaction potential; and, LP/ > 15 indicates very high
liquefaction potential.

F=0 for FS 21.2 (Equation 4-3)
F=1 for F§<0.95 (Equation 4-b)
F =2 x10e18427FS  for 1.2>FS>0.95 (Equation

4-¢)

The use of LPI is advantageous in that it gives a
concrete idea on the liquefaction effects that may be
expected to occur. However, since LPl is an empirical
parameter and was derived from specific tectonic setting
that may be different from what is present at the site of
interest, validation of the results must be done, for example,
using field case liquefaction histories.

Laguna

Figure 1. Borehole locations in Cabuyao and Calamba
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2.3. Site-Specific Ground Response Analysis

In the absence or sparseness of strong ground
motion recording for a particular area of interest, simulated
earthquake motions may be used [8]. Related to this is the
technique called ground response analysis. Ground
response analysis is used in predicting ground surface
motions, evaluating liquefaction potential, and determining
seismic-related loading that may cause instability of earth
and earth-retaining structures [1]. The term ground
response refers to the effects of rock and soil condition on
the propagation of seismic waves near the earth surface [8].

Ideally, ground response analysis involves modeling of
three processes: the release of strain energy from the
earthquake source, the travel of seismic waves from the
earthquake source through the bedrock, and the
propagation of waves from the bedrock to the ground
surface. However, modeling the first two processes is too
complicated that it becomes impractical to incorporate
them in common engineering applications [1]. Thus, only
the last process remains addressed. In addition, recognizing
that soil conditions vary locally, the term ‘site-specific’ is
affixed.

In ground response analysis, one of the important aspects
is setting an input motion to simulate an earthquake at a
site. This may be done by obtaining time histories of several
recorded earthquakes measured in two horizontal
components. In the local code, ground motion must be
taken for an earthquake event with a minimum of 10%
probability of being exceeded in 50 years, which
corresponds to a 475-yr return period, and which takes into
account the geologic, tectonic, seismologic, and soll
characteristics of the site [15].

Moreover, in the selection of time history, seismic hazard
be deaggregated [8]. Deaggregation or
disaggregation is the process of obtaining the most critical
ranges of magnitude and source-to-site distances having
the highest contribution to hazard at a specific site [20]. In
this study, deaggregation was done using MATLAB codes
and using the results of PSHA. The magnitude-distance
combination was deaggregated for PGA, peak spectral
accelerations at 0.2 second and 1 second; these are
arbitrarily chosen to account for the short-period and long-
period structures in the area.

must

Once selected, the response spectra of these time histories
must match the target spectrum site (i.e, the design
spectrum of the site of interest) in the process called
spectral matching, since seismological characteristics of
records affect the shape of the response spectrum [21].
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Spectral matching is done by modifying the frequency
content of the ground motion record to match the target
spectrum at all spectral periods [22]. This technique ensures
that ground motions similar to actual earthquake are
simulated at the site of interest so that the effect of varying
responses of structure and/or soil condition is reduced, if
not eliminated. It makes analyses more practical since there
is no need to simulate using a very large number of real
earthquake records [23].

A spectral matching software called RSPMatchEDT [24] was
used in this study. By inputting the coordinates of the target
spectrum and the coordinates of the accelerogram record
(i.e., the time history for acceleration) of the earthquake, the
time history of the spectrally matched records is produced.
Spectral matching was done using seven earthquakes and
six earthquakes (in two components) for the liquefied and
non-liquefied case, respectively.

Boundary conditions may be elastic or rigid. In a rigid
boundary, once the seismic waves pass through the
bedrock, the energy becomes trapped in the overlying soils;
as a result, the waves continuously bounce back and forth
from the bedrock to the soil layer. An elastic boundary
condition, on the other hand, represents a relatively soft
bedrock. In this type of boundary condition, energy is
dissipated. Furthermore, only a part of the downward-
traveling seismic waves is partially reflected in the overlying
soil; the other waves will travel below the bedrock until
energy is completely dissipated within the soil layer [1]. An
elastic boundary condition is considered in this study
because it is more realistic than a rigid boundary given the
relatively young geologic deposits in the Philippines.

Soil, as a material, is known to be nonlinear and hysteretic
(i.e, the stress-strain diagram curve of soil follows a
different path every time it is unloaded and reloaded). This
is primarily attributed to damping. A portion of the elastic
energy is converted to heat, resulting in a decrease in the
amplitude of a traveling wave [1]. Thus, this study used a
nonlinear approach — the soil column is discretized into
smaller layers. The soil and material properties of the layers
were defined using the information from the soil
investigation reports. The response of individual layers in
each time domain is computed using numerical integration
techniques; by doing so, the stress-strain relationship may
be analyzed linearly but in very small-time steps [1].

The ground response analysis performed used a one-
dimensional model, are propagated
vertically from the base rock to the ground surface, and the
analysis used the nonlinear solution. This model assumes

wherein waves
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that only horizontal boundaries exist. This means that the
layers of soil and the bedrock stretch infinitely in the
horizontal directions, and that the traveling waves are
predominantly SH-waves. Analyses based on these
assumptions are found to agree with the measured
response for many cases [1], and they have been applied in
previous studies that conducted seismic ground response
analysis [10,11]. Also, a permeable bottom layer was used
to simulate pore water pressure dissipation that exists in the
natural condition. Simulation was performed using
DEEPSOIL v5.1 [25]. In the software, the soil profile for the
site of interest is defined using the geotechnical
information (e.g., thickness and depth of layer, unit weight,
plasticity index, etc.) from the soil investigation report.
Standard curves proposed by Vucetic and Dobry (1991) [26]
for clay and Seed and Idriss (1970) [27] for sand are used to
define the material behavior, as in Mitra et al. (2021) [11]
wherein there are no available site-specific modulus
reduction and damping ratio curves. The uniform hazard
curve of the site and the time history of the matched
earthquake record are the inputs. The results of the
simulation are in the form of stress-strain curves and pore

CMUJS | Vol. 29 No. 1 | JANUARY - JUNE 2025

water accumulation ratio plots in each layer, and strain and
pore water pressure profiles that are used in the evaluation
of liquefaction.

3. RESULTS AND DISCUSSION
3.1 Site Classification and Liquefaction Potential Index

Using a total of 39 borehole logs representing 22
borehole sites, the liquefaction potential indices at specific
sites in Cabuyao City and Calamba City were determined.
Table 1 summarizes the LPI computed for the borehole sites
in Cabuyao City, where all the borehole sites were identified
as Site Class D. On the other hand, Table 2 summarizes the
LPI values for Calamba City, where the borehole sites were
either Site Class D or Site Class E. The average LPI (LPlave) in
Cabuyao ranges from 0 to 26 indicating low to very high
liquefaction potential. In Calamba, the average LPI values
range from 3 to 47, indicating moderate to very high
liquefaction potential. It is also notable that 9 of the 14
borehole sites in Calamba have very high liquefaction
potential.

Table 1. Liquefaction potential for the borehole sites in Cabuyao City

Borehole ID Latlt.u de, GWT Nave Site Class PGA.w"emd LPlave
Longitude (ing)
14°14'11.15"N, 15 49 D
CABOT 121° 7'17.48"E 15 50 0.378 0
14°16'36.62"N, 3 29 D 4
CABO2 121° 7'36.63"E 3 36 0.381
14°16'10.65"N, 1.22 27
CABO3 121°9'13.65"E 0.9 27 D 0376 19
14°15'10.45"N, 4 50
CABO4 121° 7'50.85"E 4 50 D 0378 0
14°14'26.13"N, 3 23
CABO5 121° 8'32.87"E 3 51 D 0.375 26
o 185 20
CABO6 1:‘21?;’,2'3;,': 185 16 D 0378 25
’ 1.85 22
o " NR 31
CABO7 1_?21?;1%%(;"’;' NR 31 D 0.379 7
’ NR 31
14°14'20.74"N, 3 26
CABO8 121° 6'19.39"E 2 26 D 0.381 2

Notes: Nave — average SPT-N values of boreholes based on the borehole investigation report; NR — not

reached
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Table 2. Liquefaction potential for the borehole sites in Calamba City

Borehole ID LI:::;S:'e GWT Nave Site Class PGQ:;;““ LPlave
CALO1 1;;102;?3834‘?;',\:5' 1.5 14 E 0.363 47
CALO2 11420']?';'55..1698""': 1.5 16 D 0.366 39
CALO3 1;:102;?5515;!,\:5 1.5 41 D 0.374 26
P R S TR
T I T R
CALO6 ::g:l?:;;;;'?lé 1.5 16 D 0.364 40
LI % o am
R - A
T N R
o WEEN 8w o
CAL11 ‘!]::102;1524;3;,\2 1.5 28 D 0.377 27
R R SR R
CAL13 ‘!]::100;121105;2 1.5 27 D 0.371 26
CAL14 14°12'55.53"N, 1.5 13 E 0.362 46

121°10'22.71"E

Notes: Nave — depth of groundwater table and average SPT-N values of boreholes based on the borehole

investigation report; NR — not reached

3.2 Site-Specific Ground Response Analysis
3.2.1 Deaggregation

Deaggregation of the sites indicates that an
earthquake with a moment magnitude of around 7.2
occurring in the nearest 44 km from the site has the highest
contribution of hazard in the area. Figure A1, Figure A2, and
Figure A3 show the result of the deaggregation for PGA,
and spectral accelerations at T=0.2 sec and T=1 sec at a
475-yr return period earthquake event, respectively.

The results of the deaggregation, which forms the
basis for the selected ground motions to be used for
ground response analysis can be found in Appendix A.

3.2.2 Analysis results in DEEPSOIL v5.1

The Banadero borehole site (CALO1 in Figure 1) in
Calamba, having the highest LPI among the others, was
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evaluated using a site-specific ground response analysis.
Seven earthquakes, with a magnitude range of 6.8 to 7.5,
were simulated in the ground response analysis. All
earthquake events resulted to the occurrence of
liquefaction at the layer located around 4 m from the
surface, where porewater pressure accumulation was
observed. In this layer, the ratio of the porewater pressure
to the effective vertical stress is almost equal to one,
signaling the occurrence of liquefaction. Similarly, ground
response analysis was performed for Banay-Banay,
Cabuyao, (CAB04 in Figure 1) which yielded a value of LPI =
0. Six earthquakes, with a magnitude range of 6.8 to 7.6,
were simulated in the ground response analysis. Generally,
relatively small strains were produced in the simulation and
pore water did not accumulate. However, liquefaction
occurred for the earthquake with a magnitude of 7.6. strain
in the soil layer at a depth of 13.5m (Layer 11) reached 6%
as shown in Figure 2. At a depth of around 13.5m,
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porewater accumulation was observed, and the ratio of the
porewater pressure to the effective vertical stress is almost
equal to one as shown in Figure 3. For this borehole site,
the prediction of ground response analysis is different with

CMUJS | Vol. 29 No. 1 | JANUARY - JUNE 2025

Instead, susceptibility was
equivalent-linear and

susceptibility of the site.
effectively assessed through
nonlinear ground response analyses.

The porewater pressure profiles for the sites are

prediction based on LPI. The findings align with those of
Kumar et al. (2023) [28], demonstrating that the simplified
method was inadequate in predicting the liquefaction

presented in Appendix B.

Stress Ratio

Strain(%)

Figure 2. Stress-strain curve of Layer 11 in the Banay-Banay site for the magnitude 7.6-earthquake

Max. PWP Ratio (pwp/eff. vert. stress)
0 0.2 0.4 0.6 0.8 1
0 4 . . . . .
2
4
E 6
= 8
D 10
b
14 e
16

Figure 3. Pore water pressure ratio for the Banay-Banay site generated by a magnitude 7.6 earthquake
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4. CONCLUSION

This study demonstrated how PSHA results can be
used as a tool for the evaluation of liquefaction. This was
done in two ways: by directly getting peak ground
acceleration from PSHA results for use in the computation
of liquefaction potential index, and by obtaining time
histories for ground response analysis in order to verify
liquefaction or nonliquefaction of soils in cases where there
is no recorded liquefaction. Furthermore, the use of
nonlinear soil model with pore water pressure dissipation
enabled a detailed analysis on the behavior of soils during
seismic loading. The result of LPI reveals that the borehole
sites in Cabuyao City have a low to very high liquefaction
potential, while in Calamba City, the sites have a moderate
to very high liquefaction potential. The high potential for
liquefaction in the Banadero site was affirmed through
ground response analysis. However, the ground response
analysis done in Banay-Banay shows that the site is not
completely non-liquefiable but may liquefy for earthquake
events with at least a magnitude of 7.6. The use of LPI in the
evaluation of liquefaction potential is recommended to be
further verified with available empirical evidence to

determine the applicability and limitations of this
procedure.
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Appendix A: Ground Motions for Ground Response Analysis

A.1 Seismic Hazard Deaggregation

This section contains the result of the deaggregation, selection of ground motion records, spectral matching, and
ground response analysis.

Seismic Hazard Deaggregation
(PGA, 10% Probability of Exceedance in 50-yr Exposure)

14 4

% Contribution to Hazard

Figure A1. Seismic hazard deaggregation for PGA at a 475-yr return period earthquake event

Seismic Hazard Deaggregation
(PSA=0.2g,10% Probability of Exceedance in 50-yr Exposure)

% Contribution to Hazard

Figure A2. Seismic hazard deaggregation for PSA at 0.2 sec at a 475-yr return period earthquake event
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Seismic Hazard Deaggregation
(PSA=1g, 10% Probability of Exceedance in 50-yr Exposure)

% Contribution to Hazard

Figure A3. Seismic hazard deaggregation for PSA at 1 sec at a 475-yr return period earthquake event

A.2 Selected earthquake records for simulation

Table A1. Selected earthquake records for the Banaderos site

i i R ded PGA (i
Description of Event Magnitude Distance to Station Fault Mechanism Scoree (in g)
(km) X y

EQT: DUZCE, TURKEY 1999 p 7.1 6.6 Strike-Slip 0.31 0.54
Stn: Duzce
EQ2: KOBE, JAPAN 1995 p . .
Stn: MZH Station 6.9 703 Strike-Slip 0.06 0.05
EQ3: KOCAELI, TURKEY 1999 p 75 106 Strike-Slip - 0.22 0.15
Stn: Arcelik
EQ4: HECTOR MINE 1999 c . . )
Stn: Joshua Tree Fire Station 71 >1:5 Strike-Slip 0-15 0-19
EQS:.LANDERS 1992 ¢ 7.4 419 Strike-Slip - 0.08 0.09
Stn: Palm Springs - Airport
EQ6: WHITTIER NARROWS p 6 118 Reverse Oblique 03 0.25

Stn: Alhambra, Fremont

EQ7: BORREGO MOUNTAIN
1968 ¢ 6.8 347 Strike-Slip 0.13 0.06
Stn: USGS Station 117

Note: Stn — Station where the ground motion was recorded
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Table A2. Selected earthquake records for the Banay-Banay site

i i R PGA (i
Description of Event Magnitude Distance to Station Fault Mechanism ecorded PGA (in 9)
(km) X y

EQ1: MANIJIL, IRAN 1990 p . .
Stn: BHRC Station 74 50 Strike-Slip 0.13 0.18
EQ2: LANDERS 1992 c . .
Stn: Palm Springs - Airport 74 419 Strike-Slip 0.08 0.09
EQs: KOC.AEU' TURKEY 1999 p 7.5 10.6 Strike-Slip 0.22 0.15
Stn: Arcelik
EQ4: HECTOR MINE 1999 ¢ . .
Stn: Joshua Tree Fire Station 71 >1:5 Strike-Slip 0.15 0.19
EQ5: BORREGO MOUNTAIN

Q 6.8 347 Strike-Slip 0.13 0.06
1968 ¢
EQ6: CHICHI 1939 ¢ 7.6 60.9 Reverse Oblique 0.11 0.11

Stn: Taichung

Note: Stn — Station where the ground motion was recorded

A.3 Spectral Matching

Time history matched to spectrum:C:\Program Files\GeoMotions\Output\RspMatch\SA

0.20 . . . . | . . . . | . . . . |

] r / Matched
0.15+ -

0.10 -
C / Seed

| “\ M‘ .lll\” ll\ I M*u ! I‘..i‘mi LA " ,,
‘ H ‘w lq ‘\”\'\MW\ [ Mrl ”uu"”v' A :

-0. 05€ | [ ‘ -

0.05

0.00 |

Acceleration
(g's)

-0.10 ‘
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Figure A4. Spectrally-matched time history for one of the selected earthquakes
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Appendix B: Ground Response Analysis in DEEPSOIL v5.1

B.1 Porewater Pressure Profiles for Banadero, Calamba

Figure B1. Porewater pressure profiles for Banadero, Calamba using seven (7) earthquakes in x- and y- components.
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B.2 Porewater Pressure Profiles for Banay-Banau, Cabuyao
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Figure B2. Porewater pressure profiles for Banay-Banay, Cabuyao, using six (6) earthquakes in x- and y- components.
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