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Abstract.

Engineering practices, natural and nrmaade vybrations phenomena such as blasting,

construction machinery and operations, and vehicle traffic vibrations can cause stresses to soils. In addition,
changes in moisture content may affect the speed of liquid penetrating the soils. Therefore, the irapacts d
to vibrations and changes in moisture contents need to be addressed to ensemeirgement
sustainability. This can be achieved by conducting laboratory experiments to determine the behaviour of
deformable doublporosity soil samples with differemtater contents subjected to Rapeated vibrations.

In this study, aggregated laterite soil samples were prepared with 30% and 34% moisture contents. Each
aggregated soil was poured into an acrylic column then the soil was compressed detanpnened bight

of 10 cm. Testing was performed on each soil column using a vibrating table where accelerometers were
installed to measure highequency acceleration time histories on the surfaces of the vibrating table and
laterite soil. The tests were conductsdificreasing the amplitude of displacement and the acceleration time
histories were collected to record maximum amplitudes. The results showed that the soil surface
acceleration in nomnepeated vibration was increased with increasing moisture contentgasltalso
discovered that the speed of liquid penetration was influenced by vibration due to rearrangement of soil

particles and changes in

1 Introduction

Naturd and marmade phenomenacan cause
dynamic stressot be imposed on sojlssuch aswas
experiencedduring the earthquake eventshat were
reportedin Ranau and Tawau, Sabah, Malay$ia?].
Figure 1 displays the ground failure effect after an
earthquakehit Ranau, SabahThe after effects of
earthquaks result in volumetric deformation of soil
aggregate structures, ko macro structure
rearrangemest unstablesoil structureconditionsas well
ascracked soif. All of thesealterations ultimatehaffect
the condition and charactestics of pore sizes.
Earthquakericidents hge caused damage and leaksge
to underground drainage pipes and liquid tgik2].

Therefore the vibration andseepag®f liquidsin the
ground soil is a problem that requiresajor emphasis
and attentionto ensure the sustainability of the geo
environment. Thdractured soil reducethe intact soiV
shear strengit and increasehydraulic conductivity®.
The speed and pattern of fluid migratien ultimately
affected bysoil structure According to aisting research
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soil

structure and porosity characteristics.

by ° it has beerrecognisedthat cracked soil playan
influential role towardsthe flow of water that goes
through problemat soil. Similarly, * hasidentified the
significant changes of mechanical propertmsd the
hydrologicalbehaviourfound in fractured porous media.
Soil that displays tw specific scales of porosity medsa
known asdouble porosity medi&

In the practiceof engineering natural and mamade
occurremes can be the triggering factor that imposes
dynamic stresgo be puton soils. These phenomena
include earthquakes, wind and wave loadinghicle
traffic vibrations and blasting and construction
operations. $ V R &t@ngth behaviour during vibration
does notonly dependon thephysical properties of the
soil such as cohesion, internal friction angle, mineralogy
soil particles, density, rgin size distribution, void ratio
or dry density, and moisture content, but also on
characteristics of vibration such as amplitude,
acceleratiorandfrequency.

The researcherhave recognizedhat the prevalent
problem of gathering reliable datan the movement
behaviour of immiscible fluid and the physical
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laboratoryis to understand, observe, monitor and solve
suchissues Accelerometer response analybss been
applied to identifythe dis-amplification or amplification
shakingprocessn the soil sanple. Sg, there is a need to
explorethe deformation behaviour @bil mediadue to
vibration attemptsn orderto bridge theresearctgap It

is importantto determine the physical phenomena of
deformable doublgorosity and takeinto consideration
the different moisture contesmtand different vibration
amplitude methoslin soil.

Fig. 1. Ground failure after eart quz;keRanau, Sabah

2 Experimental theory

Soil structureis affected by earthquake vibrat®oand
moisture content. It iscknowledgedhat soils displaya
range ofdifferent structures at different scales, and that
soils are not completely homogeneous in character.
According to ° doubleporosity media (in usual
conditiors termed as%oil " displaytwo specific scales
of porous mediaDoubleporosity medids characterized
using dfferent hydraulic properties and pore sizes with
two specific sulregions in soil’. The soils with intra
and interaggregate pores for aggregated innate soil
display poresize bimodal distribution that cadpe found

in compacted soils and agricultural topsdiB-9]
Additionally, ** discovered that soil in laboratory can be
used to create doubmrosity characteristic/hich are
performed under constant pressure head, initially with

doubleporosity for onedimensional infiltration
experiments.
Generally, in earthgpke engineering, laboratory

The deformation of dubleporosity soil is due to
vibration effecs, which, according td? is defined as
strong earthquake shedk thatmeetwith watersaturated
granular soils such as soil and sand may liquefy and
cause deformations bringing along with it great
destructive power® had also demonstratedising the
principle analysisthat liquefaction is not a rigidly un
drained process, bittis in fact the grain rearrangement,
fluid movement and cimges in permeability which lead
to strength loss in soil structure. Furthermore, formations
of fractured porosity are characterized by wdtearing
formations, while a fracture is created from a break of
the rock masses caused by tectonic forte
Computational and numerical methods ihe past
decades were mainly used in studies of depllmsity
media,where most researchers such'gs [13 A7]used
fractured rock a their media. However, as these
previous researcheifsad mainly usednumerical models
for the study of doublporosity soil mediareal physical
experiments werperformed less often.

Recently, the physical experimental methods on
doubleporosity soil have begun tobe used by
researchers such af/], [18£20]. Actual physical
experiments are verghallengingto perform irside the
laboratory, especiallydue to the reasons thdarge
fractured rock is hard to find andthe process of
relocating actual samples frothe site to the laboratory
is very complicated and accumulatéigh costs to
executeThere is also a shortage mécessargquipment
asonly afew pieces of equipment are availablectory
outthephysicalexperimens.

Previous experimenthave mentionedaboutdouble
porosity mediaand this has contributed to a deeper
understanding of soil behaviour the doubleporosity
form. These mentioned experiments were limited to
common aggrgated method and numerical model in
doubleporosity soil,however there was nappication
or vibration effect tested orthe soil sample To the
best of our knowledge and from having reviewed other
research paperdt can be seen that there is a reskarc
gap to be observed and identified with regards to
laboratory experimentson crack doubleporosity soil

equipment has been utilized to evaluate structures orynger vibration effect. Essentially, this study covers the

ground responses. The bedrock motion with highest
response is called Peak Ground Acceleration (PGA)
whereaghe free surface motion with highest response is
calledthe PealSurface Acceleration (PSAIf the value

of PSA is higher than PGA this demonstrates
amplification Contrarily, ifthe value of PGASs higher
than PSA this demonstrates diamplification. For this
study ground response analysigas adoptedo model

the acceleration responses on the soil sample by the

propagation of ground motion to the surfackhis
analysis was chosehecausgin practice, the ground
response analysis oftenused to determine the crack
and amplification of the respons®loreover for this

physical laboratory experiment model where aggregated
soil sampls are vibrated using a vilating tablewhich
usesa specific experimental setup to analylseground
response and doubpmorosity soil characteristicSince
the first half of the last century,hére has been
significant progress in understanding the effects of
vibration on the sangth and deformation properties of
s0ils[21-22].

A number of different experiments with vibration
application have been nducted on cohesive and
cohesiorless soils that generated valuable dhtt has
led to the discovery ofimportant conclusion$23-24].
Increase in acceleration will decrease the internal friction

laboratory study, the terms PGA and PSA were Changedapproaching to a limit value which depends on the

to more suitable namedo better reflect on the
experiment conditios) and were renameals Peak Table
Acceleration (PTA) and Peak Specimen Surface
Acceleration (PSSA).

properties of a soil. Doublgorosity sd is used to
characterize soils that consist of two specific-sedjions
and display different characteristics of pore sizes and
hydraulic properties. It also displaybimodal poresize
distribution due to the condition of intaggregate and
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intra-aggre@te pores in aggregated soil, which can be
found in compacted soil and alsoagriculturaltopsoil§ V
[8-9].

Meanwhile, ?® had conducted aonedimensional
drying and consolidation eeriments on aggregated
kaolin soil. It indicated that the aggregated soil response
approachedon nonaggregated soil in termef fluid
retention andcompressibility when applied above a
certain vertical stresdn addition ° had perfomed a
cracked soil networkni experimental toestimatethe
flow rate. The researchetad found that theflow rate
through the cracked soil network is bigger when
compared t®oil matrix for seepage rate

As mentionedby 8 thereis stil a gap in open ‘
literatureon investigations via experiment on immiscible ,/
fluid movement in doublgorosity soils. Therefore, to
achieve the aim of this studypased on the previous
literature, the objectives of this study are(i) to
investigate the acolation response on noapeated for
doubleporosity soil with different moisture contemind
(i) to determine intelaggregate and intraggregate on
vibrated dould-porosity soil characteristics.

3 Materials and methods

In this study, the laboratory egpment setup and 5 "( Side vie
procedurs consisting ofthe physical apparatus, soil Fig. 2. Prepared soil sample
sampls and aggregation are briefly discussed in

subsequent sections. )
3.1. Laboratory experiment setup and procedure

3.1. Soil sample preparation , i ]
The experiments were executed in an acryditlumn

) _ that has asealed basanddesigned witlthe dimensiors
The soil that was used for this StUdy as the double of 300mm h|gh X 100mm outer and 94mm inner
porosity were laterite soil sarples. The samples were  diameter. A vibrating table was used to vibrtie soil
collected froma field situated at th&chool of EleCtrlcal, Samp|s using different vibration amp“tuwm order to
Faculty of Engineering, Universiti Teknologi Malaysia. test thedeformation process. ®hacrylic soil column
The laterite soil properties were tested based on BritiShwaS p|aced on the Vibratory table aﬂhgned Secure|y
Standard BS1372:1990 then the soil characteristics by bolt and nut to avoid movement bouncingof the
were dotained orliquid limit = 66%, plastic limit = 33%,  acrylic soil column. It is important to havine best
plasticity index = 33% and particle density = observationof the phenomenahat occurs insidehe
274Mg/m3 Based on the Unified Soil Classification whole area ofthe ao‘y"c soil column. During the
System (USCS)the soilwas classified as clay with high  vipration process, PTA and PSSA for e samples
plasticity (ML). The method expressed fwas usedto  were recorded and the integgregate and intra
prepare the aggregated soil sample. The soil sampleiggregate was observed. The vibrating table and acrylic
preparatiorused different moisture content sua30%  soil column withthe inclusion ofa triangular base plate
and 34%. Thus, the dried laterite soil was mixed with wasdevelopé to accomplistaneconomic and effective
30% and 34% of moisturecontent for sample 1 and concept Figure 3(a) shows the view tife 3D laboratory

sanple 2 respectively. The samples were kept in a cool setup. The experimental procedure was arranged as
environmentfor a minimumof 24 hours Then he mixed shown in Figure 3(a) and 3(b).

sample was cured and kept in asealable plastic bag
for the purpose of preventing the moisture content from
being evaporated. Dried aggregate sbdt passedhe
2.36mm sieve for both sample dnd sample2 were
placed in a circular acrylicolumnand compressed until
100mm height using a simple compression machine. The
acrylic soil columnwas usedo detect and monitcany
changesthat occured to the area andsoil inside the
transparentircular column.The gepared soil samples
are shown in Figure 2.
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experiment, sample and sample tarted toamplify

due toshakingat theamplitude of 2.45 A where the
values of PSSA/PTA 2.48/1.9) and @.61.33
increasedthe gap between PSSA and PT&ample 2
experienceda larger amplification shaking where the
value of PTA (1.33)was lower than the value ®fSSA

(2.6). This mean that the shaking of the surfaweas
higher than thehaking of theground.Hence in orderto
analyse the acceleration response, it was necessary to
. produce the graphs @mplitudeversus PTA and PSSA

o values based on the resudbtainedin Table 1
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Fig. 4. Non-repeated vibration on amplitude versus PTA ar
PSSA forsample 1
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Fig. 3. Experimental setup 50
o
4 Results and analysis S0
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Based on the objectives of the study, the resildtained s 2025 30 % 40

Table Indicator

areas presented below. The results for PSSA and PTA
for both samples as Weds the calibrated vibrating table  Fig. 5. Non-repeated vibration on amplitude versus PTA ar

amplitude are shown in Table 1. PSSA for sample 2
Table 1. Calibrated nofrepeated vibration and acceleration
responses, PSSA and PTA results 4.2. Validation of the double -porosity soll
. . characteristics
Calibrated Acceleration Response JA
Vibratory Sample 1 Sampe 2 . _ o _
Table (PSSA/PTA) (PSSA/PTA) The doubleporosity soil characteristics were validated
Amplitude (A) using Scan electron Mioscopy (SEM).The result of
1.240 1.47/1.16 1.49/0.82 depth zooredin image of vibrated doublporosity
2.450 2.48/1.91 26/1.33 30% and 34% moisture content at 1®0d, 100Gfold
2.690 2.74/2.44 336/1.72 and 3000fold magnification is shown in Figuré. The
3.320 3.35/3.00 3.78/1.99 resuls of SEM test at 18@old magnification shows
cracks and fractwue on the soil sample surface, while
3.610 3.59/3.23 4.2212.37 resuls of the FESEM test at 100€ld magnification
3.990 4.06/3.47 4.08/2.59 displayedthe interaggregate pores. The FESEM test at
4.220 5.67/3.61 4.31/2.76 180+fold magnification has also exposed that the inter

aggregate pores and individual laterite granules split u

As shown in Bble 1, the vibrating tale control panel ~a&mong themselves. Fgrth_er magnification of .both Soil
amplitude as mentioned earlier was differentiated from Samplesup to 300Gfold indicatedthe presence dfitra-

the calibratedvibrating table indicator. Therefgréhe ~ @dgregate pores. Through the SEM test, it was clearly
calibrated amplitude value was used tae vibrating ~ Shown that the vibrated doukperosity soil structure
table indicator since the amplitude was obtained from theWas Vverified with the deformable chaacteristics of
calibrated seisio accelerometers with high sensitivity. 29dgregate pores, integgregate pores and intra
Based on Table 1 and the observationadeduring the ~ adgregate pores that created the dopbkosity



MATEC Web of Conferences 255, 02007 (2019) https://doi.org/10.1051/matecconf/2058D2007
EAAI Conference 2018

formation. From the SEM test ressltsoil sample 2 has aggregatedn soil characteristicsSample2 has shown
more porosity compared to sampleAll. samples have a  bigger amplification shaking due to the weakened soil
similarity wherebythe soil is coated with a layer of  structurecompaed to sample 1, while sample 1 has
liquid that causes a shining image when viewed by SEMsmaller amplification shaking because soil sample 1 had
close upimage. Both samples also have a coarse granulea stiff soil structureBased orthe resultobtained from
structure and displayed the characters of soil liquidity. the SEM test, all sample®vealinter and intra aggregate
Therefore the vibrated doublporosity characteristics  soil. Since the soil sampld®ld the charactéstics of
with multi-porosity were expected to contribute to the multi-porosity, therefore the soihas been identified as

speed of liquid penetration and migration. problematic doublgorosity soil. It also indicates that
there is abigger disamplification process omon
Sample 1 Sample 2 repeated doublporosity soil. Moreover, nerepeated

(30% moisture content) (34% moisture content) vibrated doubleporosity ®il has different behaviour

s characteristics on permeability and wettability compared
to a nonrepeated doublporosity soil based on the
experiment performed b7 andalsoby *° that excluded
the vibration effect. The effect of moisture content
percentage on the laterite soil granule @snd to be
significant as it proved that seismic acceleration
response values were different for those samples.
Therefore nonrepeated vibration doublgorosity soll
has characteristics of soil structure rearrangement and
change in existing moisture content. In addition, high
permeability value was expected to be an influential
factor in the movement of the fluid irnthe subsuface
system.
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