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Atrstract. This paper presents the analysis of seismic ground response of Makassar, the capital city of
South Sular,vesi Province in Indonesia, by ernploying an equivalent linear approximation of
non-linear response technique. In this way, in-situ geotechnical tests were undertaken to obtain soil
trechanics properties and establish shear rvave velocity profiles by using CPT and SPT based
empiricai correiatton fonnuias. acceieration time histories mociei" rvhich is consiciereci to'rre abie tc
propagate srmilar maximum credible earthquake, rvas used for input motion in computing seisrnic
ground response of typical deep sedirnent in Makassar. Our findings suggested that seismic rvave
travels fiorn bedrock to surface rvould be amplified at range of 0. I 249 to 0.3499 with amplification
factor of 1.14 to 5.54. Response spectral acceleration is found at range of 0.3159 to 1.501g with the
1--.-^----^^-- ^.C - ti TT- a^ an II- Tl-^ ^^..1I^^ ^C.1^^ ^i.-, -,,^-.ll -^-^.^^.,^+^ ^ l^i -'l^ ^^:^--^:^rrtrLlutrlrL,y ul t.wa ilz r\J Lu ltL. rlrg suurrr(;lrr drcds ur r.ris uil.y wuurLr LrrupdBa1Ls 4 iitEii ]si]rjriu
arnpiification, rvhiie the eastern areas woui<i yieici iorv ampiification. This is due to rypicai cieep

sediment seated on the southern areas is a thick clay overlying stiff sand. This r.vould create
irnpedance contrast, leading to reverberating a trapped seismic rvave in betrveen those two layers, and
then producing high resonance at surface level. Deep sedirnent rvith interbedded clay and sand or
interbedded sand and cla5, atro.,,e bedrocl.: would yield a larger seisrnic anplification than deep
- ,Ji,.- -.-....:.L -.-t.. ^I^.. -J^,-^i-^r^l ^- ^^-J l^.^-l-^r-l ^^il)trullttLlil- l!lr-il (rllr\ Lrdv rlrrillildtcu rI sdttt1 L_r(ilIIilldtcu:r(rr.

Introd uction

Damaged structure associated with earthquake is generally caused by strong ground rrotion. To
mttrgate severe rmpact ot' earthquake, selsmlc hazard mrcrozonatron should be conducted.
Microzonation is a tool of assessing seismic hazard and evaluating seismic risk on an area. The
product of microzonation is the characteristics of ground motion, rvhich is much controlled by
seismic sources at relatively closed distance to the area as well as site specific geotechnical conditions

l1] Microzonation comprises the fbllouing activities such as modelling earthquake mechanisri,
evaiuaiing the pn-rpagaiion oi seismic waves irorn beci rock to thc suriace, anti ihcn deveioping a
hazard map to rndicate the vulnerabrlity due to potential sersmrc hazard [2]. It rs very urgent to
conduct such assessment of ground motion hazard propagated by ea(hquake in one of the most
populated city in Indonesia. Makassar is a capital city of South Sularvesi Province where around 1.3

rnillion people residing on 175.8 km2 area. The city is located at a relatively low seismic area and its
^o-1-. ,'.^,,- A ^^^^1^-^+;^- /Drl A \ i. a-^haLilin+i^-l'1,. a1 rorda ^f f'.l fl(- +^ n 1 ^ I2.l LI^,,,^.,-- .i-^-yvq[ .i).v!aiiu owwwrwrolrurr \.i ur rl ,J llivuBuiiiolivsii] *. rqirSv ui v.vib Lv v. 16 LJl. lau]vvr vr, Jlrlwv

fulakassar is seaied ort a decp sediinerriarl' dcpusit, iiic ion seisinic rnagrtiiude couid be propagaied io
a high seismic ground motion. Therefore, rve endeavour to investigate horv large the seisrnic
propagation in ground surface with typical Makassar deep sediment deposits. Seismic ground
response analysis was undertaken by using an equivalent linear approximation of non-linear response
teehniqrre N,4akassar is loeated in southern a.rm of Sularvesi (Figrrre 1) Geomorphology of the eit1, is
relqtir..,l. llrt in (nurk-\tr/oct rn \lnrfh-\tripcf ornrrnrl I tn 1 mpfprc .hn.,o maon cA4 lot,-l i Nlql t ln th-vr lrLr srvurru , r\/ 

- 
rrrLLLiJ rLrvr \ 'rrrrL,r. 

rrr trrL

East-North to Hast-South of the cit,v, the ground surface is contouring ivith slope about 5". Quaternary
sedimentation liom Jeneberang River and Tallo ltiver has fbrnied ailuvial sediment rvhere the cifv
seaiins on. coverins about 859.+ of total area u,ith mare than 60% of total norulalron.
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PGA Based on DSHA

Iletennrnrstrc sersmrc hazard analysrs (DSHA) rvas rmplemented to assess peak ground acceleratton
(PGA) at bedrock level. A number of earthquake events, which is considered to have impact on
Makassar u,as collected, and then employed as seismic sources. The data is totally frorn historical
seismic record published by US Geological Survey. DSHA consists of identification of seismic
sources, their distance to Makassar, and selection of the controlling earthquake by using attenuation
equation [4]. Sevcrai iauits anci ihrusis aii'eoting ihe seisrrtiuity oi-iviakassar wcrc anaiysed, such as

Palu-Koro Fauit, Poso !ault, Matano Fauit, Walanae Fauit, Makassar'l'hrust, Lar,vanopo Fault. and

Flores Back Arc. It is around 837 earthquake events in the period of 1900 - 2015. The largest
rnagnitude of the earthquake events is Flores Sea earthquake in 1990, with M 7.1, located at around
270 km liom Makassar. The second largest is the Marnqju 1984 earthquake rvith M 7.0,266 km frorn
\r^t.-^".^* +l^^- +1"^ h/^;^-^ 1O(O ^^-+1"^.'^1,- ,',;+L lf ? n ?1( Ila {r.^* \r^1.^scor 'f l-o nlncact r{ictrnr.qividiioi)Jd.i, iiilii aiiW avia-iUif! i -O7 tal LiiLiUgiW tvili, lrl t ,v, L-r iaitt ti\rrrl rvauatoliiroi. I rrv wiUJwJa uii!4riw!

of earthquake eveiiis io lv{akassar is the iViatango 20i4 earthquake. with M 4.3, ai77 km nr.rrth of
Makassar. After seismic sources data was collected, empirical attenuation relationships of their PGAs
and distances were analysed in order to obtain a controlling earthquake. The attenuation relationships
used in this study are Crouse [5], Donovan and Bornstein [6], Joyner et al [7], and Fukushima and
Tanaka f 8] fonrulas lf was forrnd thaf conlrolling earthqrrake fbr Makassar is 0 034s at 22?..95 kur in
+ha nnrth nf I\loLoccar nlnco/ tn NzloienerrrL trur rrr vr rvrqr\eJJqr: !rvJwv av rYisJ!rr!.

Shear Wave Velocity and In-Situ Geotechnical Tests

To investigate Makassar's specific seismic ground response. in-situ geotechnical tests r,vere

conducted, conststtng ol jl (-'P ls and 24 SP l-boreholes. lhe quantrt),seetns to be less. )'et they are

still considered to be sutficient for this study as they are more representative of rnajor parts in the city.
Empirical correlations between skin friction of CPT and shear wave velocity ( Ii.), as well as its
relation to unit rveight of soil (Eq 2) were emplo.ved, based on Mayne approximation [9] [1t]1.

Y,: 718 8 log/, + 18.5 (1)

Figure 1. Satellite image of Makassar.

ii = 18,32.1o8(l'',, )) - (l.6l.l*S(--i) {2}
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rvhere Tsoil ts soil mass density, kN/m3,1,^1 is shear wave velocity, in m/s and: ls depth, in metres,

^^A .{ i- ^l-i- f-i^+i^- 11.D^\(lilu ./J iJ Jhiii llt\llluu \ Nr orl.

On the-basis of SPIs <iata, shear rvave veiocity r.las estimated by ustng Wair et al fbnnuia [11j. as

follow:
Vr- 3o'Nooo215'o'\,i't.)15 (3)

where i/ro is N-SPT with uniform reference energy ratio oi 60%, and o',, is effective vertical stress

(KPa)

qu'q.qla;,1"_",_,dli.
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Figure 2. Attenuation PGA "rH;.;ffi#;'ll]..., to Makassar.

Once the CPTs and SPTs data rvere collected, shear wave velocity profiles can be empirically
estirnated. As shorvn in Figure 3, the shear wave velocity profiles are much related to thickness and
type of soil in the sediment By usins site classification of InternationalBuilding Code (IBC) 2003.
t-roica! soil related to share wal,e v.'elocitrr can l-re identified. X4ost of soil is categorized as stiffto sofl-'"-"J ' _- _-'_-g

soil since the shear rvave velocity values are about 200 m/s. In the north coastal area such as Ujung
Tana, bedrock was found at -24.8 m, underlying a stiff sand and a bit clay. Similarly, in the South
coastal area, such as Barombong, bedrock was found at -23.8 m overlaid by stiff sand. In the Centre
Point ol lndonesia (CPl) located at the mid-rvest, bedrock was found at - 18.8 m, underlying 14 metres
lnanne clay and 4 metres strtt'sand. ln contrast, as rt rnoves eastrvard, sedrment rs shailowed at J m
deep, mostly dorninated by sand and a bit clay. As a result, central area has such transition from deep

to shallorv sedirnent deposits. For instance, in the central north, bedrock rvas found at about -i 1.6 m,
underlying stiff soil, whereas in central-south the bedrock was detected at -6 m, underlying clay and

stiff sand. Shallow sediment rvas also found at Tamalanrea. r.vith about 1.6 meters thick, rnostly stiff
1 T! 1. r 1,1 r | ' ! r' . .! 1 1'

sanci. iile resuiis conillmcd i.ilal iyplcai seolrnenl ln rns soulncrn ano wesrerrl areas ls ocep seolmenL

tvrth clay or sand domrnated soils anci interbedded sanci and clay. ln contrast" tn eastern area, the
sediment is shallow sedirnent with stiff sand.



Applied Mechanics and Materials Vol. 845 55

!
c15

o

?0

0

05

1

:1

E4

5

0

t

I

s'3

E4
5

6

7

0

2

4

-a:
38

Shear wave velocity (rrs)

0 100 200 300

Ujung Tana

Shear wave velsity (m/s)

oa@ ooo

Bawakaraeng

Shear wave veiocily (m,/s)

0 1 00 20c 300

Barombong

$hear ral'e v€locv lmsi
1':n 200 3C8

Shear wave velocity (m,s)

c 100 200 300

Shear wave velocily (rL1s)

0 100 2m 300

Antang

E
r 15

o

^10g
a
o l5

€'5

:' r' ..:.:,.,: ,.'' ,

"1
l

L,
I

i

i
I
!***l

j

I't
I
t

Tala Salapang

0

0.2

0.1

0.6

I o.a

a
1.2

'1.4

1.6

1.8

Figure 3. Shear wave velocity profiles of designated sites.

Acceleration Time Histories Model

Acceleration time histories model was derived from Sumatera earthquake 2007 model. available from
Sikr-ra-i Isla-nd sta-tion of Ca-lteeh Tectonics Observa.tory There are a-va-ila-ble three components of
acceleration data (NS, WE, and Vertical), however the acceleration NS rvas selected since it has

largest PGA values among the others. The model was scaled and filtered to get realistic model,
conlonning the PSHA based maximum PGA of Makassar at 0.1g (Figure 4) Tirne for peak
acceleration is 12.5 sec and mean square fiequency is 6.145 Hz
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Figure .1. Acceleration time histories model of Sumatera Earthquake withT .9 M was employed in this
study.
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Seismic Ground Response Analysis

Siic spccific grtlurtri responsg anaiysis was undertaken io sirnuiaie ihe i;eiraviour oi soii tiuring
seismic ioaciing. l'herefbre, lve utiiizeci equrvalent irnear approximation of noniinear response
technique, such as EERA [12], later development of SHAKE [13]. EERA is add-on program
embedded in Microsoft Excel, suitable fbr use in conducting a site-specific ground response analysis
[2]. As shonn in Figure 5, several steps rvere conducted as following: site charucterization by
.,+i1i-i-- (-D'f ^4,{ QD-f rloto nr^j..^i-- - ";*^1;{:^,{ .L.oor .',n-,o ..ol^^;+., ^.^fi1- N./t^n-'.,tr;1-urtrrzrtiti ur i 4iiu Ji i ugla, yruuuvrrrb 4 Jiiriyriirwu Jrtw4i aldv ! v viijlia] Piviiiw. ivivaiii i-r iii iu,

acceieraiiort tirnc histories oiarr earihquake irorr: sirortg rrtoiiort viriual data cen'tre oiCorrsoriiurn ol'
Organization for Strong Motion Observation Systems (COSMOS) was analysed. The acceleration
time histories rnodel of Sumatera?0A7 figure 4) was used as input rnotion for computing seismic
ground response of the city.

Ground motron anel geotechnical site charaeterization were used as input on EERA, computing
ground respcnse ot' horizontall., soil la5'ered deposits subjecteC tc transient anC horizontal
propagating shear rvaves through a single soil column. It was assumed that soil layer is
homogeneous, visco-elastic, and infinite horizontal extended. Soil's shears modulus and damping
values are a function of shear strain amplitude, detenriined frorn iterative process of effective strain
induced in each sub layer t12lt14]. The process is repeated until strain compatible with shear
.". -.1--l-.....-- l.l.------'.. ..!..... --.i.1- In 1.. ... r,.i.i-.| .r.,^ j i - -rl- -l - l-.IlluuLllusalluualllplllgvaiuuS,wll.ll lToellOrlllCOllvelglIlg. llliIIai SItrplSpi'OCeSSIligeai-rliquAiiedala.
In this study, default shear modulus-strain and damping ratio - strain curves in SHAKE9l and EERA
rvas used as its upper bound for soil type ofsand [15], clay [16] and rocks [17].

No

Slrong ground moticrs
(acceleratior.r time historics)

In-s1tu geotcahnical tests
(CPTs and SPfs)

Soil protiles data: soil np. thickness.
uril weight. sheu rvale vclociry', and
sliea trodulus ud damping cules

Vaiirlating
the resuhs

Analvsis the ground
r0sponses

Figure 5. Method of computing site-specific ground response analysis (Adapted from Setiawan t18]).
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Seismic Ground Response

Site-sper"ifir.; gruunti rsspurrss anaiysis ttuuugir ccluivaierrt iirrcar approxitrratit-rn of roniirrear I'csporse
technique was unciertaken based a number of in-situ tests data anci acceleration time histories model.
The results shorv that. ground acceleration at bedrock level w.ould be arnplified during the seismic
nave travel through the sediment. Hence, the ground acceleration increases fiorn 0.1g at bedrock
level, to be rninirnurn 0.124g and maximum 0.3499 at surface level. It can be seen in Figure 6, the
maximurm ground acceleration at surface level was found at Tala Salapang of Rappocini District with
0.3499, while the minimum one is 0. l24g at Tamalanrea. ln average, ground acceleration at surface

level is 0.2139 + 0 0,117g, and the data can be modelled as nonnal distribution probabilistic rnodel
(Figure 7).
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Tabel I Sumrnary of the results of site specific seismic ground responss of designates sites.

t\() rararneler
Designated sites

I Maximum accelcration at surface levcl 19) 0.146 0.1 97 0.1 7.3 0.124 0.349 0.237 $.219

2 Trme of maxr.mum accelcration lsec) 12.50 13 03 12.61 12.88 12.87 1"1 r8 t293 12.56

Mean scluarc liequencr' {lizl .1.00 5.59 4.41 1 t.68 8.87 7.15 9.-r4

4 Maximum acceleration at bedrock level 19) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

5 PGA amplllcatiiur flictor 1.81 2.U 2.06 2.U 1.141 5.5,1 2.): 4..1.i

b Lvlaxtmum straln {'/o.) U.UUU 1 U,UUtr U,U1O

lviaxtntum slrcss { K1'a ) +-i,Uf

I Frequenct' ol' marimnm amplification [Iz) 5.55 7.142 t+ 16.66 20 7.69 4.54 6.67

9 Fundamental tiequencv ol Fourier Speotrum Glz) L098 1.99 2.487 17.21 1.096 6..i85 .1.288 6.48i

I Ma:timum spectral accclerati on (g) 0.490 0.i 1 92 0.557 0.7625 0.315 1.50 r 0.690 1.202

9 Marimum spectral r'ciooitv icrvs) 53.02 49.71 32.46 31.665 36.753 36.69 3.1.25

t-I'i' = Ujung Tana, BRB : Baroubong- CPI : Central Point of lndonesia, A'l(i : Artang, 'fML : Tamalanrea. TLS = Taia Salapang

BW = Ilawakaraeng. NSD(} = North Sudiang
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Figure 8. Response spectral acceleration of designated sites in Makassar.

Table 1 presents several ground response characteristics in designated sites across Makassar. The
area with highest amplification factor was found at around Tala Salapang, with 5.54 factor and 7.59
Hz frenrrencv The aren with lovuest emnlification fac;tor wa-s found at arorrnd Tamalanrea with 1 
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t-actor at20 Hz frequency. Maximum strain in the topsoil layer resulted from amplified seismic wave
rvould be in the range of 0.0001?6 to 0.01%. In addition- the hiehest maximum stress rvould be
yielded at around Barombong'r,ith 4.605 kPa and the lorvest one would be around Tamalanrea r:ith
0.121 kPa Fourier spectrum indicates the fundarrental frequency due to seismic events would be at

the range of 1.096 Hz to 17.26 Hz.
Response spectrum analyses on several designated sites were obtained in rvhich a critical damping

ratio of 5% applied The results reveal a maximum response spectral acceleration at surface level
r,vould be rn the range oi'0.3159 r.vrth a 0.05 sec penod to 1.501g with a 0.15 sec pertod. Mostly areas

rvhere deep sedirnent located have similar response spectral acceleration profiles (Figure 8).

Barombong and Ujr"rng Tana have identical broader profiles of response spectral acceleration with
broader; horvever Tala Salapang and North Sudiang show a bit different proflles with more focused
profiles. Antang rvith uni-modal response spectral at early period confirmed its stiffness soil
setiimeni. On ihe oiher hanci, t.riirer areas witir muitirnodai response specirai irrdicai.e ihe depih and
type of seciiment.

Zonatian of Ground Acceleration at Surface Level

The zonation of sround acceleration at surface level emoloyed a natural neighbour technique- which
is a spatial interpo!ation based on Voronoi tessellation using a discrete set of spatial CP'Is and SPTs
data. The zonation of ground acceleration at surface level can be seen in Figure 9. In southeln area,

such as the districts of Rappocini, and Panakkukang, and eastern part of Tarnalate district, it rvas

fbund that high ground acceleration at surface level rvould be propagated. ln addition, in the districts
of Makassar, and Ujungpandang, the propagated ground acceleration rvould be a bit lorver than that in
the southern area. It rvas also tound that the dtstrtcts of Manggala, and 'l'amalanrea would yteld the
lorvest ground acceleration. This is due to the characteristics of sediment in the southern areas

becoming the primary contributing fbctor to very high ground acceleration yielded. In southern areas,

typical sediment is deep sediment consisting of very thick clay overlying stiff sand" The sediment
coLrld be up to 14 rneters thick, where its upper layer is clay at about 8 meters thick, and the bottom
iaycr is sanci wiih 6 rneters ihisk. in simiiar irend, in the casiern area oi Tamaiats distrisi. the
seciiment is aiso very deep, at about 25 meter thick, in which 6 meters thick clay or,'eriytng 19 meters
thick sand. Similar type of sedirnent rvas also fournd at Tala Salapang where the sediment is only 6
meters thick, but its upper layer is dominated by 4 metres thick clay overlyinga2 meters thick sand.

Such condition has created large impedance contrast between the upper layer of clay and the bottorn
l^,,^- ^f .^-.l A" .^i.-i- 1rior..r rrorralo €-^,- k^,{-^^L +n iLa....f-^^ i+ ,.^.,^" +l'.^.."L 1Lo.o,li,-o-rlOlvi irl Jdrfu. T\i Jvrlriliiv irotv atutwiJ iiutli uwuiuwt\ au lrrv Jullevw, rr irrvr!i lrilvq6rr rrlv iguirriwiti

rrraierial lrorn stifisanci with iarge itnpedance io ciay rviih srnaii iinpedarice.apaciiy. As a resuii"

seismic waves get trapped in betw.een clay layer and sand layer, and they begin to reverberate, leading
to high resonance at surface level.

Figure 9 also indicates that although coastal areas are seated in ver1, deep sediment, they rvould not
yield a high grounel surtace aeceleration sirnilar to the snrrthern areas The sediment is cla1, dominated

^r "^^.l ..lnminotorl "^il .*,hi^h l"." rliffo.ont crnrrnril racnnhca ln cpicmin rmntion In thic orpa nrrvl Jurrv uurtlrrrct(!u Jvr, rlrrrLrr rruJ utlt!twttt 6rvurru lvJyvrr.rL rrr\/(rvrr. rrr (rrrJ qr!q. rru

impedance contrast was lbund since material is more hornogeneous clay or sand. Nonetheless, the
coastal areas adjacent to the centre of the city rvould yield moderate ground surface acceleration since
their sediment is interbedded underlying a 7 meters thick clay and 17 meters thick sand. By
comparing ground acceleration in southern areas and coastal areas" it can suggested that typical soil
sedirnent in whieh underlying sancl interbedderl with clay rs more vulnerable to he ampiified than the

sediment where more homogeneous sand or clay deposited. In addition, the sediment with underlying
clay interbedded with sand would yield abit lor,l,er ground acceleration than the sediment with rsverse
interbedded, underlying sand to clay. Clay soil has larger damping capacity for seismic wave than
sandy soi1. This rneans clay soil would act as absortrer w'hen seisrnic $'ave travels through. As it is
absortred, the rncrease rn amplrtude ot"sersmic rvave due to resonance can be mtttgated. i'hrs rmphes
the irapedance coxtrast is small for the case of clay overlaid by sand, leading to lower amplification.
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Figure 9. Zonatian of ground acceleration at surface level in Makassar.

Summary

Thrs paper has presented sersmrc ground response rn Makassar by using equtvalent ltnear
approxirnation of non-linear response technique. A number of tindings can be derived as follow':

1. ln the case of 0. 1 g considered as possible PGA at bedrock level, deep sedirnent would arnplify
seismic wave. Cround acceleration at surface level is tbund in the range of 0.1249to 0.349,
and the amplification factor varies from 1.14 to 5.54. in average, ground acceleration at

suriace ievei in iviakassar is aucounteti for 0.2i39 + 0.04i79.
2. Response spectral acceleration at surf'ace levei is found tn the range of U.315g to 15019 at

frequency frorn 7.69 Hz to 2AHz.
3. High ground acceleration at surface level is found at southem area of the city such as

Rappocini District, and Panakkukang District, rvhile low ground acceleration is found at
oociarn oroncLuJrLr ir CiLOJ.

4. Typir"ai deep seciirnerti rviih inicr'irctjdcd uncicrlying saiitj wiiii clav rvoulci propagaie iargei
anrplification factor, than the sediment rvith more homogeneous soil deposits.
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