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in a simple w'ay, one dimensional ( I -D) model tests were conducted by imparting impact loading to a soil column with
and r.vithout capping layer. The study aims to investigate the probable cause ol lar-ee-scale florv faiiure at Juno Oge
village in Palu, lndonesia due to 2018. Donggala earthquake.
Keywords: excess pore water pressure. capprng layer, flow'failure

1 lN- l'R0DtjCl'l0N

On the 28 September 2018. a magnitude Mw 7.5
earthquake struck the central Sular.r,esi region of
\4inahasa Peninsula of Indonesia The epicenter of
earthquake was located at about 80 km nofih ol the
orovincial caoital Palu rvith a focal depth of 10 knr
Extensive damage was occurred to the transportation
systems, bridges, earth structures and residentral
buildrngs due to the unprecedented and r.videspread

iateral spreading and flow failures rn Jono Oge village rn
central Sulawesi region Analysis of aerial photographs
catltured by Unmanned Aerial Vehicles (UAV) and
satellite imases revealed larse scale flor.r, movement ol
sorl from [0 m to 1 Km in some areas r.vith a ground of
very gentle slope (1ess than 292i,) This kind of large scale
soil movement ."vas also observed in Hakusan Drstrict
during 1964, Niigata earthquake (Kawakami and Asada.
l966). The lateral flow was triggered during the extreme
everlt and lasted tbr several mrnutes atler the end ot'
shakrng. Simrlar case of flow failure was reported in past
in Lower San Fernando dam during 1971, San Fernando
earthquake where the failure occurred aller around 1

minute of the cease of ground shakrng (Bolton, 1987)
While, inertia force due to earthquake is mainly

consiciereci as the cause of such tariure. there are many
other I'actors whicir contribute as weil, considerrng the
site conditicns and mechanism of 1964, Nrrgata and
1971, San Fernando eafihquake. For example, in Nirgata
the ground lithology based on bore-logs was found to be

stratifled u.ith silty sub-layers sandwiched between loose
sarrciy iayers (Kishi<ia, i966) 'v'arious sruciies iravc t-:ecn

have carried out in the pasi to siuciy the iniiuence ofthese
low permeability sub-layers on the onset of liquefaction
and lateral flow failure. A series of niodel tests were
condricted by l(okusho, 1999 which reveaiedthat ila site
with sandrviched lithology liqueties, the excess pore
,,,-r^- l^ r-^-^-^^l 1^^l^--. eL - 1^--- ------^..Li1lr, 1---.--
w4rEl l) Lr4ppgu uGtuw Lirs r\Jw pEriiic4uiirry to-ycI
. .: tI- - I l : - .:prs\riiiii-rg ii-re rapid Lirssipaiiuii ui pdi-E \\aief pressuie
developed rn liquefiable sandy layer belo*, it. This
inhibition ol excess pore water pressure dissipation u'ill

decrease the resrdual shear strength of the sandy' sorl
layer to less than inrtial static shear stress. Consequentlv,
gentie slope flows laterally by gravitational forces till the
equrlibnum rs achreved.

In thrs study, the authors investigate the possible
mechanism of the flow failure and contribution of water
ilim rbrmation uncier lsu, permeabiiiry ia1,s1s aiter onset
of irquefaction in iiquefieci sanciy soii cieposits in Juno
Oge, Palu To serve the objective of this study the authors
have conducted a series of field investigation and
laboratory tests including PDCPT soundings and 1

Dimensional sorl model tests fbr evaluating the
i iq uei'aciiorr rrrecirairisrrr oi sir aii iied sor i.

2 FLOW FAILURE TN JUNO OGE

2.1 Event History
Juno Oge village is located in Palu city in Central

Suiawesr Provrnce of Inclonesra. \,Vrth multrple actrve
strike slip fbuits and subduction zones in the regron,
Sulawesi tends to be complex seismically active zone
The vrllage was struck by a powerful earlhquake of
magnitr"rde Mw 7.8 on 28 September 2018 with strong
foreshocks and aftershocks The event caused large scale
iiquefaction anci iaterai fiorv faiiures across the crfv Fig
I cieprcts the intensity contour of Paiu city aiong rvitn the
liquefaction susceptlbility map for September 28,
Donggala Earlhquake. It can be seen from the map that
the event had nraximum ir"rtensity in Juno Oge area with
the highest liquet-action susceptibility even after being
awav ir orrr rirc cpicelrtel.
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Fig. l. Intcnsill contour rvith liquefaction probabilitl. map of Palu
citl, for Septernber 28. Donggala Earlhquake (USCS. 201 8)

2.2 Site Condition
The str.rciy area was iocated in Sigi R.egency in iuno

Oge viiiage Fig 2 shows the condition of the
investigated site at Juno Oge before (Fig. 2(a)) and after
the event (Fig 2(b)). The srte consisted of agricultural
fields with a sparse population and an a ven- gentle
sloping ground of less than2ok (Fig 2(c)) Furthermore,
an irrigation channel rvas located at the eastern side of
failure zone as shown in Fig. 2(b). Due to the presence
of irrigation channel, the ground r,vater level was very
high (< 5m tiom ground surrface). This also contributed
to the flow' failure at the site. Earlhquake induced
liquefaction triggered massive flow slide whrch
breached the water channel discharging a large volume
of r,,r,ater into the already t-ailed zone thereby causing
massive mudflow as depicted in Fig 2(b)
2.3 Field Tests

Several large-scale ground lailures in the central
Sularvesi including flow failure rn Jono-Oge was a
motivation for researchers of geo-disaster laboratory of
Kyushu University to conduct a reconnaissance after
earthqualie in Palu. Post- event reconnaissance included
photographs taken by Unmanned aerial vehicles (UAVs)
for damage and geological mapping. Furthermore. rn

order to evaiuate site condition and risk of return of
similar cases in the future, site rnvestigatron including
soil sampling and field tests such as portable dynamic
cone penetration tests (PDCPT) rvas performed at
liquefaction sites.

Fig. 3 shows the location of PDCPT tests (PDCPTI
to PDCPT5) and location of soil samples (S I to 55)
collected at depth of 0.5 to 2m Except PDCPT I which
was conducted in out of failure zone, the rest of them
were conducted withrn the failure zone.

Ground rvater level was observed within a meter of
ground surfhce in failed zone which indicates high risk
ofreliquefication at susceptible areas in the future events.
The results of PDCPT I, 4 and 5 are plotted in Fig 4(a).
Ground water table w.as seen at depth of 2.3, 0.9 and 0.75

m from ground surface. Results of PDCPTl (out of tlow
failure zone) indicates presence of a 2.5 m of layered
loose to medium dense sandy soil deposit on top of
relatively loose iayers (SPT \,1 value<5) of sandy-silt
soils.

Comparison betrveen results of fieid tests at PDCPTI
u,.rth that of'PDCPT4 and 5 shor.vs similarity between N
values for very iirst I -2 m of soil below the ground
surface at PDCPT 4 and 5 with that of PDCPTI at deptlr
2 5m below ground surface. This rnay explain the
possibie contribution ofunderlying loose layer ofsandy-
silt sorl in tlor,v failure of gentle ground. Grarn size
drstribution ol soil samples and Scanning Electron
Microscop-v {SEM) image of sample 52 as representatrve
sample are shown in Fig. 5 All the samples were
classified as silt with low liquid limit (ML) according to
JGS 0051-2009. Furthermore, specific gravity oi
samples range between 2.62-2.65.

ln order to better understand stratigraphy of soil
J^^^-i+- -+ +L- a^:1..-^ -^.^^ .--^1^^^l L-. -^J l:.-^ L^-^L^1^u!pvJrrJ 4r Llr! l<trlur! zurrvvlrvruJlu uJ iuu iiii!) uutuliuit

ciaia ,f a Siaii,jard Pciietraiioii Test (SPT) peif.ii'iiic.l at
location SPT I (in Fig 3a) is plotted in Fig 6 As seen
tiom Frg. 4b layers of silt and silty sand are placed over
ar.rd betrveen the sandy layers which may increase the
liquefactron susceptibilify- of deposit. Therefore, rt is
necessary to furlher inestigate the effect of low
permeable capping layers in liquetbction induced flor,i,
failure in Jono-Oge.

#
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Figure 2: Lateral flow area in Juno Oge due to Donggala
Earthqualie. (a) bedore Ilorv failure. ib) after flor.v f-ailure rvith mud
florv and u'ater channel and (c) slope profrle of the florv area
{urodified from Google Ea(h).
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and 0 615 respectivelv. For Pearl clay. the Gs is 2.71 and
the liquid limrt and plasticity index are 49o/o and 27o/o

respectively (Sun et., al . 2004). The schematic
experimental setup is given in Figure 7
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Fig3. (a) Location of PDCPT tests and soil samples (b) LTAV3D
map ol PDCPT3
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Fig5. (a) grain size distribution of soil sarlplcs (b) SEX,{ image of
sarnple 52

2.4 lD Model Tests
To understand the mechanism of lateral flow" at Juno

Oge, lD model tests were conducted in lab creating
similar soil stratification conditions as obser!'ed liom
field tests ln this study, the lD modei tests were
conducted using loose saturated Toyura sand with a layer
ol-Pearl Clay sandwiched between the sand iayers Pearl
Clay was used as a capping layer to simulate the
presence of a silt seam or clay layer and evaluate it's
effect on the dissipation of excess pore water pressure.
The grain size distribution ofToyr"rra sand and Pearl clay
are given below in Figure 6 The Toyura sand has
specilic gravity. Gs is 2.65 and emax and emin of 0.977

Figure 7: Schenratic diagram ofexperimental setup.

Here in Frg. 7. the Dr is the relative density of the
sand layer. A.4 and A3 are the accelerometers w.hile P5,
NP1 and P2 are the pore water transducers. A condition
of liquel'action was generated by provrding a shock
through a hammer blow to the lD setup. The resulting
excess pore water pressures ar.rd accelerations at various
points r.l,ere measured and anaiyzed for conditions with
clay seam and without clay seam.

2.5 RESULTS AND DISCUSSIONS
The results for lD test after a single impact of

hammer have been piotted and shown as a ratio olexcess
pore w'ater pressure to maximum excess pore water
pressure (u/umax). The u/urnax value has been plotted
against the duration to show the effect of clay seam on
development and dissipation of excess pore water
pressure in saturated sand under impact loading. Here in
Fig. 8, the excess pore water pressure B (1 ) is for no seam
condition whrle B (2) is for condition rvith a sandwiched
clay seam. The location of pore pressure transducer is

.1ust below the clay seam. From the figure it can be
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obsened that ratio u/umax for B (2) takes ionger
duration to dissipate after reaching peak and still has a
higher value while that for B (l) is dissrpated. This
implies the capping eff-ect of clay seam which inhibits
the drssipation of excess pore water pressure in the sand
layer beiow Further in Fig 9 the plots for u/umax versus
duration for pore pressure transducers A and C are

shorm, rvhere A is located above the clay seam and C is
located at a distance of I5 cm from the bottom of the
sand layer with Dr l)oh. Here for both the transducers
the duration for dissipation ofexcess pore water pressure
for sand rvith clay seam is higher than the condition
without clay seam This shows that the presence of a low
permeability layer can not only hinder the dissipation of
pore water pressure in adjacent areas but also in regions
at a higher distance from the laver vertically.

Further Fig. l0 depicts the development of water
1^.,^- l-^1^.,, +L^ ^l^., -^^* E;.- 1n{-^\ ;- -^^^-.l^,{ ^+ 
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(b) depicts the maximum thickness of the water film at t
* 5 secs w'hile Fig 10 (c) shows the decreased rvater film
thrckness at t + 35 secs. This shows how the water frlm
drssipates slowly in turn influencing the dissipation of
excess pore $,ater pressure from the belor+, sand layers
by forming an impermeable capping layer

uluar+r vs Tirte {l}}

(c) l'
I

T.t + 35 secS

Water frlm

Figure l0: Formation of rvater laver under tire clal- searn at

different titne durations: (a) Time (T) : t secs, (b) T = t i 5 secs

and (c) T: t f 35 secs.

Conclusion
The authors conducted site investigation at Juno Oge

viiiage iri Palu irttlorrssia ail'Lcr 'rirc 20i8, Durrggaia
ear'tircluake wiricir caused large loss of lrfe as weli as

infrastructure Multiple field tests including PDCPT and
aerial drone photography were conducted. From the field
tests it was observed that sandy soil consists ofsilt layers
sandwiched in between, 1D model tests were conducted
to ascertarn the cause of flow-- failure by simulatrng the
site conditions as per the observations of field
investigations From the results oi I D model tests, it ivas
observed that the presence of a low permeability sub
layer sandwiched between saturated sand iayers can

delay the dissipation of excess pore water pressure due
to impact or dynamic loading. This deiay in dissipation
of excess pore water pressure can reduce the residual
strength of sorl to the static shear stress. This in tlrrn can
cause lurther instabilrty in the top layer by causing
excessive settlemellts and flow failure.
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Figure {i: Dissipation ofexcess pore $.ater pressure vsrsus
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