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In this paper, a preliminary seismic microzonation is 

proposed for Aceh Province which is necessary to be 

investigated after earthquake and tsunami on 26 December 

2004. Seismic microzonation is the most highly important to 

analyze the seismic risk and mitigation strategy. Required 

data to be demonstrated are geotechnical, geomorphological 

and geological information which are given to understand 

the map visually. All the available data was transformed to 

GIS format and the results are evaluated to obtain a 

microzonation with respect to site amplification, liquefaction 

susceptibility and landslide hazard.  

 

Delineation of the spatial variation in seismic response is 

modeled by using GSHAP and USGS data which is used for 

seismic microzonation mapping. The paper includes the 

modeling and mapping of ground motion on a local scale for 

Banda Aceh city, liquefaction and settlement hazard scenario 

by using CPT data. 

 

Keywords: Microzonation, GIS, ground shaking, CPT, 

Liquefaction. 

 

I. INTRODUCTION  

 

The purpose of this study is to propose a revision of the 

seismic hazard map in Indonesian Seismic Code SNI 03-

1726-2002. Some improvements in seismic hazard 

analysis were implemented in the analysis by considering 

the recent seismic activities around Java and Sumatra. 

Microzonation study is performed in order to obtain 

ground motion parameters such as acceleration, 

amplification factor and response spectra at the surface of 

Banda Aceh, NAD.  

Microzonation has generally been recognized as the 

most accepted tool in seismic hazard assessment and risk 

evaluation and it is defined as the zonation with respect to 

ground motion characteristics taking into account source 

and site conditions. Microzonation does not replace the 

existing National building and construction codes. 

Goals of microzonation are the identification and 

assessment of specific hazards (ground motion, ground 

failure, permanent displacement) with respect to 

agglomerations, large groups of house, industrial plants 

and hospital blocks. 

Microzonation requires analysis of a large amount of 

geological, seismological and geotechnical data. History 

of earthquakes, faults regime in the region, attenuation 

relationships, site characteristics and ground 

amplification, liquefaction susceptibility are additional 

important inputs required. 

  

General Method of seismic microzonation  

The microzonation is graded based on the scale of the 

investigation and details of the study carried out. The 

technical committee on earthquake geotechnical 

engineering (TC4) of the International society of soil 

mechanics and foundation engineering (TC4-ISSMGE 

1993) states that the first grade (Level I) map can be 

prepared with scale of 1:1,000,000 - 1:50,000 and the 

ground motion was assessed based on the historical 

earthquakes and existing information of geological and 

geomorphological maps.  

If the scale of the mapping is 1:100,000-1:10,000 and 

ground motion is assessed based on the microtremor and 

simplified geotechnical studies then it is called second 

grade (Level II) map. In the third grade (Level III) map 

ground motion has been assessed based on the complete 

geotechnical investigations and ground response analysis 

with a scale of 1:25,000-1:5,000. 

Seismic microzonation map requires some important 

data which are able to be taken from some online 

databases. Every country has own specific macro and 

microzonation since it depends on the geology map, 

geotechnical map, topography map and seismotectonic 

map.  

These maps are obtained by using some significant 

parameters which are  Population density, Scale of 

mapping, Grid size, Topography and Geology, Basic 

Geotechnical Assessment, Dynamic Measurement for 

shear wave velocity, Building stocks, Ground shaking 

intensity, Ground Motion Prediction, Surface faulting, 

Landslides, Liquefactions, Tectonic deformation, 

Emergency Management and Direct methods. 

The final products of the seismic microzonation 

investigation and mapping process are a set of five maps 

for the territory of the municipality: 

1. Surface faulting map 

2. Ground shaking map 

3. Liquefaction potential map 

4. Landslide and rock fall (slope instability) map 

5. Earthquake-related flooding susceptibility map 

The following phases should be followed when 

performing a microzonation study: 
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 Fig. 1. Microzonation Management Process 

 

II. Microzonation Maps 

 

A. Population Distribution and Seismicity in Aceh 

Administratively, the province is subdivided into 

18 districts and 5 big cities. The capital and the largest 

city is Banda Aceh, located on the coast near the northern 

tip of Sumatra.  

Aceh was the closest point of land to the epicenter of 

the massive 2004 Indian Ocean earthquake, which 

triggered a tsunami that devastated much of the western 

coast of the region, including part of the capital of Banda 

Aceh. Approximately 170,000 Indonesians were killed or 

went missing in the disaster, and approximately 500,000 

were left homeless, with almost all the damage occurring 

in Aceh. 

Figures (2), (3), table (1) and (2) are describing 

population distribution in NAD province respectively. It 

can be seen that Banda Aceh as capital city of NAD has 

dense population in the small region. If it is compared to 

the seismicity map in the figure (4), it is nearly close to 

the earthquake resource with medium and high magnitude.   

All figures below are created by using GIS software 

such as MapInfo v.10.5 and ArcGIS 10 and all data are 

taken from USGS, IRIS, NASA, Wikipedia and 

International NGO who helped Aceh people after 

earthquake and tsunami 26 December 2004. 

 

 

 
Fig. 2. Population density distribution in NAD Province 

 
TABLE I  

DISTRICTS OF NAD 

 

District population 
density 

(/km2) 

1 Simeulue 80279 44 

2 Aceh singkil 120043 37 

3 Aceh selatan 261307 74 

4 Aceh tenggara 105653 24 

5 Aceh timur 628288 119 

6 Aceh barat 251227 81 

7 Aceh besar 225948 80 

8 Pidie 479411 116 

9 Bireuen 340271 202 

10 Aceh utara 632200 264 

11 Aceh barat daya 110667 49 

12 Gayo lues 60800 11 

13 Aceh tamiang 234611 106 

14 Nagan raya 63640 19 

15 Aceh jaya 86601 23 

16 Banda aceh 219070 1546 

17 Sabang 23654 191 

18 Langsa 117256 342 

19 Lhoksumawe 188974 499 

20 Aceh tengah 182126 43 

21 Bener meriah 65018 30 

 

 
Fig. 3. Population density distribution in Banda Aceh City 
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TABLE II  

SUB DISTRICTS OF BANDA ACEH 

  Sub District population 
density 

(/km2) 

area 

(km2) 

1 Meuraxa 12189 1640 7.43411 

2 Kutaraja 7890 1865 4.23161 

3 Kutaalam 42664 5378 7.9327 

4 Baiturrahman 35153 7245 4.85183 

5 Leungbata 21437 5878 3.64687 

6 Bandarjaya 20352 11646 1.74755 

7 Jayabaru 20127 2640 7.62458 

8 Uleekareng 19865 3753 5.29362 

9 Syahkuala 32564 2159 15.0858 

 

 

Figure 4 below explains the seismicity (seismic 

activity) surround NAD province which takes 500 km 

from Banda Aceh. The magnitudes are distributed into 

three intervals which is assumed as medium (blue), high 

(green) and ultra high (red). This interval is just taken to 

consider damage cases which were occurred during 

ground shaking. Whereas the low magnitude is not 

considered since it does not damage cases affect on the 

building. 

Most of earthquake events were occurred at west coast 

of Sumatera and it can be clearly seen that Simeulue 

island has big potential to suffer huge shaking due to 

earthquake. 

 

 

 
Fig. 4. Seismicity of NAD Province 

 

B. Topography and Geology of Aceh 

Aceh lies at the north-west of Sumatra and is bordered 

on the east by the province of Sumatera Utara (North 

Sumatra). The surface of Aceh's mountains shaped, in 

the Gunung Leuser National Park to reach 3380 m 

altitude. 

Topography map is provided by some institutions 

which help scientists to develop seismic microzonation 

map. There are 2 map sources which are used in this 

report, which are, GTOPO30 (USGS); is a global digital 

elevation model (DEM) with a horizontal grid spacing of 

30 arc seconds (approximately 1 kilometer) and SRTM 

(Shuttle Radar Topographic Mission), is topography data 

center provided by NASA which is most complete over 80 

percent of the Earth has been generated. 

 

 
Fig. 5. Topography map of NAD Province 

 

The figures below describe the geology soil type in 

NAD. It can be clearly seen that the soil types are 

dominated by 3 types, which are Cenozoic, Quaternary 

and Mesozoic. 

The Cenozoic is the most recent of the three major 

subdivisions of animal history. The other two are the 

Paleozoic and Mesozoic. The Cenozoic spans only about 

65 million years, from the end of the Cretaceous and the 

extinction of non-avian dinosaurs to the present. The 

Quaternary is the most recent geological period of time in 

Earth’s history, spanning the last two million years and 

extending up to the present day. 

Based on the figure 4 below, most of soil types in West 

and East Coast Sumatera consist of Quaternary which can 

be identified as liquefaction potential due to lack of soil 

quality. 

 
Fig. 6. Geology map of NAD Province 

 

Banda Aceh as capital city of Aceh province has to be 

priority to do seismic microzonation. As a big city had 

experienced a huge tsunami and earthquake, this city 

needs a new geology investigation instead of an existing 

geology map from USGS. Nevertheless, as a resource 

reference, it is necessary as a first step to investigate the 

geology soil more detail. 
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Figure 7 describes a geology map in Banda Aceh for 

detail, where we can see that quaternary, as the 

liquefaction soil indicator, contains 92,79%.  

 
Fig. 7. Geology map of Banda Aceh city 

 
TABLE III  

GEOLOGY SOIL TYPE IN ACEH PROVINCE 

 
 

TABLE IV  

GEOLOGY SOIL TYPE IN BANDA ACEH CITY 

 
 

C. Ground Acceleration and Shearwave Velocity (Vs30)  

The primary goal of GSHAP was to create a global 

seismic hazard map in a harmonized and regionally 

coordinated fashion, based on advanced methods in 

probabilistic seismic hazard assessments (PSHA). 

The GSHAP strategy was to establish Regional Centres 

which were responsible for the coordination and 

realization of the four basic elements of modern PSHA: 

1. Earthquake catalogue 

2. Earthquake source characterization 

3. Strong seismic ground motion 

4. Computation of seismic hazard.  

 
Fig. 8. PGA map of Aceh Province 

 

Figure 8 and 9 describe Peak Ground Acceleration 

(PGA) at Aceh province and Banda Aceh City which were 

generated to create seismic microzonation. It can be 

clearly seen that this city contains high PGA value which 

is distributed from 0.23g – 0.26g. 

 
Fig. 9. PGA map of Banda Aceh 

 

 

USGS released a complete shearwave velocity around 

the world which is downloadable for everyone. The 

scientists are able to modify the shearwave velocity map 

by using GIS software to have specific map, for instance, 

the map of shearwave at Aceh province as following 

below. 

Based on figure 11, Banda Aceh city consist of low 

shearwave velocity range (180-240 m/s). It is comparable 

to geology soil which has been described at proceed 

paragraph where liquefaction soil usually has low Vs30. 

Geology Name Code Area (km
2
) Percentage

Water (River 0r Lake)  H2O 1630.69 2.88%

Quaternary (undivided)  Q 10074.59 17.79%

Cenozoic Cz 5165.90 9.12%

Mesozoic Mz 15951.51 28.16%

Areas outside of Asia Continent oth 1076.44 1.90%

Undivided Tertiary T 18955.72 33.47%

Neogene N 916.61 1.62%

Permian/Carboniferous PC 2870.69 5.07%

Total of Area 56642.14

Geology Name Code Area (km2) Percentage

Quaternary (undivided)  Q 48.0653 92.79%

Undivided Tertiary T 3.73329 7.21%

Total of Area 51.80
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Fig. 10. Vs30 map of Aceh Province 

 
Fig. 11. Vs30 map of Banda Aceh city  

 

 

 

D. Shake Map 

A ShakeMap is a representation of ground shaking 

produced by an earthquake. The information it presents is 

different from the earthquake magnitude and epicenter 

that are released after an earthquake because ShakeMap 

focuses on the ground shaking produced by the 

earthquake, rather than the parameters describing the 

earthquake source.  

So, while an earthquake has one magnitude and one 

epicenter, it produces a range of ground shaking levels at 

sites throughout the region depending on distance from 

the earthquake, the rock and soil conditions at sites, and 

variations in the propagation of seismic waves from the 

earthquake due to complexities in the structure of the 

Earth's crust. 

While current earthquake modeling techniques are 

sufficient for providing useful motion time histories and 

scenario ShakeMaps based on empirical means (e.g., 

ground motion attenuation relations), substantial 

improvement will require developing cost-effective 

numerical tools for proper theoretical inclusion of known 

complex ground motion effects.  

These efforts are underway and must continue in order 

to obtain site, basin and deeper crustal structure, to 

characterize and test 3D earth models (including 

attenuation and nonlinearity), and to improve numerical 

wave propagation methods to obtain useful, site specific, 

ground motion time histories. 

 

  
Fig. 12. Shake map due to earthquake on 26 Dec 2004 

 

Shake map above is created by using attenuation 

equation by Boore and others 1997 (BJF97).  Most of 

scientist in Indonesia uses this attenuation to obtain 

Ground Motion Prediction Equation. 

Unfortunately, Indonesia has no own attenuation 

equation since it needs a lot of accelerometer instruments 

which have to be installed in many locations.  

This attenuation model is used as the default relation in 

southern California for all events with magnitude ≥ 5.3. 

The relation has the form:  

ln (Y) = B1 + B2(M-6) + B3(M-7)2 – B5 ln R  

where  

Y is either PGA or PSA in g  

M is the magnitude  

R = sqrt(Rjb2 + h2), 

Rjb is the “Joyner-Boore” distance to the surface 

projection of the fault, in km. This model assumes a 

shallow fault and uses only a 2D fault model with no 

depth term.  
TABLE V  

COEFFICIENT OF BOORE’S ATTENUATION 

Slip 

type  

PSA 

Period 

(s)  

B1  B2  B3  B5  
h 

(km)  

Strike-

Slip 

PGA  -0.31 0.53 0 -0.78 5.57 

0.3 0.598 0.77 -0.16 -0.89 5.94 

1 -1.13 1.04 -0.03 -0.8 2.9 

3 -1.7 1.09 -0.09 -0.81 5.85 

Reverse  

PGA  -0.12 0.53 0 -0.78 5.57 

0.3 0.803 0.77 -0.16 -0.89 5.94 

1 -1.01 1.04 -0.03 -0.8 2.9 

3 -1.8 1.09 -0.09 -0.81 5.85 
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Average  

PGA  -0.24 0.53 0 -778 5.57 

0.3 0.7 0.77 -0.16 -0.89 5.94 

1 -1.08 1.04 -0.03 -0.8 2.9 

3 -1.74 1.09 -0.09 -0.81 5.85 

 

E. CPT data and Liquefaction Potential in Banda Aceh  

 

Liquefaction soil layer in Banda Aceh is a big problem 

which happens at west and east coast Sumatera. Most of 

important cities in Aceh Province such as Banda Aceh, 

Meulaboh, Aceh selatan, Bireuen, Lhoksumawe, and 

Aceh Timur have established since 50 years ago. But, 

after 26 December 2004, most of important buildings and 

infrastructures were destroyed by earthquake and tsunami. 

This disaster also raised liquefaction potential along 

west coast which has been destructed by Tsunami. 

Because of that, we need a specific map which can 

describe liquefaction area in Aceh province. 

This map needs soil investigation data which can be 

extracted by CPT or SPT test. In order to have good result, 

minimum requirement is one single data for 100-500 m 

length. If it is not fulfilled or CPT data are not sufficient, 

we could enlarge the grid until 1000-5000 m but the result 

is not enough to represent the real liquefaction situation. If 

the data are quite few, for instance just three CPT data, the 

map is absolutely not representative and scientific enough 

to be a reference for engineers or seismologist. 

In this paper, we are using CLiq v.1.5 software which 

uses Liquefaction Potential Index (LPI) and vertical 

settlement to create 2D map of Liquefaction and 

settlement. We have collected 20 CPT data in Banda Aceh 

city which have been taken from several resources. All of 

CPT detail data are given in this table as following below: 
TABLE VI 

LOCATION AND SOURCE OF CPT DATA 

CPT 

Point 
location Source 

cpt 1 SD 12, Banda Aceh German Red Cross 

cpt 2 SD 12, Banda Aceh German Red Cross 

cpt 3 SD 62, Banda Aceh German Red Cross 

cpt 4 SD 62, Banda Aceh German Red Cross 

cpt 5 
Asoenanggroe, 

Banda Aceh 

ATDR (Aceh Tsunami 

Digital Repository) 

cpt 6 Meuraxa UNOPS agency 

cpt 7 Meuraxa UNOPS agency 

cpt 8 Meuraxa UNOPS agency 

cpt 9 Kutaraja UNOPS agency 

cpt 10 Kutaraja UNOPS agency 

cpt 11 Syahkuala UNOPS agency 

cpt 12 Syahkuala UNOPS agency 

cpt 13 Kutaalam UNOPS agency 

cpt 14 Kutaalam UNOPS agency 

cpt 15 Kutaalam UNOPS agency 

cpt 16 Baiturrahman UNOPS agency 

cpt 17 Baiturrahman UNOPS agency 

cpt 18 Leungbata UNOPS agency 

cpt 19 Leungbata UNOPS agency 

cpt 20 Uleekareng UNOPS agency 

 

Figures 13 and 14 below illustrate liquefaction and 

settlement zone after earthquake 9.0 SR on 26 December 

2004. It can be clearly seen that critical subdistrict which 

has high potential for liquefaction and settlement are 

Kutaraja and Meuraxa since both area are located near to 

ocean and have huge impact on the Tsunami. 

These maps are given just as preliminary assessment 

since the CPT data are not sufficient to obtain liquefaction 

and settlement hazard map in Banda Aceh. There are 

many blank areas which need to do soil investigation. This 

can be done if Aceh government could share the existing 

CPT data to engineers or seismologist to conclude this 

map more accurate. 

 
Fig. 13. Liquefaction potential zone due to earthquake 

on 26 Dec 2004 

 

 
Fig. 14. Settlement prediction zone due to earthquake 

on 26 Dec 2004 

 

Calculation of the Liquefaction Potential Index (LPI) is 

used to interpret the liquefaction assessment calculations 

in terms of severity over depth. The calculation procedure 
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is based on the methology developed by Iwasaki (1982) 

and is adopted by AFPS. 

To estimate the severity of liquefaction extent at a given 

site, LPI is calculated based on the following equation: 

 

Where : 

FL = 1 – F.S. when F.S less than 1 

FL = 0 when F.S greater than 1 

Z = depth of measurement in meters 

 

Value of LPI range between zero (0) when no test point is 

characterized as liquefiable and 100 when all points are 

characterized as susceptible to liquefaction. Iwasaki 

proposed four (4) discrete categories based on the numeric 

value of LPI:   

 LPI = 0.00 - Liquefaction risk very low 

 LPI between 0.00 and 5.00 - Liquefaction risk low 

 LPI between 5.00 and 15.00 - Liquefaction risk high 

 LPI > 15.00 - Liquefaction risk very high 

 

SUMMARY  

Seismic microzonation in capital city which has dense 

population is quite important to anticipate earthquake or 

tsunami disaster. Use seismic microzonation maps in 

establishing priorities for redevelopment to relocate 

existing settlements to less hazardous sites and to create 

safer land uses and buildings in the course of 

redevelopment.  

Ground shaking, liquefaction and landslide map are 

necessary to be provided by local government as a 

guideline to relocate inhabitants which are leaving at that 

zone.  Before new building plots are approved, use 

seismic microzonation maps to assess the vulnerability of 

the lots, access and infrastructure in the event of an 

earthquake. 

Seek qualified engineering geologists or geotechnical 

engineers to review site-specific geotechnical reports 

submitted by applicants for development permits. 

Identify potential hazards to be addressed in the 

selection of sites and design of public facilities and 

infrastructure systems. 

CPT data should be fulfilled by engineers, seismologist 

and local government in order to find a complete 

liquefaction and settlement hazard map which is really 

important to design a master plan of city in the future. 

 

 

ACKNOWLEDGMENT  

I would like to express my sincere appreciation to my 

colleagues, Mr. Bambang Setiawan, S.T. MSc. and Mrs. 

Henny Dwi Purnamasari who helped me to find CPT test 

which is quite important to finalize this paper. Last but not 

least, the author would like to express the deepest 

gratitude to my wife and 2 babies for their understanding 

and love. 

 

 

 

 

 

REFERENCES  

[1] Lunne, T., Robertson, P.K., and Powell, J.J.M 1997. Cone 

penetration testing in geotechnical practice, E & FN Spon 

Routledge, 352 p, ISBN, 0-7514-0393-8. 

[2] Boulanger, R.W. and Idriss, I.M., 2007. Evaluation of cyclic 

Softening in Silts and Clays. ASCE Journal of Geotechnical and 

Geoenviromental Engineering June, Vol. 133, No. 6 pp 641-652. 

[3] Robertson, P.K. and Cabal, K.L., 2007, Guide to Cone penetration 

Testing for Geotechnical Engineering. Available at no cost at 

http://www.geologismiki.gr. 

[4]  Boore, D.M., Joyner, W.B. and Fumal, T.E. (1997). "Equations for 

Estimating Horizontal Response Spectra and Peak Accelerations 

from Western North American Earthquakes: A summary of Recent 

Work", Seismological Research Letters, (68) 1:128-153. 

[5] EMS-98 (1998). European Seismological Commission, 

Subcommission on Engineering Seismology, Working Group 

Macroseismic Scales, "European Macroseismic Scale 1998, EMS-

98", Editor G. Grünthal. Luxembourg, 1998. Homepage: 

http://www.gfz-potsdam.de/pb5/pb53/projekt/ems/ 

[6] Finn W.D.L. (1972). "Soil Dynamics and Liquefaction of Sand", 

Proc. Of Int. Conf. on Microzonation for Safer Construction – 

Research and Application, Seattle. 

[7] Iwasaki, T., F. Tatsuoka, K. Tokida, and S. Yasuda (1978). "A 

practical method for assessing soil liquefaction potential based on 

case studies at various sites in Japan", 2nd International conference 

on microzonation, San Francisco, p. 885-896. 

[8] Iyisan, R. (1996). "Correlations between Shear Wave Velocity and In 

situ Penetration Test Results", Technical Journal of Turkish 

Chamber of Civil Engineers, 7(2): 1187-1199 (in Turkish).  

 

 

http://www.geologismiki.gr/

