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Abstract

Area development deals with optimal land use and the reduction of the risk of geological disasters. The coastal area of
South Bali is prone to land settlement hazards. In order to mitigate the risk, it is important to understand the deposi-
tional environment of the area related to its bearing capacity and geological hazard risks. The aim of this research is to
understand the subsurface depositional environment and quantifying its bearing capacity. Quantitative modeling was
carried out to obtain the sediment-bearing capacity of the Pendungan area in Bali, Indonesia. The methods used in this
research were the observation of borehole cores, the identification of the cone penetration test (CPTu) curves pattern,
the sediment index property test, the soil strength laboratory, and bearing capacity analysis. Based on lithologic associa-
tion, the CPTu curve pattern, and grain size analysis, there are three facies developing in the study area with different
bearing capacity values. Generally, beach ridge sand has a higher bearing capacity (N-SPT value of 8 - 52) for shallow

foundation than fluvial clay. Meanwhile, floodplain facies has the lowest bearing capacity (N-SPT value of 2 - 20).
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1. Introduction

The Southern Bali area includes Sanur, Serangan, and
Pendungan, which are in a coastal zone, generally formed
by the Holocene deposit of coastal plain. It’s located in
the Tanjung Benoa Basin and bordered by the Limestone
South Formation in the southern part (Hadiwidjojo et
al., 1998). This area is also included in a high earthquake
vulnerability zone because it is located in = 150 km
south part of the active subduction zone. Shallow seis-
micity is centered in the plain of Bali caused by NW-SW
or W-E fault activity (McCaffrey & Nabalek, 1987).

Area land capability and foundation design informa-
tion are the most important factors which are required in
area development. It is easily managed if accompanied
by the foundation planning by adjusting the condition of
the soil (Burgart et al., 2015). Furthermore, the aim of
this study is to describe the subsurface condition in order
to find the soil strength and whether or not it can resist
load construction without the occurrence of shear failure
and settlement state. Therefore, information on engi-
neering geology is needed to support the plan. An engi-
neering geological model such as vertical subsurface,
engineering geology, and spatial condition can be the
basic site or geological hazard impact study (Keche-
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bour, 2015; Rosye et al., 2009; URL, 2017). It can also
be used for identifying engineering geology problems
and estimating material properties realistically (Delgado
et al., 2003). Moreover, sediment bearing capacity and
facies condition information of the development area are
required in order to produce optimal construction.

Grain contact has a connection with bearing capacity
because of physical characteristics which are contained
by the facies. Sediment bearing capacity values that are
obtained in every CPTu point are different due to geo-
logical factors influenced by the rock conditions, such as
compactness, grain size distribution (as shown in Figure
1), grain contact, and water content (groundwater table).
Furthermore, Eslami et al. (2011) and Pariseau (2007)
explain that lithology physical characteristics have dif-
ferent height, size, shape, and sorting of the grain so it
influences the internal friction angle and shear strength
between the grain. Also, Craig (2004) and Das (1997)
added that the bearing capacity is controlled by the fac-
tors such as grain size, permeability, and consolidation.
It is explained that the value of bearing capacity in each
facies will be different based on the lithology. Generally,
bearing capacity is only used to recognize the sediment
strength for surface loading pressure without any settle-
ment occurring (Das & Sivakugan, 2007). It is neces-
sary to obtain further information related to the bearing
capacity of shallow and deep foundation as a reference
of physical development before the construction started.
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Figure 1: The connection between height, size, shape,
and sorting of the grain related to grain contact and pore
(modification from Das & Sivakugan, 2007)

Nevertheless, grain size and curve pattern analysis can
show further information regarding the correlation be-
tween physical characteristics, facies development, and
sediment bearing capacity. Based on research that has
been conducted, the focus study on sediment bearing ca-
pacity can be related to the type of facies developed in a
certain area.

1.1. Research location and geology

Most parts of Bali provinces are mountainous and
hilly areas. Bali’s island relief is west to east with elon-
gated mountain chains. Among its mountainous areas,
there are still active volcanoes, such as Agung Mountain

(3.142 m) and Batur Mountain (1.717 m). Some other
inactive volcanoes reach heights between 1,000 and
2,000 m. The central Bali mountain chain divides North
Bali, which consists of narrow lower land from the foot-
hill and mountain, from South Bali consisting of wide
and plain lower land (see Figure 2).

Mainly analyzed from the elevation slope, Bali con-
sists of a land of 0 — 2% to 15 — 40% elevation, the rest
is land with an elevation of more than 40% (URL 1,
2018). The research area belongs to the southern physi-
ography of Bali consisting of sedimentary and volcanic
rocks. The characteristics of existing soils are more af-
fected by volcanic weathering and alluvial deposits
caused by an overflow of river transporting sediment.
When flooding occurs, it will cause plated deposit struc-
tures in alluvial plains in low elevations.

Southern Bali coastal areas such as Sanur, Serangan,
and Pendungan are areas formed by Holocene coastal
plain deposits consisting of loose materials in the form
of gravel, sand, silt and clay with a narrow to wide coast-
al plain (see Figure 3). The geology of this area is spec-
ified by dominant sandstone recurrence with fine to
coarse grain size along with an intercalation of silt and
clay. The depth of this Quaternary sediment reaches to a
depth of around = 20 m (Soebowo et al., 2010). The
sediment of the coastal plain is a seismic zone path with
high and active seismicity categorized into the 3%, 4™,
and 5" seismic zones (URL 2, 2011; SNI 1726, 2012).
Therefore, the Bali coastal area is prone to geological
hazards.

The geological setting of the Quaternary Bali Basin
consists of alluvium deposits and early sediment, proven
by shallow groundwater levels. The distribution of
earthquake epicenters spread out to the front and back
part of the subduction zone, while other parts are con-
centrated in the south arc of the Java, Bali and Nusa
Tenggara islands. Seismic activity located in the sur-
rounding oceanic trough is an earthquake produced by
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Figure 2: Geomorphological map of Southern Bali (Satriyo, 2017)
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Figure 4: Hazard PGA 2% in 50 years (Maps of Earthquake Indonesia, URL 3, 2017)

intercontinental subduction. Shallow earthquake activity
centered in the island of Bali is often caused by active
faults which commonly shift from NW-SE or W-E (Mec-
Caffrey & Nabalek, 1987).

1.2. Previous Research

The South Bali coast is a part of Indonesia which has
high earthquake hazard vulnerability because this area is
located + 100 — 150 km in the south part of an active
subduction zone. In earthquake zonation maps, besides
high earthquake hazard vulnerability, the South Bali
coast is also located near active fault zones which cause
shallow earthquakes, commonly in the SW-SE or W-E
directions (URL 2, 2011).

Based on maps of Indonesian earthquake sources and
hazards (URL 3, 2017), Bali is located in an area that
has a peak bed acceleration of 0.4 — 0.5 g (see Figure 4).
This means that the south coastal area has a lower vul-
nerability to earthquake hazards. The earthquake history
of this site has recorded high earthquake occurrences
such as in 1862: MMI VII, in 1890: MMI VII, in 1917:
MMI VI, in 1938: MMI VII, in 1961: MMI VIl in 1976:
MMI VIII, in 1979: MMI VII - VIII, in 1985: 6.2 SR, in
1987: 5.7 SR, in 2004: 6.1 SR, 6.2 SR, 5.5 SR in south-
ern Bali and the last time was on October 13, 2011 with
6.8 SR (URL 4, 2017).

A description of groundwater distribution in Pendun-
gan — Sanur — Serangan, South Bali is generally reflected
from river flow, habitat well and water drilling. Gener-
ally, the groundwater level is very shallow to shallow

with a depth around 0.45 — 3.5 m and in other areas more
than 3.5 m (Seobowo et al., 2010). This condition is in-
fluenced by the lithology factor which underlies the nar-
row South Bali plain on the beach part which consists of
alluvial deposits, marsh deposits, and beach ridges. Qua-
ternary sediment deposits in this area with narrow
groundwater levels can lead to the possible occurrence
of liquefaction in several locations (Seobowo et al.,
2010).

2. Methodology

Geological area development is a concept associated
with bearing capacity and geological aspects such as li-
thology, physical characteristics, and facies. In this re-
search, several methods are used to prove if there is a
correlation between all the aspects, such as 1) literature
review, 2) engineering geology investigation, 3) data
processing, 4) modeling and integrating data. Geologi-
cal engineering investigation including 2 bore holes and
11 CPTu points (Cone penetration test with pore water
measurement) has been done in a research study (see
Figure 3). The locations of two bore holes are near the
Pendungan area, where the first (BH-1) is in a private
company’s residence close to Ngurah Rai By Pass Street
(with a maximum depth of 25 m) and the other (BH-2) is
in the Department of Transportation of Denpasar City
(with a maximum depth of 26 m) (see Figure 3). The
laboratory analysis was carried out by the grain size
method approach using a sieve shaker with a sample
taken from a depth of 2 m and 10 m for clay and a depth
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of 1 m, 13 m, and 22 m for sand. At these depths, the
samples are considered to represent lithological changes
in the sediment layer of the research area.

Furthermore, N-SPT data taken from a drilling point
that correlated to a depth and a suppression energy was
used to interpret the engineering subsurface condition
(Roger, 2006); for cohesive soil, cohesion and consist-
ency estimation was implemented (see Table 1) and for
non-cohesive soil, internal friction angle and the level of
density estimation were used (see Table 2).

2.1. Data Analysis
2.1.1. Standard Penetration Test (SPT)

A SPT test is a test used to recognize in-situ sediment
properties (SNI 4135, 2008). This test is done by hitting
a standard tube to the bottom of the drill hole as deep as
45 cm by using a 63.5 kg hammer that falls freely from
a height of 76 cm. The number of strokes required for
penetration every 15 cm is recorded, but for the initial 15
cm, penetration is ignored because its sediment proper-
ties may be impaired at the time of drilling. Meyerhof
(1956) and Roger (2006) stated that the amount of pen-
etration in the last 30 cm was recorded as the N (N-val-
ue) which often correlated with sedimentary properties
such as density, internal shear angle, and q_ value (see
Tables 1 and 2).

Table 1: Consistency interpretation and undrained shear
stress of cohesive soil from n-spt data (Roger, 2006)

Consistency Cohesion (kPa) N-SPT
Very soft 12 <2
Soft 12-24 2-4
Firm 24— 48 4-8
Stiff 48 —96 815
Very stiff 96— 192 15-30
Hard 192 >30

Table 2: Level density interpretation and internal friction
angle of non-cohesive soil from n-spt data (Roger, 2006)

Level of Relative Internal Friction N-SPT
density Density (%) Angle (°)

Very loose <0.2 <30 <4
Loose 02-04 30-35 4-10
Medium 0.4-0.6 35-40 10 -30
Dense 0.6-0.8 40 — 45 30-50
Very dense >0.8 > 45 > 50

Rely on Lunne et al. (1997), friction ratio (FR) value
can be calculated as follows:

FR (%) =fs/gc x 100

Where:

fs — friction sleeve (MPa).
gc — conus resistance (MPa)

(M

Conus pressure value (q ) corrected to pore pressure
(u), the result is a correction conus pressure value (q,) as a:

gt=+(1—-a) 2)

Where:

qt — corrected conus resistance (MPa),

u — pore pressure (MPa),

a — ratio of conus area

Stratigraphy interpretation method from CPTu data
using the SBT index curve (Equation 1 and 2) from
Lunne et al. (1997) that has a good correlation to soil
classification based on grain size ASTM (2017) and
Amorosi & Marchi (1999). The plotting process of co-
nus resistance (q,) to friction ratio is an expression of
grain size, texture, and consistency, so it can be used to

gain a subsurface stratigraphy profile (Lunne et al.,
1997).

2.1.2. Cone Penetration Test with Pore Pressure
(CPTu)

The CPTu test generates a subsurface stratification
and engineering feature continuously. Furthermore, the
primary application of the CPTu is to measure soil re-
sistance, providing a classification of the soil texture
with depth for geotechnical purposes (Begemann,
1965). The obtained soil response parameter is a profile
of conus resistance (q ), friction sleeve (f), pore pres-
sure (u,). The conus resistance value (q ) indicates soil
density and consistency, while the friction sleeve (f)) is
represented in the friction ratio (FR) parameter which is
a transformation of grain size and texture (see Figure 5).

Engineering geological analysis was performed in a
way to compile subsurface stratigraphy and engineering
properties based on lithology, CPTu and N-SPT value
interpretation, relative density parameters and laborato-
ry results. Then, the correlation process is done between
the subsurface section which describes the engineering
properties and spatial interpolation, depth variation and
layer thickness so a horizontal and spatial description of
engineering properties can be obtained. The correlation
and interpolation process also describes the bearing ca-
pacity zone of the land capability of cohesive and non-
cohesive soil so that it points out which areas have a soil
capacity that is suitable for construction.

The N-Value is dominated by the amount of energy
resulted by the SPT in the bore hole (Kovacs et al.,
1981) and (Schertmann, 1978). Douglas & Olsen (1981)
explain that the type of hammer will result in a signifi-
cant q_/N ratio rather than soil density. Furthermore, a
study conducted by Kovacs et al. (1981) has shown that
the q_ /N relies on the fine content of sandy soil. From
the studies, major factors that can influence the q /N ra-
tio are permeability and compressibility modification of
the sand. Sanglerat (1972) reviewed and presented a
number of studies implemented in several countries. A
variety of these studies have assigned a constant ratio of
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q, /N for each soil type; for instance, sandy soils have
mostly q_/N ratios larger than 4, while clays have ratios
less than 4 (Jarushi et al., 2015). Furthermore, these
studies have drawn important conclusions that an in-
crease in soil compactness and relative density would
decrease the q_ /N ratio (Jarushi et al., 2015).

The determination of the developed depositional en-
vironment in the study area used the comparison be-
tween gamma ray, borehole sample and CPTu. A bore-
hole sample is used for cross-checking the grain size
distribution and description. In its description, gamma-
ray logs are one of the logs in the petroleum industry
commonly used for lithologic interpretation, and the
principle is the evaluation of the shale content (V-shale)
or fine fraction and records grain size changes of a sedi-
ment through a certain curve pattern. CPTu is a com-
monly used geotechnical tool for determining the geo-
technical sediment properties and describes the sediment
stratigraphy. The CPTu principle is to calculate the end/
strength and adhesive resistance which will be used for

lithologic interpretation through fine fraction content, in
addition, CPTu also records large grain changes through
certain curve patterns. Looking at the information, both
tools can be compared to the interpretation of geological
lithology and facies (see Figure 6) (Slatt et al., 1992).
Several studies regarding the use of CPTu for bearing
capacity in some purposes have been done. For example,
predicting the bearing capacity of a bored pile (Iyad et
al., 2015) and a piled foundation (Nicolay et al., 2017).

This method consists of pressing a pile to examine the
penetration or shear resistance. The pile can either be a
round pole or a closed round pipe with a conical end
and/or a soil sampling tube, so it can estimate the physi-
cal properties of a layer and the locations with variations
of resistance at the time of the erection of the tool
(Lunne et al., 1997). This method serves for exploration
and in-situ testing.

One way to calculate the shallow strength of the shal-
low foundation commonly used in Indonesia by the field
testing method is the cone penetration test (CPTu). The
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shallow bearing capacity of the foundation is found by
using simple conversion formulas. Below, some formu-
las of shallow ground capacity based on CPTu data will
be shown. The measurement of allowed and ultimate
bearing capacity (¢ , and g ,) of cohesive and non-cohe-
sive soil can be obtained from:

Sandy soil (non-cohesive):

* Meyerhof (1956)
9.
3
9 = 30 (3)
* Sanglerat (1972)
qu = (B.q./40)x(1+B/D,) “)

* Schmertmann (1978)
4 =YD;N,+0,5YBN, 6))
Clayey soil (cohesive):

* Schmertmann (1978)
lane foundation

qult = 2 + 0’ 28qc (6)
square foundation
Gue =5+0,34¢, (7
Sandy or clayey soil:
* Meyerhof (1956)
1+ ®)
= + —
qult qc 12, 2 B )
A(q.) , O(JHP)
Zult Zut Zult — c + 9
Qu = 3 5 3 5 ©)
where:
q., = allowed bearing capacity (g,,/3, score 3 is
a safety factor)
9 = ultimate bearing capacity
q, = average conus penetration arithmetic g,
from base foundation to 1.5B under foun-
dation
P, = conus tip resistance
F, = conus sleeve resistance
B = foundation width (assumed of 1 meter)
D ’ = foundation depth
y = effective soil density around foundation
(1000 kg/m?*)

N, and N, = non-dimensional bearing capacity factor

In the formulas above, the allowed (g ,) and ultimate
(¢,,) bearing capacity score for non-cohesive soil condi-
tions can be calculated using the parameters approach of
conus resistance (¢ ), foundation width (B), and founda-
tion depth (D) (Equations 3, 4, and 5) (Meyerhof, 1956;
Sanglerat, 1972; Schmertmann, 1978). However, for
cohesive soil such as clayey and silty sand, Schmert-
mann (1978) explain that for ultimate bearing capacity
(g,,) should add the type of foundation, for example lane

or square foundation (see Equations 6 and 7). Further-
more, Meyerhof (1956) added, the calculation of ulti-
mate bearing capacity (q,,) in a mixture of soil between
sandy and clayey soil should add up several parameters
such as conus tip resistance (P ), conus sleeve resist-
ance (F ), and conus diameter (A(q )) (see Equations 8
and 9).

3. Results and discussion
3.1. Develop Facies

Qualitative interpretation was performed on three
drilling cores and three CPTu curves residing in the re-
search area (see Figure 7) to determine whether or not
they had developed facies, which would then become
the object of the study. The four CPTus’ (CPTu 01, CPTu
03, CPTu 4, and CPTu 10) were paired with two bore-
holes (BH 01 - BH 02) to assist the facies analysis based
on observing the CPTu curve pattern. The CPTu and
bores were carried out to a depth of less than 30 m. From
the observation of lithologic association with the obser-
vation of the CPTu curve pattern, there were three facies
that developed in the research area. Several factors such
as thickness, sediment type, and the physical properties
of sediments also distinguish the three facies.

B

[acPruto]
“ u

BH-2 Pendungan

Depth (m)

-29

Figure 7: The subsurface section as the correlation result
of four CPTus’ (CPTu o1, CPTu 03, CPTu 4, and CPTu 10) are
paired with two boreholes (BH o1 - BH 02)

3.2. Facies of Flood Plains

Based on the lithology characteristics, the floodplain
clay facies are dominantly composed of clay and silt.
The clay is colored dark-gray-green, and is soft, with a
mixture of shells, while the silt is gray in color with a
slightly soft to moderate density, with a thickness of 1.5
- 10 m, and both are located at a depth of 0.5 - 10.5 m
(BH-01). In general, these facies occupy 50% of the re-
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Figure 9: A comparison between BH-o1 with CPTu 2 and
CPTu 5 for determination of the flood plain clay facies

search area, dominantly in the north, east, and west of
the study area (see Figure 8).

Based on the observation of the CPTu curve, the fa-
cies are characterized by a crescentic curve (Walker
and James, 1992) with a value of 0.5 — 5 MPa (see Fig-
ure 9). The floodplain clay facies have varying N-SPT,
ranging from 2 — 20 (very soft to slightly dense) as
shown in Figure 9.

3.3. Clay and Sand Fluvial Facies

Based on its lithologic features, the facies are com-
posed of clay and sand. The clay is dark gray to brown,
of medium density, contains gravel, and is located at a
depth of 0 — 1.5 m (see Figure 10). Meanwhile, the sand
is white-brown to gray white, medium to coarse sand,

poorly sorted, rounded to sub rounded, very dense, does
not contain shells of sea fauna, with a thickness of 1 — 2
m, and is located at a depth of 10.5 — 12 m (see Figure
11). In general, this facies occupies 10% of the study
area (see Figure 12).

Based on the observation of the CPTu curve pattern,
the facies is characterized by an uneven, symmetrical,
and fining upward (FU) (Walker and James, 1992)
with a q_ value of 6 - 17 MPa (see Figure 10 and Figure
11). Physically, clay and sand fluvial facies have varia-

9:CPTu2 | 9. CPTu 9

Depth (m)
5

10 20 30
{MPa)
B, ]| | S T A S S A '
5 10 15 20
(MPa)

Figure 10: A comparison between BH-o1 with CPTu 2
and CPTu g for the determination of clay fluvial facies.
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Figure 11: A comparison between BH-o1 with CPTu 1
and CPTu 3 for the determination of sand fluvial facies.
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The typical pattern of the CPTu curve that character-
izes the beach ridge sand facies is coarsening upward
(CU) (Walker and James, 1992) (see Figure 13). This
facies has a range of q_values between 2 - 13 MPa (see
Figure 13). The type of developed sediment and N-SPT
possessed by beach ridge sand is also more varied than
fluvial sand facies.

3.5. Shallow and Deep Bearing Capacity Score
of Research Location

Scoring analysis has been done using data regarding
grain size, depth, sediment type, CPTu, and N-SPT. This
analysis uses 1 meter length (L) and width (B) of founda-
tion with a depth (D,) of also 1 meter (SNI 1727, 2013).
For the measurement of deep bearing capacity, 2 types of
foundations were used (SNI 1727, 2013), which are:

1. a circle-shaped foundation with a diameter (D) of

1 meter, a cross-sectional area (Ap) of 0.785 m?,
and

2. asquare-shaped foundation with a length side of 1

meter.

The results of calculating the bearing capacity score
of shallow sediment foundations in the research location
resulted in a fairly variable range of values (see Table

15°15 4"
FLUVIAL FACIES DISTRIBUTION MAP OF

SANUR, SERANGAN, AND PENDUNGAN,
SOUTHERN BALI

N
A

S e —
km

Legend:

I:l Fluvial Sand Facies

Information:
= s .
agpa'e"r'“"am’“ @ Contour
> —a. F~ River {7771 Research Location
5 - \ o Bali Sea S
o | Tben I,' Pdjabuhan Benoa U ¢ Road ® Borehole Points
in ¥ CPTu Points
/

=
©

Figure 12: Lateral dispersal maps of sand fluvial facies (Satriyo, 2017)

ble N-SPT, ranging from 24 to 68 (medium dense to very
dense).

3.4. Beach Ridge Sand Facies

Beach ridge sand facies are generally composed by
the lithology of fine to coarse sand, feculent white, well
sorted, sub angular to sub rounded with the degree of
density from very loose to medium dense. This facies
has a thickness of 2 m (see Figure 13) and it’s located at
a depth of 0 — 2 m (BH-02). Beach ridge sand facies
generally occupy 40% covering the center of the study
area (see Figure 14).

3). The value is influenced by physical characteristics
and lithology that developed in the study area.

From the values of bearing capacity of shallow foun-
dation sediments obtained from CPTu, further determi-
nation of the minimum and maximum value of the total
value of CPTu was achieved by using statistical analy-
sis. After the value of shallow foundation bearing capac-
ity is obtained for each CPTu, the next step is to group
facies based on the CPTu curve pattern and the q_ value.
The aim is to discover which areas have the lowest to the
highest bearing capacity and their relationship with the
distribution of facies.
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o | e The analysis calculation result was obtained by group-
i :m.‘jy. 5 T 4CPTud | 4.CPTu8 | ing the value of each CPTu and subsequently classifying
sa0e the soil classification based on the British Standard (BS)
ueie e number 8004 (BS 8004, 2015) so that the type of land
f cu classification developed at each point on CPTu in the
research area can be known (see Table 3). From these
results, the classification of soils at each of these CPTu
points indicates that the type of sediments developing in
e e the study area is dominated by dense sand and soft clays,
el but does not indicate if the lithology is only clay, silt, or
= sand because a mixture of mud and gravel was found in
E the area, as shown in the physical description.
The value of sediment deep foundation bearing ca-
pacity in the research area is done by calculating N-SPT
il ——— in log drill BH-01 and BH-02 (see Table 4) by using a
5 10 15 20 circle pile with a diameter of 1 m and a square shape
b (85 with a side length of 1 m (SNI 1727, 2013).
5 10152025
{MPa)
Figure 13: A comparison between BH-o02 with CPTu 4
and CPTu 8 for the determination of beach ridge facies
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Figure 14: Lateral dispersal maps of beach ridges facies (Satriyo, 2017)
Table 3: Bearing capacity score of shallow foundation of each CPTu points, sediment bearing capacity score, and soil
consistency (Bowles, 1995; BS 8004, 2015)
CPTU q, score Ultimate bearing capacity | Allowable bearing capaity | Soil classification BS 8004
(MPa) (kN/m?) (kN/m?) (2015)
CPTU 1 3 369.12 123.04 Firm clay
CPTU 2 4 568.54 189.51 Stiff clay
CPTU 3 1 275.41 91.8 Firm clay
CPTU 4 8 1591.25 530.42 Medium dense sand
CPTU 5 4 2163.49 721.16 Dense sand
CPTU 6 4 295.81 98.6 Firm clay
CPTU 7 9 1632.05 544.02 Medium dense sand
CPTU 8 7 1785.06 59502 Medium dense sand
CPTU 9 17 693.62 231.21 Medium dense sand
CPTU 10 1 336.61 112.2 Firm clay
CPTU 11 5 408.01 136.04 Firm clay
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Table 4: bearing capacity score of deep foundation based on n-spt in log drill bh-o1 and bh-o2 for a circle
and a square section.

Depth (m) Circle section Square section

Q Ult (kN/m?») | Q All (kN/m?) Q All (ton) QUlt (kN/m?») | QAIll (kN/m* | Q All (ton)
5 554.21 154.8 15.79 B 992 2544 25.96
10 1,231.72 334.26 34.11 H 2,298.13 571.63 58.33
10.5 2,927.32 868.06 88.58 - 4,758.13 1,311.62 133.83
12.5 1,719.46 369.01 37.65 0 4,140.8 860.16 87.77
15 1,803.19 385.76 39.36 1 4,354.13 902.83 92.13
20 4,251.35 1,132.87 115.59 8,131.46 1,986.29 202.68
24.5 5,852.75 1,484.55 151,48 27,171.4 8,100.96 826.62
Depth (m) Circle section Square section

QUIt (kN/m) | QAN (kKN/m?) | QAll(ton) |p | QUIt(kN/m?) | QAIl(kN/m>) | QAIl(ton)
5 366.33 98.38 10.04 H 693.33 170.67 17.41
10 999.46 256.41 26.16 - 2,006.4 473.28 48.29
15 3,215.36 844.03 86.13 0 6,272 1,510.4 154.12
20 3,311.65 838.17 85.53 2 6,757.33 1,575.47 160.76
24.5 5,714.8 1,406.7 143.54 12.04 2.74 280

4. Discussions

4.1. Floodplain Clay Facies, Physical Properties,
and The Bearing Capacity Score

Floodplain clay facies are generally composed of clay
and silt. Physically, this facies has an N-SPT ranging
from 2 - 20 (soft to slightly dense). Based on the calcula-
tion analysis of the bearing capacity, this facies has the
highest shallow foundation bearing capacity score of

136.04 kN/m?, and deep foundation bearing capacity
scores of 868.06 kN/m? (circle foundation) and 1,311.62
kN/m? (square foundation) (see Table 4). This condition
shows compatibility with the values generated from
CPTu data (see Tables 5 and 6).

4.2. Fluvial Sand Facies, Physical Properties, and
the Bearing Capacity Score

Based on its lithologic features, the fluvial sand facies
are generally composed of medium sand to coarse sand

Table 5: The shallow foundation bearing capacity score based on CPTu in floodplain facies at a depth of 3 meters

CPTu q, Score Ultimate bearing capacity | Allowable bearing capacity | Soil classification BS 8004
(MPa) (kN/m?) (kN/m?) (2015)

CPTu 1 3 369.12 123.04 Firm clay

CPTu3 1 275.41 91.8 Firm clay

CPTu 6 4 295.81 98.6 Firm clay

CPTu 10 1 336.61 112.2 Firm clay

CPTu 11 5 408.01 136.04 Firm clay

Table 6: The deep foundation bearing capacity score based
on CPTu in floodplain facies

Depth |CPTul [{CPTu3 |[CPTu6 |CPTul0|CPTul1l
(m) | (kKN/m?) |(kN/m?) |(kN/m?) |(kN/m?) |(kN/m?)
5 189.61 |125.69 |227.53 |104.33 |280.1

10 399.80 |306.99 |249.99 |[173.46 |501.3

15 302.31 |2424.25 |932.58

20 1521.53 821.82

with an N-SPT ranging from 24 - 68 (dense to very
hard). This facies has the highest shallow bearing capac-
ity score of 231.21 kN/m?, and the deep bearing capacity
values of the foundation in this facies are 369.01 kN/m?
(circle foundation) and 860.16 kN/m? (square founda-
tion) (see Table 4). This illustrates that this facies has a
bearing capacity higher than the bearing capacity found
in the floodplain facies. The density level of the facies of
a floodplain is smaller than the density in fluvial facies

Table 7: The shallow foundation bearing capacity score based on CPTu in fluvial facies at a depth of 3 meters.

CPTu q, Ultimate bearing capacity | Allowable bearing capacity | Soil classification BS 8004
(MPa) (KN/m?) (kN/m?) (2015)

CPTu2 4 568.54 189.51 Stiff clay

CPTu9 17 693.62 231.21 Medium dense sand
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Table 8: The deep foundation bearing capacity score based
on CPTu in fluvial facies.

Depth CPTu 2 CPTu 9
(m) (kN/m?) (kN/m?)
5 172.47 192.73
10 348.42 296.18
15 394.91 835.48
20 849.67
25 1824.76

because it has a low N-SPT score. The mean score of q_
and N-SPT of these facies are 11.5 and 42, thus showing
that the physical and engineering characteristics pos-
sessed by this fluvial sand reflect its good sediment
bearing capacity when used as the foundation at a
depth of 10.5 - 12.5 m, which is in correlation with the
bearing capacity value found in CPTu data (see Tables 7
and 8).

4.3. Beach Ridge Sand Facies, Physical Properties,
and The Bearing Capacity Score

Based on its lithologic features, the beach ridge sand
facies are generally composed of medium to coarse sand.
This facies has N-SPT values ranging from 8 - 52 (loose
to very hard). The highest shallow bearing capacity for
this facies is 721.16 kN/m? and the deep bearing capac-
ity scores of the foundation are 98.39 kN/m? (circle
foundation) and 170.67 kN/m? (square foundation) (see
Table 4). This state also has correlation with CPTu
measurement, as seen in Tables 9 and 10.

There are 2 divisions of territory including shallow
and deep bearing capacity. Generally, the area with good
shallow bearing capacity is the beach ridge, especially at
depths less than 4 m. However, areas that have good
foundation carrying capacity values, particularly those
with a recommended depth of more than 10 m, are areas
that can be found throughout the entire research site, as
seen in Figure 15.

Table 9: the shallow foundation bearing capacity score based on CPTu in beach ridge facies at a depth of 3 meters

CPTu q, Ultimate bearing capacity | Allowable bearing capacity | Soil classification BS 8004
(MPa) (kN/m?) (kKN/m?) (2015)

CPTu 4 8 1591.25 530.42 Medium dense sand

CPTu 5 4 2163.49 721.16 Dense sand

CPTu7 9 1632.05 544.02 Medium dense sand

CPTu 8 7 1785.06 595.02 Medium dense sand

Table 10: the deep foundation bearing capacity score based
on CPTu in beach ridge facies

5. Conclusions

Relying on data analysis from two boreholes and
CPTu identification, there are 3 developed facies in the
research area, which are floodplain clay facies, fluvial
clay and sand facies, and beach ridge sand facies. Verti-
cal facies changes can be identified from 2 existing bore-
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Figure 15: Bearing capacity map of South Bali, Bali Island (Satriyo, 2017)
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» In BH-01, the fluvial clay facies are at a depth of 0
— 0.5 m, from a depth of 0.5 — 10.5 m of the facies
transformed into a clay floodplain facies.

» At BH-02, the fluvial sand facies are at a depth of
11.5 - 12.5 m, from a depth of 12 - 15.25 m the fa-
cies turn into facies of floodplain clay.

Based upon physical characteristics and bearing ca-
pacity analysis, each facies has different values; the
floodplain facies has the lowest value and the beach
ridge facies has the highest shallow foundation bearing
capacity value. Nevertheless, in cases of deep founda-
tion bearing capacity, floodplain facies have the highest
bearing capacity value since they have the deepest depth
and the beach ridge has the lowest value because it has
the shallowest surface. All this proves that bearing ca-
pacity of the facies is controlled by depth, natural com-
paction, grain size distribution, and the lithology of each
sediment layer. Based on the value of bearing capacity,
this research recommends the use of square foundations,
which have a higher value than circle foundations.
Moreover, this circular foundation has a wider base arca
in comparison to a square foundation in the same width
of 1 meter, which is something to keep in mind when
working in residential areas. Besides, in terms of geo-
technics, a square foundation can support development
because it can be used in the shallow layer with a maxi-
mum of 3 meters, thus, it can be more efficient in the use
of development funds. However, if the construction is
intended to build a two-story building or more, it is bet-
ter to add to the depth of fluvial sand facies, which is at
a depth of 11.5 meters.
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SAZETAK

Pracenje jezgre i ispitivanje statickim prodiranjem u analizi nosivosti kvarternoga
depozita i njegova povezanost s raspodjelom facijesa na juznom Baliju

U razvoju podrudja vazno je optimalno kori$tenje zemlji$ta i smanjenje rizika od geologkih katastrofa. Obalno podrudje
Juznoga Balija podloZno je opasnostima. Za smanjenje rizika vazno je poznavati okoli§ taloZzenja podrudja povezano s
njegovom nosivo$cu i geoloskim rizikom. Cilj je ovoga istrazivanja ispitati podzemno taloZenje i kvantificirati njegovu
nosivost. Kvantitativno modeliranje provedeno je kako bi se dobio kapacitet talozenja u podru¢ju Pendungan, Bali, In-
donezija. Metode koriStene u ovome istrazivanju bile su promatranje jezgara busotina, identifikacija uzorka krivulja is-
pitivanja statickim prodiranjem (CPTu), ispitivanje svojstva indeksa sedimenata, ispitivanje ¢vrstoce tla i analiza nosivo-
sti. Na temelju litoloske povezanosti, uzorka krivulje CPTu-a i analize veli¢ine zrna, u podrudju ispitivanja izdvajaju se tri
facijesa s razli¢itim vrijednostima nosivosti. Opéenito, pijesak na grebenu plaZe ima vec¢u nosivost plitkih temelja (N-SPT
vrijednost od 8 do 52) od fluvijalne gline, dok poplavni facijes ima najnizu nosivost (N-SPT vrijednost 2 do 20).

Kljucne rijeci:
nosivost, sediment, CPTu, facijes, juzni Bali
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