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Introduction
The amplification factor Fa and Fv were the two coefficients 

that can be utilized to change the earthquake acceleration in the 
base rock, result of computational probabilistically to be the earth-
quake acceleration design on the ground surface. Making the ampli-
fication map of Fa and Fv were needed to find the overview of how 
big the amplification value that can be occurred on a reviewed site. 
The maps were developed based on the earthquake acceleration 
value in base rock and in the ground surface. The Fa and Fv maps 
also can be developed through seismic code based on seismic haz-
ard map in the base rock. Based on the topic that was discuss above 
so before the Fa and Fv map was obtained, should be developed the 
seismic hazard maps with the base rock and ground surface site. 
Development of the earthquake ground motion map in many forms  

 
and for many purposes had been carried out much by the experts. 
The earthquake ground motion was the motion caused by an earth-
quake. The motion commonly characterizes by acceleration, veloci-
ty or displacement of the motion. The earthquake ground motion in 
form of the acceleration can be obtained with measurement. Why 
the acceleration should be measured, because the acceleration can 
be converted to be a force based on the second Newton law. If it is 
needed an earthquake acceleration value with certain magnitude 
and distance of the site to the source, so the value it is not easy to be 
found in the measurement result catalog. In this case, it is needed 
the other model to obtain the earthquake acceleration. The model is 
do the computation deterministically based on the Ground Motion 
Prediction Equation (GMPE) model or can be computed probabilis-
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tically with Probabilistic Seismic Hazard Analysis (PSHA). Based on 
the above paragraph, that have been discussed, so in the research 
was developed seismic hazard map probabilistically in base rock 

and the ground surface for Bali and Lombok Islands Figure 1 as a 
case study (Figure 1). 

Figure 1: Bali and Lombok islands map.

Research that associated with the development of the seismic 
hazard map has been carried out by Petersen et al. [1]. Petersen et 
al developed seismic hazard map of Sumatra and Malaysian Pen-
insula PSHA. Petersen et al [2] developed seismic hazard map for 
the Southeast Asia with PSHA. Makrup et al [3] developed seismic 
hazard map of Sumatra with PSHA. Irsyam et al [4] developed seis-
mic hazard map of Sumatra and Java islands with PSHA. Suhaimi 
et al [5] carried out microzonation for Sumatran fault. Supartoyo 
[6] developed seismic hazard map for West Java, Indonesia. Makrup 
[7] developed seismic hazard map as a basis to develop the disag-
gregation hazard map for Indonesia. Asrurrifak [8] developed ac-
celeration spectra map for earthquake resistance structure design. 
Nicolaou [9] developed seismic hazard map for the United States 
of America with area seismic sources. Elvis [10] developed seis-
mic hazard map in the ground surface and in base rock for Riau 
Provence. Irsyam et al. [11] developed seismic hazard map for plan-
ning of change of Indonesian seismic code. In the research will be 
developed two seismic hazard maps probabilistically, the first in 
base rock and the second on ground surface for Bali and Lombok 
Islands Indonesia. Base on both map data and seismic code will be 
developed two map of amplification factor Fa and Fv (ASCE 7-10, 
2013). The first Fa and Fv map developed with seismic hazard map 
in base rock and ground surface and the second Fa and Fv map 
developed based on seismic hazard map in base rock and seismic 
code. The two Fa and Fv maps then is compared and discussed and 
take the conclusion as result of the research [12-28].

Probabilistic seismic hazard analysis
Probabilistic concept has allowed uncertainties in the site, lo-

cation, and rate of recurrence of earthquake and in the variation 

of the ground motion characteristic with earthquake size and lo-
cation to be explicitly considered in the evaluation of seismic haz-
ards. Probabilistic seismic hazard analysis provides a framework in 
which these uncertainties can be identified, quantified, and com-
bined in rational manner to provide more complete picture of seis-
mic hazard. For a given earthquake occurrence [29], the probability 
of a ground motion parameter A will exceed a particular value a can 
be computed using total probability theorem Equation (1), that is,

( ) ( ) ( ) ( )| , )A M R
M R

P a P A a m r f m f r drdm= >∫ ∫  (1)

where P (A>a|m,r) is a probability distribution of a particular 
value a will be exceeded a ground motion parameter A (the dis-
tribution was a log normal), fM(m) is a probability distribution of 
earthquake magnitude that commonly used is an exponential dis-
tribution which developed firstly by Gutenberg-Richter [14], fR(r) is 
a relative probability distribution of distance. Equation (1) is very 
difficult to solve analytically, even it almost cannot be solved analyt-
ically. Therefore, the equation should be solved numerically. 

Magnitude probability distribution
Magnitude distribution fM(m) is required in PSHA and the dis-

tribution developed originated with Gutenberg-Richter’s law [14], 
Equation (2).

10a bm m
m mor eα βλ λ− −= =  

(2)

where λm is number of events per-year, a and b are regression 
constant that can be obtained by statistical procedure and the pa-
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rameter α ≈2.303a, β ≈2.303b. A truncated-below magnitude m0 
can be introduced to the preceding formulation (Equation 2) to ex-
clude small magnitudes that can be ignored in engineering analysis. 
In mostly hazard analysis, m0 ranges between 3 and 5 (EPRI, 1986). 
So, from Equation (2) can be derived probability density function 
as:

( ) ( )0m m
Mf m e ββ − −=

 (3)

Equation (3) allows probabilities calculation even for very large 
magnitude (i.e. unrealistic magnitude). To overcome this problem, 
an upper bound magnitude mu is introduced. It is defined as the 
largest earthquake likely to occur along an active source [9]. Cor-
nell & Vanmarcke propose a modification to the original Guten-
berg-Richter curve, accounting for mu as well as what has already 
accounted for m0. The actual value of mu should be determined by 
geological investigation of the region that will provide information 
about maximum fault rupture and therefore the maximum energy 
and magnitude that can be produced. The complete probability 
density function fM(m) for the magnitude range are expressed by:

( )
( )

( )

0

01 u

m m

M m m

ef m
e

β

β

β − −

− −
=

−
 with m0 < m<mu (4)

The equation (4) is known as a truncated exponential distri-
bution function. Geologic and seismologic studies on a number of 
faults have shown that sources tend to repeat large earthquake that 
closes to their magnitude maximum, call characteristic earthquake. 
This was explained by observation that fault segment moves by the 
same distance in each earthquake (constant fault slip rate). The ex-
ponential model described in the previous paragraph is based on 
historical data solely and underestimate the rates of large earth-
quake as compare to geologic information. Youngs & Coppersmith 
[31] suggest an alternative recurrence law to account for the seis-
micity and rate of large event. Their model is called the character-
istic earthquake recurrence law. By this approach, the cumulative 
distribution function flattens close to the maximum magnitude. 
The probability density function that results from this model is a 
combination of truncated exponential Gutenberg-Richter model at 
small magnitude and uniformed distribution close to the maximum 
magnitude (see Equation 5 and 6). 
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The recurrence laws both Gutenberg-Richter [14] and Youngs & 
Coppersmith [31] are used in the PSHA to describe the aleatory un-
certainties in magnitude distribution.

Total probability theorem solution and distance proba-
bility distribution

A rupture and its magnitude can be occurred on different time 

and in everywhere on a fault plain. Therefore, probably occurrence 
of the rupture can be drawn as most of overlapped-rupture-area on 
whole of the fault plain. All equations related to the total probabil-
ity theorem should be evaluated on fault plain (i.e. on each rupture 
area). Relative probability of a rupture that can be occurred on a 
fault will be the same as relative probability fR(r) of earthquake rup-
ture-to-site distance (Equation 7).

( )R
a rupture areaf r

total rupture area
=

 
(7)

In PSHA the experts were commonly used the rupture width 
equal to rupture length (McGuire, 2005). Therefore, the same mag-
nitude relates to Equation (7) the rupture length and width are ob-
tained equal to L. Based on above paragraph, then all events that 
likely will be occurred in the future on a fault with a magnitude val-
ue give flatten distance probability distribution.

Probability of seismic parameter to be exceeded
Probability of a ground motion parameter A will exceed a par-

ticular value a, P(A>a|m,r), assuming log-normally distributed or 
logarithm of data are normally distributed (follow Gaussian dis-
tribution). According to probabilistic seismic hazard analysis, the 
standard normal deviate (z*) of the ground motion parameter is:

*

ln

ln ln

A

a AZ
σ
−

=
 

(8)

where A is a ground motion parameter will exceed a particu-
lar value a. Probability of ″A″ exceed ″a″ P(A>a|m,r) = p(z*) can be 
looked for in normal distribution table¸ see Figure 3.

Seismic hazard curve 
Frequency of a seismic event λ (A>a) for n number of earth-

quake sources was accounted for by the function:

( ) ( ) ( )1
| , )n

i M Ri
M R

v P A a m r f m f r drdm
=

 
> 

 
∑ ∫ ∫

   
(9)

where R is distance rupture-to-site, and M is magnitude. Rela-
tion between acceleration a and l(A>a) called seismic hazard curve 
(Figure 2a).

(Figure 2)

According to ground motion prediction relation and its period 
(the attenuation function) so based on Equation (9) and (10) can be 
accounted for a spectrum of ground motion parameter (e.g. accel-
eration ground motion) in probabilistic framework as a curve. The 
curve was called uniform hazard spectrum (Figure 2b).

Result of seismic hazard calculation
Computation of seismic hazard with PSHA procedure in the 

base rock and the ground surface has been done for Bali and Lom-
bok Islands, Indonesia. The Ground Motion Prediction Equation 
(GMPE) that was used in this PSHA are Sadigh et. al. [15], Abraham-
son-Silva [16]. Boor-Atkinson [19] for shallow crustal earthquake, 
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and for subduction zone have been used Youngs et. al. [20], and At-
kinson-Boore [22]. Calculation was carried out based on the seis-
mic sources and parameters as in Table 1 and 2. The seismic hazard 

computation on the ground surface needed the data of soil shear 
wave velocity (VS) see Figure 3 (Figure 3).

Figure 2: Example of seismic hazard curve (a) and uniform hazard spectrum (b).

Figure 3: VS30 data for Bali and Lombok.

Result of probabilistic seismic hazard analysis according to 
Equation 9 to develop spectra acceleration map can be seen in the 

Figure 4, 5, 6, 7 (Tables 1,2) (Figures 4-7). 

http://dx.doi.org/10.33552/CTCSE.2023.09.000721


Citation: Lalu Makrup, Elvis Saputra and Bambang Suryo. Development of the Amplification Factor Fa and Fv map based on the 
Earthquake Acceleration Map on ground surface and in Base Rock and Seismic Code. Cur Trends Civil & Struct Eng. 9(5): 2023. 
CTCSE.MS.ID.000721. DOI: 10.33552/CTCSE.2023.09.000721.

Current Trends in Civil & Structural Engineering                                                                                                              Volume 9-Issue 5

Page 5 of 12

Figure 4:  The spectra acceleration map for 0.2 s on the ground surface.

Figure 5: The spectra acceleration map for 0.2 s in the base rock.

Figure 6:  The spectra acceleration map for 1.0 s on the ground surface.
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Figure 7: The spectra acceleration map for 1.0 s in the base rock.

Table 1: Subduction source zones and parameters.  

Subduction Source Name Magnitude (Mmax) Rate (v) (Event/Year)
Parameter

a b

Java interface 8.2 3.2359 5.76 1.05

NTBT interface 8.1 4.3652 6.14 1.1

Java intraslab 7.8 6.4565 6.81 1.2

NTBT intraslab 7.8 6.4565 6.81 1.2

NTBT = west and east Nusa Tenggara
Table 2: Fault sources and parameters.

Fault Name Slip-rate (mm/year) Magnitude (Mmax) Rate (v) (Event/Year)
Parameter

a b

Pati 0.5 6.8 0.0242 1 3.383

Lasem 0.5 6.5 0.0213 1 3.329

Opak-Jogja 2.4 6.8 0.1159 1 4.0642

Flores Back-arc 28 7.8 2.0472 1 5.3112

Fa and Fv Amplification Factor Map
There are two procedures to calculate Fa and Fv amplification 

factor i.e. the first, based on the value of seismic hazard on the 
ground surface divided by the value of seismic hazard in base rock. 
The second, base on the value of seismic hazard in base rock combi-
nation with seismic code (Indonesian seismic code 2019). 

Use the data of seismic hazard map on ground surface 
and in the base rock

a. Use the data of spectra acceleration map for 0.2s period to 
calculate the Fa with the Equation (10).

( )
( )
0.2
0.2

Sa s GS
Fa

Sa s BR
=

 
(10)

b. Used data of spectra acceleration map for 1.0s period to 
calculate the Fv with the Equation (11). 

( )
( )
1.0
1.0

Sa s GS
Fv

Sa s BR
=

 
(11)

where Sa(0.2s)GS is the spectra acceleration map data for 0.2s 
period on the Ground Surface (GS), Figure 4, Sa(0.2s)BR is the spec-
tra acceleration map data for 0.2s period on the Base Rock (BR) 
Figure 5, Sa(1.0s)GS is the spectra acceleration map data for 1.0s 
period on the ground surface, Figure 6, Sa(1.0s)BR is the spectra 
acceleration map data for 1.0s period on the base rock Figure 7. 
Result of generating the Fa map was in Figure 8 and Fv map was in 
Figure 9 (Figures 8,9).
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Figure 8: The Fa map, calculated based on spectral acceleration map data on the ground surface divided with spectral acceleration map data in 
the base rock for 0.2s period.

Figure 9: The Fv map, calculated based on spectral acceleration map data on the ground surface divided with spectral acceleration map data in 
the base rock for 1.0s period.

Use the data of seismic hazard map in the base rock and 
Indonesian seismic code 2019 (SNI 2019)

c. Use the data of spectra acceleration map for 0.2s period 
to calculate the Fa with the Indonesian Seismic Code (ISC) 2019. 
ISC (2019) provide Table 3 to determine the Fa amplification fac-
tor, combine with the spectral acceleration map. Table 3 adopt from 
ASCE-7-10 code 2013 (Table 3). 

Result of Fa map determination based on spectral acceleration 

map for 0.2s period and ISC(2019) was in the Figure 10 (Figure 10).

d. Use the data of spectra acceleration map for 1.0s period 
to calculate the Fv with the Indonesian Seismic Code (ISC) 2019. 
ISC (2019) provide Table 4 to determine the Fv amplification factor, 
combine with the spectral acceleration map for 1.0s period. Table 4 
adopt from ASCE-7-10 code 2013 (Table 4). 

Result of Fv map determination based on spectral acceleration 
map for 1.0s period and ISC(2019) was in the Figure 11 (Figure 11).
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Figure 10: The Fa map, calculated based on spectral acceleration map data in the base rock for 0.2s period combination with Indonesian seis-
mic code 2019.

Figure 11: The Fv map, calculated based on spectral acceleration map data in the base rock for 1.0s period combination with Indonesian seis-
mic code 2019 (SNI 2019).

Table 3: Amplification factor for short period (Fa).

Site Class
Mapped maximum considered earthquake Spectral acceleration at short periods

SS ≤ 0.25 SS = 0.5 SS = 0.75 SS = 1.0 SS ≥ 1.25

A 0.8 0.8 0.8 0.8 0.8

B 1 1 1 1 1

C 1.2 1.2 1.1 1 1

D 1.6 1.4 1.2 1.1 1

E 2.5 1.7 1.2 0.9 0.9

F a A A a a
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Table 4: Amplification factor for period 1.0 second (Fv).

Site Class
Mapped maximum considered earthquake Spectral acceleration for 1.0 second periods

S1 ≤ 0.1 S1 = 0.2 S1 = 0.3 S1 = 0.4 S1 ≥ 0.5

A 0.8 0.8 0.8 0.8 0.8

B 1 1 1 1 1

C 1.7 1.6 1.5 1.4 1.3

D 2.4 2 1.8 1.6 1.5

E 3.5 3.2 2.8 2.4 2.4

F a A a a a

a is a location that should be geotechnical investigation.

Review of the Fa map
Fa amplification factor map was showed in the Figure 12, From 

the figure can be seen that Fa amplification factor value based on 
ISC (2019) and spectral acceleration for 0.2s period (Figure 12a) 

has the Fa value from 0.8 to 1.5. The value smaller than the Fa value 
that was calculated based on the ratio between spectral accelera-
tion value on the ground surface and spectral acceleration in base 
rock for 0.2s period. (Figure 12b) with Fa value 1.0-2.0 (Figure 12). 

Figure 12: Fa map based on the spectral acceleration map data for 0.2s period in the base rock vs ISC (2019) Figure 12a and based on the 
spectral acceleration on the ground surface vs in the base tock for 0.2s period Figure 12b.
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The calculation result of Fa map for Bali and Lombok islands 
based on ISC (2019) and spectral acceleration map data in base 
rock for 0.2s period (Figure 12a) was distributed irregular. Com-
monly in both islands amount of value of Fa calculation result was 
dominated by Fa value from 0.8 to 1.2. In the central of the map of 
both islands show the dark red spots with the Fa value range from 
1.2 to 1.5. The calculation result of Fa map for Bali and Lombok is-
lands based on the spektral acceleration map data on the ground 
surface and in base rock for 0.2s period (Figure 12b) was distrib-
uted more regular. For western muzzle of the Bali islands (Figure 
12b) the Fa value was dominated by value from 1.5 to 2.0. A little 

to the east of the Bali Island Fa value was distributed north-south 
direction with range from 1.0 to 1.5. For Lombok Island the Fa val-
ue result of the computation was distributed north-south direction 
with range from 1.0 to 2.0 the pattern of event a little evenly. There-
fore, from looking at this condition so can be stated that the compu-
tation of the Fa amplification values by the ISC(2019) and spectral 
acceleration map in base rock for 0.2s period (Figure 12a) have the 
result that little bit if compared with Fa that computed based on the 
ratio between spectral acceleration map data on the ground sur-
face divided with spectral acceleration map data in the base rock 
for 0.2s period (Figure 12b) (Figure 13). 

Figure 13: The Fv map based on the spectral acceleration map data for 1.0s period in the base rock vs ISC (2019) Figure 13a and based on 
the spectral acceleration on the ground surface vs in the base tock 1.0s period Figure 13b.

Review of the Fv map
Fa amplification factor map was showed in the Figure 13, From 

the figure can be noticed that Fv amplification factor value based on 
Indonesian Seismic Code (ISC) 2019 and the spectral acceleration 
map data for 1.0s (Figure 13a) has Fv value between 0.7 to 2.0. The 
Fv value Figure 13a the greater if is compared with Fv value that 

was computed based on the spectral acceleration map data on the 
ground surface divided with the spectral acceleration map data in 
the base rock for 1.0s (Figure 13b) with value range from 0.9 to 1.2. 
The Fv computation results for Bali and Lombok islands based on 
ISC (2019) and the spectral acceleration map data for 1.0s period 
(Figure 13a) is distributed north-south direction with distribution 
pattern less regular. Commonly in both islands amount of value 
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Fv calculation result was dominated by Fv value range from 1.2 to 
1.5. This Fv value, exist on the southern part of both islands. The 
Fv computation results for Bali and Lombok islands based on the 
spectral acceleration map data on the ground surface divided by 
the spectral acceleration map data in the base rock for 1.0s period 
(Figure 13b) was dominated by Fv value range from 1.0 to 1.2. For 
Fv value with range from 0.9 to 1.0 was occurred on approaching 
the north part of both islands. The Fv value in this range was dis-
tributed from west to east of the island. Therefore, from this con-
ditions can be stated that the calculation of the Fv amplification 
factor value with ISC(2019) and spectral acceleration map data for 
1.0s period have the Fv values which greater if is compared with Fv 
amplification factor value which was computed with the spectral 
acceleration map data on the ground surface divided by the spectral 
acceleration map data in base rock for 1.0s period [23-32].

Conclusion
The research has produced, the first Fa and Fv amplification 

factor map based on seismic code and seismic hazard map in the 
bas rock and the second Fa and Fv amplification factor map based 
on seismic hazard map on the ground surface divided by seismic 
hazard map in the base rock. The calculation result of the Fa am-
plification factor values based on Indonesian seismic code (2019) 
and the spectral acceleration map data in the base rock for 0.2s pe-
riod have the result which smaller if is compared with Fa values 
that was computed based on the spectral acceleration map data on 
the ground surface divided by the spectral acceleration map data 
in based rock for 0.2s period. The computation result of the Fv am-
plification factor values based on Indonesian seismic code (2019) 
and the spectral acceleration map data in the base rock for 1.0s 
period have the result that greater if is compared with Fv values 
that was computed based on the spectral acceleration map data on 
the ground surface divided by the spectral acceleration map data in 
based rock for 1.0s period. 

Recommendation
The research to develop a map according to the earthquake pa-

rameter map, still have opportunity to be carried out. As an exam-
ple, development of spectral acceleration map and the Fa and Fv 
amplification factor map for the other locations still can be carried 
out. So, development of another earthquake parameter map than 
what was previously mentioned can be done. As an example, also 
can be developed hazard disaggregation map with the new earth-
quake data. 
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