Teknisia

Vol. 30, No. 1, Mei 2025, pp.23-31

E-ISSN: 2746-0185

23

Liquefaction potential study under Ijo Balit weir in East Lombok

Indonesia

Lalu Ibrohim Burhan', Hanindya Kusuma Artati>*, Lalu Makrup?, Elvis Saputra®

"Faculty of Civil Engineering, Universitas Gunung Rinjani, Lombok, NTB
2Department of Civil Engineering, Faculty of Civil Engineering and Planning, Islamic University of Indonesia

Article Info
Article history:
Received:
November 22, 2025
Revised:

June 11, 2025
Accepted:

June 11, 2025
Auvailable online:
June 23, 2025

Keywords:
earthquake wave
acceleration
liquefaction

Abstract

Liguefaction phenomenon can be occurred in the sandy soil. Caused by an
earthquake shaking on the sandy soil so the shear stress of the soil will be
lost and the soil seem like liquid. Liquefaction in a site can cause the
building on soil surface in the site can be crack or collapse. Therefore, it
is need to study to review the liquefaction potential that will be occurred
under Ijo Balit weir East Lombok. In general, the liquefaction, trigger by
the earthquake shaking. Based on this condition so can be developed the
earthquake shaking in form of the earthquake acceleration for time history.
The time history of the earthquake wave can be developed in ground
surface based on the spectral-matching-procedure with the target
spectrum is design spectrum. Based on ground surface time history then
can be calculated liquefaction potential on the soil layer under the Ijo Balit
weir East Lombok. The study result can be mention that the soil layer in

the site is not experience liquefaction.
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Introduction

Liquefaction is a nature disaster from
earthquake that reduce the strength and
stiffness of the soil layers. This condition
causes the soil layers seem as liquid.
Liquefaction on soil surface layer or under soil
surface layer can cause the building in the
ground surface to be damaged and collapse.
Therefore, it is required to do the liquefaction
study for the location where the building be
built. Liquefaction can be triggered by a
carthquake event. The earthquake wave can
disturb the soil around the building. If the
building location is in a saturated sandy soil
layer and in the place the earthquake is
happened, so the liquefaction can be occurred
in around of the building. Because the
liquefaction is triggered by the ground
vibration caused by earthquake, is needed to
developed earthquake ground motion each

layers so that the liquefaction potency can be
calculated. The earthquake ground motion can
be determined by deterministic, probabilistic
or code method. According to develop the
earthquake ground motion, some experts had
made the work to develop the earthquake
ground motion, deterministically,
probabilistically, and develop the ground
motion by the code (SNI 2019). Petersen, et al
(2004), had research result the PSHA at
Sumatra Indonesian and south Malaysian
Peninsula areas. Petersen, et al (2008), have
presented the seismic hazard map for South
East used PSHA. Irsyam, et al (2008), used
PSHA to produce the earthquake acceleration
map for Sumatra and Java and conduct the
microzonation study for Jakarta. Irsyam, et
al.(2010), revision of the national code of the
earthquake resistant building. Sengara et al.
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(2015), developed the seismic hazard map for
Sumatra use PSHA.

The earthquake acceleration time history to
the civil engineering purpose, many experts
have done the thing. Wood and Hutchinson
(2012), a probabilistic seismic hazard analysis
was used to choose the ground motion, and
additionally, a new time history was generated
to match a specific target response spectrum.
Carlson et al. (2014), the liquefaction potential
at a site can be assessed by investigating the
amplification characteristics of seismic shear
wave velocity in the vicinity of the ground
surface. Bayati and Soltani. (2016), a seismic
acceleration time history was selected based
on estimation results, and from this, an
artificial time history was deterministically
generated for seismic design of reinforced
concrete (RC) structures to assess collapse
prevention. Pavel and Vacareanu (2016),
actual acceleration time histories were
selected that design ground motion was
derived using probabilistic seismic hazard
analysis in conjunction with seismic code
provisions, and a new time history was
subsequently generated to match a specific
target spectrum. Makrup and Jamal (2016),
the artificial time history was developed an
artificial time history was generated through
probabilistic seismic hazard analysis and
subsequently calibrated via spectral matching.
Makrup and Muntafi (2016), artificial ground
motions for Semarang and Solo, Indonesia,
were generated used probabilistic seismic
hazard analysis. Makrup (2017), ground
motion was derived using probabilistic

seismic hazard analysis in conjunction with
seismic code provisions. The earthquake can
trigger the liquefaction phenom in a site, many
experts have given the papers about that. SNI
1726 (2019), earthquake Resistance Planning
Procedures for Building and Non-Building
Structures, National Standardization Agency,
Jakarta. Artati et. Al (2023), determine the
liquefaction potential used deterministic
seismic hazard analysis method. Tanjung,
M.I. (2017), Screening Analysis of Slope
Stability of Earthquake-Resistant
Embankment Dams in Indonesia. Nicolaou
(1998), get the earthquake acceleration for a
particular site. Depiction of the strategy based
on the fundamental thought is that an genuine
movement can be sifted in recurrence space by
its unearthly proportion with the target range.
The Fourier stages (nonexistent portion) of the
motions stay unaltered amid the complete
method. Spectral matching method is
complicated enough if it is calculated with
manual manner, so it is needed computer
program to make calculation. In the study was
used SPECMATCH software developed by
Makrup (2016) to determine the time history
design on study site. Seed, H. B. and Idriss,
1. M. (1982), develop involve between ground
motions and soil liquefaction during earth-
quakes.

In this study will be determine the
liquefaction in each layer based on earthquake
time history developed by SNI12019 code. Site
of the study is [jo Balit weir in East Lombok
Indonesia Figure 1.

Lokasi bendung

Tjo Balit Lorbok
Timur NTB
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Figure 1. Drill log Ijo Balit Weir (BH; and BH»)
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Figure 2. Flowchart research methodology

Metodology

The study was conducted based on Bore Hole
1 and BH 2 data at the [jo Balit Lombok dam.
The target spectrum response was obtained
from based on the Indonesian seismic hazard
map (SNI 2019), which was then spectral
matching was carried out against the actual
time history can be taken from the time history
catalogue of the California University of
Berkley USA. Spectra matching is carried out
with the help of SPECMATCH software with
the following procedure. The procedure is
rehashed iteratively until the required
coordinating is accomplished for a certain
extend of periods. The first step is select the
target spectrum, SAtarget(T), and Time
History (TH), THactual(t). The response
spectrum of THactual(t) is calculated using
the same damping ratio as that of the target
spectrum. Subsequently, the spectral ratio,
SPR(T), is obtained by dividing the response
spectrum of THactual(t) by the target
spectrum, where T represents the spectral
period

SAtarg et(T)
SPR(T) = ———= 1
( ) SAactual(T) ( )
The frequency domain SPR(w)
I, 0< o,
FILT(®)={SPR(®), o, <o<o.. (2
1, >0,

where @ is the cyclic frequency, and @min;
Wmax are minimum and maximum frequency
for matching.

The Fourier spectrum, facwal( @) of THacwal(t)
is obtained using the Discrete Fourier
Transform (DFT) algorithm.

fﬁltered(w) = FILT(CU) Xfactual(a)) (3)

The time history with the desired frequency
characteristics is obtained by applying an
inverse Fourier transform to derive TH(t),
TH(t) is calculated. An estimator for this error
is given by:

Burhan et al — Liquefaction potential study ...

25


https://issn.brin.go.id/terbit/detail/1599803040

E-ISSN: 2746-0185

Ty
\/J.(S:caled _S[tlarget)ZdT

T,

|Error1N % =100

Ty
j S'eee g

“4)

where §,m*°hi"¢(T) is a reaction range time
history.

The spectral matching results will show the
target time history which is the maximum
carthquake acceleration in bedrock. Time
history on bedrock will be propagated to the
surface using non-linear one-dimensional
which will obtain maximum acceleration on
the surface. The results of the maximum
surface acceleration will be used to analyze
the potential for liquefaction in the Ijo Balit
Lombok dam area.

Analysis and Discussion

The stages of analysis carried out in this
research will be explained as follows.

(1) Soil site class determination

Before the computation to determine the target
spectrum based on SNI 2019 code, so it has to
be known the soil site class of the location for
study. Soil site class is determined based on
the mean N-SPT value of a drill log in [jo Balit
weir location, Figure 1. The equation that can
be use is:

xitd;

N =
Xitdi/N;

()

where:

N = mean N-SPT

d; = thick of the ith layer

Ni = value of N-SPT of ith layer.

N-SPT data of the drill log in Figure 3. From
the N-SPT data Figure 3 can be computed
mean N-SPT value by Equation 5. Mean N-
SPT of the calculation result (N) = 38.102.

N-SPT, IJO BALIT
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Depth (m)
[3,]
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7.0 -
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Figure 3. Drill log result under Ijo Balit weir in
N-SPT value

Based on mean N-SPT 38.102 and soil site
classification of the ASCE on Table Soil Site
Classification on ASCE Code can be found
that in the Ijo Balit weir location has the soil
classification is D which arrange Vs 66 to
1200 ft/s and 370 to 760 fts, N value between
15 to 50 and Su at 1000 to 2000 psf or 50 to
100 kPa.

(2) Spectral matching

To find the design acceleration time history on
the surface is called design time history on the
surface and in the base rock, can be applied
spectral matching method. Spectral matching
will be analyzed in time domain or frequency
domain. This study aims to develop a design
time history. The spectral matching technique
in frequency domain condition has previously
been utilized. The earthquake acceleration
time history, referred to as the actual time
history, can be obtained from earthquake data
catalogues provided by official seismic
recording institutions. The actual time history
can be taken from time history catalogue of
the California University of Berkley USA in
website name is NGAWET and NGAEAST.
In this study, the time history of the 1976
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Friuli, Italy earthquake, Figure 4, was used as
the basis for generating a resulting time
history, referred to as the design time history.

=
—
==y

The Fruili
Earthquake Italy 1976

Accleration, a(g)
—

0 4 8 12 16
Time (3)

Figure 4. Time history of Fruili earthquake Italy
1976

(3) Actual time history

This actual time history serves as the base for
developing a modified or synthesized time
history. The response spectrum corresponding
to this time history is presented Figure 5.
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Figure 5. Response spectra
(4) Target spectrum

The target response spectrum serves as the
primary input for the spectral matching
method. Based on Indonesian seismic hazard
map (SNI 2019), Lombok islands, in general
pound acceleration for 0.2 second period in
range 1.0g — 1.2g. For this 0.2 second it is
taken acceleration (Ss) = 1.1g and for 1.0
second period is pound acceleration 0.4g-0.5g.

E-ISSN: 2746-0185

Therefore for 1.0s period is taken acceleration
(S1) = 0.45g. Based on Ss = 1.1g and S, =
0.45g can be computed the parameter to
determine design spectrum for I[jo Balit weir.

From Table Code Amplification factor FA for
Ss = 1.1g is pound the amplification factor
(Fa)=1.06

From Table Amplification factor Fv, for S; =
0.45g is pound the amplification factor (Fv) =
1.85

From the value of Fa and Fv above can be
calculated the other parameter value of design
response spectra as follow, Figure 6.

Swus = Fa Ss=1.06 (1.1)=0.901g
Sps = 2/3 Sms = 0.6007g

Sui = Fv S; = 1.85 (0.45) = 0.592¢

Sws = 2/3 Swi = 0.3947¢

Ts = Sus/Sps = 0.3947/0.6007 = 0.657 s
To=02Ts=0.131s

0.88
~ Design response
& 066 sPeftiulm
§ Ss=1. g
5 S1=0.45g
o 044
E
8
& 022
0.00

00 05 1.0 1.5 20 25 3.0
Period, T(s)

Figure 6. Design spectrum for Ijo Balit weir
location

The design spectrum collected from target
spectrum to process the spectral matching
procedure to determine acceleration time
history on the ground surface for Ijo Balit weir
location.

(5) Spectral matching result

Spectral matching is performed from actual
response spectrum and target spectrum, where
shown in Figure 5 is adjusted to match the

Burhan et al — Liquefaction potential study ...
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characteristics of the target spectrum in Figure
7.
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Figure 7. Spectral matching result based on Fruili
Italy earthquake 1976

Result of the response spectra is showed in
Figure 7.
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Figure 8. Design time history of the [jo Balit weir

East Lombok, Indonesia
The time history Figure 8 is a design time
history in the ground surface that be utilized to
conduc the liquefaction potential for Ijo Balit
weir East Lombok. From time history Figure
8 the maximum acceleration (amax) iS =
0.418g.

(6) Determine the potential liquefaction

The earthquake shaking cause liquefaction
which the phenomenon was reduced the

strength and stiffness of the soil layer seem as
liquid. Analysis of liquefaction potential is
done on [jo Balit weir East Lombok with the
number of layers is 10. Graph in Figure 8 is
showed the maximum acceleration in the soil
surface is (amax) = 0.418g.

In Lombok 2022 the earthquake has been
occurred with magnitude M=4.2and M =7.1
in 2023. In the following, with acceleration =
0.0.418g and Lombok earthquake 2023
magnitude M = 7.1, liquefaction potential for
Ijo Balit weir calculated based on simplified
method of Seed. Some parameter that are
needed to determine for the liquefaction
analysis is in the following.

Gs (specific gravity). For Ijo Balit weir, value
of Gs = 2.58 and void number (e¢) = 0.829.
Based on Gs and e, so the following soil
parameter value can be computed.

va (dry volume weight)

Yy = 2T = 1411 ton/m’ 6)
Ysat (saturated volume weight)

Vo = S — 1 8639 ton/m’ ()

v (un-saturated volume weight)
Y = ¥sae -1 = 0.8639 ton/m? (8)

Based on vy and = y ' can be calculated
vertical soil stress (ov) and (). Computation
for oy and v is done in Table 1.

oy (vertical stress of un-disturb soil)

ov=7h )
oy (vertical stress of dry soil)
o/ =vh (10)
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Table 1. Computation of vertical stress of soil (cv and ov ')

Depth Ysat Y o, oy c./oc
(m) (ton/m®) (ton/m%) (ton/m?) (ton/m?)
0 0 0 0 0 0
1 1.8639 0.8639 0.8639 1.8639 2.1575
2 1.8639 0.8639 1.7278 3.7278 2.1575
3 1.8639 0.8639 2.5917 5.5917 2.1575
4 1.8639 0.8639 3.4556 7.4556 2.1575
5 1.8639 0.8639 4.3195 93195 2.1575
6 1.8639 0.8639 5.1834 11.1834 2.1575
7 1.8639 0.8639 6.0473 13.0473 2.1575
8 1.8639 0.8639 6.9112 14.9112 2.1575
9 1.8639 0.8639 7.7751 16.7751 2.1575
10 1.8639 0.8639 8.6390 18.6390 2.1575
Functions and curves to determine the Cy =1-1.25log v (13)
liquefaction potential with simplified Seed 1076391
methods used Stress reduction factor (rq): N’ (Corrected N-SPT)
Tg = N"=Cn N-SPT (14)

1-0.41132%5+0.040522+0.001753z%5
1-0.41772°5+40.057292-0.0062052154+0.0012122
(11)
The alternatively r¢-value determined from
the curve presented in Figure 9.

Stress reduction factor, r4

0.5 0.6 0.7 0.8 0.9 1.0
0 = 7

SH

10 ~

15

20~

N Y N N

D Average

NS

Depth (ft)
oo
Depth (m)

soil profiles

Figure 9. Stress reduction factor rq

Cyeclic stress ratio

CSR = 2 = .65 Zmax (12)

(2%
7
olyg

Correction factor of N-SPT

Relative density

[ N
by = 2.4179650,+17 (15)

f. The vertical shear strain ratio and vertical
stress for dry soil, are derived from the
work of Seed and Idriss and are
represented within the framework of
Equation (16).

Tav __ Amax Oy
o = 0.65—g prl (16)
In the next step, the liquefaction potential
can decided utilize the bend in Figure 10 The
bend is created by Seed and Idriss base on
the cyclic push proportion and N'.
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Figure 10. The curve to determine liquefaction
potential

The letter L on the Table 2 gives indication
that the soil layer liquefaction occurred, and
letter N gives indication that the liquefaction
is not occurred.

From Table 2 can be called that if the
earthquake is occurred with magnitude 7.1
that produced acceleration 0.418g every soil
layer on the drill result under I[jo Balit weir,
the liquefaction is not occurred.

7. Conclusion

The research has produced the earthquake
acceleration wave in the ground surface that
is caused by an earthquake in form the
acceleration time history. The maximum
ground acceleration value from that time
history with N-SPT data of the drill result is
determine the liquefaction potential in Ijo
Balit weir site.

From the calculation result is found that
liquefaction is not occurred in every soil
layer under ljo Balit weir caused by the
earthquake.

Table 2. Calculation of liquefaction potential

Soil Depth ovoy'  N-SPT Dr CN N’ Ra Tav/ov’  L/N

layer (m) value
1 1 0 30 1.3949 1.3949 71.0815 09943 0.5829 N
2 1 2.1575 34 1.3070  1.3070 67.7653  0.9867 0.5784 N
3 1 2.1575 37 1.2123  1.2123  65.6003 09795 0.5742 N
4 1 2.1575 46 1.3133 13133 743732 09726 05701 N
5 1 2.1575 54 1.3659 13659 80.7662 0.9655 0.5660 N
6 1 2.1575 54 1.2261 1.2261 754215 09577 0.5614 N
7 1 2.1575 53 1.0917 1.0917 69.5896 09485 0.5560 N
8 1 2.1575 54 1.0178 1.0178 669881 09372 0.5494 N
9 1 2.1575 55 0.9555 09555 647119 09229 0.5410 N
10 1 2.1575 56 0.9022 09022 62.6855 09049 0.5305 N
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8. Recommendation

The assessment of liquefaction potential can
be conducted at each site based on the
amplification of seismic shear wave velocity
near the ground surface. Subsequently, for
the other research can be worn out the other
put.
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