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1. Introduction

Based on the long-term energy planning of Indonesia
it is concluded that the energy demand in year 2685
become twofold compared to the energy demand in yea
2000. Many studies reported that in order to cofth w
the fast-growing demand, the application of enargy
needs to be introduced. Therefore, Indonesia is
considering building Nuclear Power Plant (NPP) by
2025. Indonesia government declared through Act No.
17 year 2007 on the National Long-Term Development

Plant Year 2005-2025 and Presidential Decree No. 5

year 2006 on the National Energy Policy (Indonesia
2007; Indonesia 2006), that nuclear energy is dtasea
part of the national energy system. In order toeutake
the above national policy, National Nuclear Energy
Agency of Indonesia, as the promotor for the tiian

of nuclear energy will conduct site study, whichais
part of infrastructure preparation for NPP congiauc

Thorough preparation and steps are needed to eperat
an NPP and it takes between 10 to 15 years from the

preliminary study (site selection, financial stuebfc.)
up to project implementation (manufacturing,
construction,  commissioning). During  project

implementation, it is necessary to prepare various

documents relevant for permit application such as
Safety Evaluation Report for site permit, Prelinmna
Safety Analysis Report and Environment Impact
Assessment Report for construction permit.
Considering the continuously increasing electricity
energy demand, it is hecessary to prepare fomaltiee
NPP sites. Within the framework of identifying NPP
sites, site surveys are performed in West Bandkads
of Bangka-Belitung province. The safety requirersent
of NPP’s are stringent; amongst the various
requirements is the ability to safely shut downthe
wake of a possible earthquake. Ground
analysis of a potential site therefore needs todreed
out, parameter that affect the resistance of an MPP
earthquakes such as peak strain profiles is ardlyse
The objective of this paper is to analyse the gdoun
response of the selected site for a NPP, usingMje
7.9 in Sikuai Island, West Sumatra on September 12,
2007 as present input motion. This analysis will be
carried out using a ground response analysis pmagra
DeepSoil. In addition to this, an attempt was maxle
define the site specific input motion characteristof
the selected site for use in DeepSoil (DeepSo)l. 5.0

2. Site Description

West Bangka (WB) site is selected as the preferred
area for the first NPP sites for some reasonsringef
their acceptability such as safety, suitability,dan
construction cost, and other considerations. sitisated
in Bangka Island of Bangka-Belitung Island Province
which is located at 104° 50’ - 109° 30’ E and 0° 58°
10’ S and can be seen in Figure 1.

Figure 1. Map of Bangka-Belitung Island Province,
Indonesia

According to literature study and field confirmatjo
WB site is free from exclusions factors and therefo
they can be considered as area which is potentibet
developed further. It has been considered as destab

responsearea among other islands in Indonesia with relbtive

low seismicity and there are no significant eartics
in this area. The value of peak ground acceleration
the base rock for the past 500 years period ischare
Manual for Seismic Resistance Designing for Buiddin
Construction (SNI, 2002) No. 1726 is very smallpatb
0.03 g.
2.1 Results of Geotechnical Exploration

A site exploration program was performed at WB site
that included the drilling of boreholes, in-situstiag
such as standard penetration testing (SPT) witihggne
measurements, and suspension logging of seismic
velocities, and laboratory testing. In this project
geotechnical site investigation data are colledtedh
the borehole, namely BBH 06 where the reactor lvéll
placed. The location of BBH 06 at the WB Site is
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shown in the Figure 2. The borehole was drillechgsi Table 1. Results of index tests
rotary wash procedures with a diameter of 116 mm fo Depth SPT blow counts, N
the upper 20 m and a diameter of 86 mm thereafter. (m)
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The SPT is performed during a soil boring to obtain 2§
an approximate measure of the dynamic soil resistan i o,
The procedures for the SPT are detailed in ASTM D i - § °§°
1586 (ASTM 2000). The SPT involves the driving of a | S £ 8¢
hollow thick-walled tube into the ground and measyr [ 5 3 ‘o 8
the number of blows to advance the split-barrelgam £ | 4 o 8
a vertical distance of 300 mm. A drop weight system & | § ° §
used for the pounding where a 63.5-kg hammer a / ©4°

repeatedly falls from 0.76 m to achieve three sssive 40
increments of 150-mm each. The first increment is i
recorded as a “seating”, while the number of bldws L
advance the second and third increments are surtomed -
give the N-value ("blow count") or SPT-resistance L
(reported in blows/0.3 m). Table 1 shows the restilt o -
SPTs at BBH 06.

Geophysical methods are used in geotechnical  Figure 3. Geologic log at BBH 06 and results of
investigations to evaluate a site's behaviour in penetration and suspension logging geophysicahtest
a seismic event. The dynamic response of thatcswil
be estimated by measuring a soil's shear waveitgloc 2.2 Laboratory Testing
There are a number of methods used to determine a Laboratory testing of soils is a fundamental elemen
site's shear wave velocity such as PS suspensiorof geotechnical engineering. Soil samples that are
logging, surface wave reflection, surface wave collected during the drilling of borehole were &zbt
refraction, and multichannel analysis of surfaceesa using sieve analysis, plastic limit, specific gtgvand
For this project BBH 06 is prepared using SPT, th&n  direct shear test for physical, chemical and eraging
suspension logging was used to measure shear \Bave (characteristics. The results of index tests inclgdjrain
wave) and compression wave (P wave). The geologicsize distribution, atterberg limits, and maximumdan
log and the PS suspension logging of BBH 06 can beminimum unit weight and the results of direct shear
seen at Figure 3. tests are shown in the Table 2 and Table 3 respdeti
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Table 2. Results of index tests

Depth Unit weight Specific gravity Water content  Grain size distribution Atterberg limit
(m) (kN/m?) (%)
0-34 17.96 2.63-2.68 27.33-29.10 Sand: 3942.12% WL: 59 - 71%
Silt: 35.6 — 44.88% Ip: 12 — 40%

Clay: 12 — 24%
34 -52 18.22 2.63-2.64 0.45

Table 3. Results of shear tests for BBH 06

Test Angle of internal Apparent cohesion- ¢
friction - § (KN/m?)
@)
UU Triaxial 7-29 24.52-48.05
Direct Shear 7-29 20.59-41.19
3. Input Motion dimensional analysis which is simpler and signifity

reduce the required computational effort. One
For present analysis, The Sumatra Earthquake, sadimensional ground response analysis is mainly
called Sikuai2 with N}, 7.9 in Sikuai Island, West performed using an equivalent linear (EQL) method i
Sumatra on September 12, 2007 is used as inputwhich the wave equation is solved in the frequency
motions. This earthquake occurred off the southerndomain and a nonlinear (NL) method in which
coast of Sumatra about 167.7 km at 2.5060°S, 160.90 employing non-linear hysteretic soil models is solin
°E with a depth of 30.0 km. It has PGA value 0.13g. the time domain using numerical integration (Kramer
Record of accelerograph of horizontal component of 1996). These methods have been carried out using

input motion at PSKI station is shown at Figure 4. DeepSoil, a one-dimensional site response analysis
program that can perform EQL method and NL method.
0.15 - - - T - It can feature a spontaneous graphical user ieidad
L 4 has capability of deriving a number of strong motio
4 ] parameters often required for engineer.
i | 4.1. One-dimensional analysis
One-dimensional analysis is based on the assumption
5 000 n that all boundaries are horizontal and that thpoese
g - R of a soil deposit is generally caused by SH-waves
ok propagating in the vertical direction from the
2 underlying bedrock. The soil and bedrock surface ar
E i 1 considered to extend infinitely in the horizontal
-0.05 |- - direction.
i | After a fault ruptures below the earth’s surfacegyp
waves travel away from the source in all directibhey
01— ] are reflected and refracted as they reach boursdarie
- . between different geologic materials. By the tirhe t
015 | . | . | , | , rays reach the ground surface, multiple refracticase

40 80 120 160 200 often bent them to a nearly vertical direction.

Time (s
me ) 4.1.1. Equivalent Linear (EQL) method

Figure 4. Acceleration histogram recorded at PSKI ~ ddris and Seed (1967) first proposed the EQL

station during Sumatra Earthquake, NS component Method for ground response analysis that calcutates
approximate nonlinear response through a linear

4. Ground Response Analysis analysis with soil layer properties adjusted tooart
for the softening during seismic loading. The layer
Ground response analysis is the process ofProperties are adjusted through an iterative pmces
calculating the shear wave propagation due to seism involving a series of linear analyses that can be
loading through borehole BBH 06 at the WB site. The Performed either in the frequency or the time demai

to calculate the linear soil behaviour then thekpea
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strains in the soil layers are computed. An effecti

shear strain is then calculated for each layer by

multiplying the peak shear strain by an effectinea
strain ratio. This strain value is used to deteamin
modulus reduction and damping ratio of each layer.

4.1.2. Nonlinear (NL) method

The NL method simulates the hysteretic stressrstrai
response of the soil. It is capable of representireg
actual behaviour of soils much more accurately and
more realistic than the EQL method. The soil peofil
can be modelled using either lumped masses ok finit
element. In the lumped-mass approach, the soilrdaye

G 1

o
oo ()
T

(4.2)

G
where

= modulus reduction; = shear strainy =
max r

pseudo reference strain; and= 0.92 andp = 1 as
fitting coefficient (Darendeli 2001). The pseudo
reference strain describes the backbone curve all sm
strains { < ~0.3-0.5%). However, the hyperbolic model
breaks down at large strains, where it tends tayme
biased shear strength estimation.

are lumped into adjacent nodal masses, which are4.3.Modification of Backbone Curve

connected by springs that model the soil stressnstr
behaviour in shear. The input ground motion is igopl
at the base of the borehole, and the dynamic emsati
of motion are integrated using the Newm@rkaethod
in order to calculate the response of the soil raye
Similar models can be built using finite element
program using the available element types and maater
models. The hysteretic material models are
characterized by (1) the backbone curve, and &2}t af
hysteresis rules.

The base of the soil profile can be modelled eitteer
a transmitting or reflecting boundary. It dependstioe
type of ground motion input and the impedance ratio
the base of the soil profile. The transmitting badany
condition is applied by modelling the bedrock using
viscous damper that absorb the radiating energg, an
the input ground motion is applied as a historglodar
force (Lysmer, 1978). The reflecting boundary
condition is modelled by directly applying the ipu
acceleration time series at the base.

4.2.Dynamic soil properties and material modeling for
analysis

The borehole BBH 06 at WB site comprises a 34 m
layer of silty clay (\{ = 328 — 601 m/s), and granites(¥
2000 m/s) thereafter. A unit weight of 17.96 KN/ia
assigned to a depth of 8 m and a saturated unghwei
of 18.22 KN/ni was used from 12 to 34 m.

Site response analysis is performed using a
maximum frequency. The maximum frequency is the
highest frequency that the layer can propagateisnd
calculated by the equation:

=Y
& 4H

£, 4.1)

where V is the shear wave velocity of the layer, and H
is the thickness of the layer. To increase the mari
frequency, the thickness of the layer should beeese.
For all layers, the maximum frequency should fall
between a range of a minimum of 25 Hz and a
maximum of 50 Hz.

Soil exhibit nonlinear behaviour, a hyperbolic
relationship can be used to relate the shear streds
shearing strain in modelling dynamic soil behaviour
(Hardin and Drnevich, 1972). In DeepSoil the
hyperbolic model is used to define the backboneesur
which is given by the equation,

An adjustment procedure of soil backbone curve is
utilized to capture a specific shear strength agea
strain while conserving the small strain behaviP(ee
et al. 2013). Foy <y, a first hyperbola is constructed,
where y; is a user-specified transitional shear strain,
while y > y;, a second hyperbola is used having an initial
modulus that is the tangent modulus of the first
hyperbola at;. The second hyperbola moves toward the
shear strengthef) at large strain. The shear strength is
taken ascto'tan , wherecand ¢ are taken from
laboratory testing as 0.49 and 29° respectivelf¥he
modulus reduction is calculated as

7| (Gyl/Gmax)Yl
G tl/m)t (/)

- (4.3)

Gmax

In this paper, new values of shear strain and dagnpi
are used to generate modulus reduction and damping
curve as a target curve for each layer. Then, ithegf
procedure in DeepSoil is performed for each sulerlay
of the soil model. This procedure is utilized agtr
curve as given previously. The new backbone curves
are input into DeepSoil as shown in Figure 5.
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Figure 5. Comparison of the initial and strength-
adjusted of (a) modulus reduction and (b) damping
model

4.4.Ground response analysis (result and observation)
Ground response analyses are performed for BBH 06
subjected to the corresponding Sikuai2 input mation
strength-adjusted backbone and damping curves using
DeepSoil. Responses are presented in term of surfac

acceleration response spectra and the peak strain
profiles as can be seen in Figure 6 and 7 resgdgtiv
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Figure 6. Surface acceleration response speatra fo
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Figure 7. Results of NL and EQL method of ground
response analyses (a) maximum strain and (b)
maximum horizontal acceleration
The difference between EQL and NL responses
varies with soil profile, boundary type and the wgrd
input motion. The following observation can be made
by comparing EQL and NL responses.
In general, results of the analyses with EQL
method show similar trends to those with NL
method.

2. The peak strain profiles calculated using EQL
method are close to those calculated by NL method
on a rigid boundary. The peak strain profiles show
many spikes through the depth of soil profile. One
of the highest spikes is formed by strain in thi¢ so
layer at depth 18-20m which has smaller shear
wave velocity compare to other layers.

3. At the surface layer, the acceleration values for
EQL and NL methods are resulted as 0.425g and
0.375g respectively, when Sikuai2 is used as input
motion.
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