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Abstract. An earthquake can inflict a liquefaction hazards which can damage buildings and
infrastructure. Furthermore, earthquakes are difficult to predict when and where earthquakes
will occur and happen suddenly without being preceded by signs. Therefore, we must do a
geological investigation before building a construction to evaluate the potential lique faction in
that area. Evaluation of the potential liquefaction using Cone Penetration Test (CPT) is one
method can be used because repeatable, provided a continuous profile, and economic. This
method needs peak ground acceleration (a,,,) value at an interval of 0.1 g to 0.6 g and
carthquake magnitude of 6.2 scale richter. Based on the results of the research was obtained in
this research area, there were potential liquefactions when the peak ground acceleration (a,,,)
value was above 0.3 g.

1. Introduction

lndonesis an earthquake-prone region because it is passed by the encounter path of 3 plate tectonics,
namely, Indo-Australian Plate, Eurasian Plate, and Pacific Plate. This resulted in shocks caused by the
earthquake that can damage everything on the earth's surface. Furthermore, the soil will lose shear
strength, with the result that initially solid soil behaves like liquid material due to the load of the
carthquake so fast. So that the pressure of pore water will increase. Therefore, seeing the potential for
liquefaction that is very harmful and can cause fatalities, it requires to evaluate the potential
liquefaction in building construction.

Identification of potential liquefaction using CPT data is one way to know the consistency of soil
layer to potential liquefaction. This CPT method is repeatable, provided a continuous profile, can be
calculated and economic. The results of this identification can be used as a recommendation for
policymakers in designing more disaster-resistant buildings in the future.

2, Methods

The first step in evaluating liquefaction was to determine whether area can melt when given
vibrations. Most of the soil vulnerable to liquefaction is non cohesive soil. Geographically, the area of
this research was located at coordinates 5°09'30.4"S 119°24'55.7"E. This area is formed by alluvium
rocks, the soil layer generally consists of thick sand, silt, and clay materials with deep bedrock that
causes seismic wave resonance during an earthquake. To obtain the required data in the evaluation of
potential liquefaction, we did a geological investigation of engineering in the form of Cone
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Penetration Test (CPT) testing in 5 points spread over this research area and the coordinates as in
Table 1.

Table 1. Coordinates on Research Area

Code Coordinate Ground Water Level
Longitude Latitude (m)

S-01 767656 9429329 14

5-02 767757 0429204 1.6

S-03 767748 62 0429403 32 14

S5-04 767741.39 9429303.28 14

S-05 767816.33 9429306 .43 1.4

Table | shows that based on the Cone Penetration Test results, ground water level in this area was
at an interval of 1.4 to 1.6 m. Soil profiles of this area varied between clay and loose sand. The
presence of water-saturated sandy soil in this area allowed for liquefaction, especially when there was
an earthquake, loose sand undergoes a large shear strain, which can result in large vertical and
horizontal deformations. The strength of loose sand also could be lost during an earthquake resulting
in landslide flows with extensive deformations based on drainage and soil geometry [1].

From the results of the Cone Penetration Test (CPT) in the field, we got the parameters of ground
layer penetration resistance in the form of cone resistance (q.), shear resistance (f;), resistance ratio
(Ry), and total adhesion resistance (T;). These parameters will be used to evaluate potential
liquefaction at the research area.

In a potential liquefaction analysis, a handle value was required to determine whether liquefaction
occurs or not. The value of this hand was called the safety factor which is a comparison between
Cyclic Stress Ratio (CSR) and Cyclic Resistance Ratio (CRR) [2]. The equations used to evaluate the
potential liquefaction in this area were as follows:

2.4. Caleulation of Cyelic Stress Ratio (CSR)
The following steps to obtain CSR (Cyclic Stress Ratio) value from CPT (Cone Penetration Test) data:

CSR = B8 = (J.dj[""*;ﬂ](ﬁ)rd (1)

Oy

with,

CSR = Cyclic Stress Ratio. 1,,, = average shear stress, ¢, = total stress (kg;’cmj), o’, = effective stress
(kg/cm?), ame, = peak ground acceleration (m/s®), ry = coefficient of reduction force, g = gravity
acceleration 9.81 (m/s?).

To calculate the coefficient of reduction force, there are equations to estimate reduction force. The
coefficient of reduction force can be calculated based on the equation below or using a graph of the
relationship between the coefficient of reduction force and the depth as shown in Figure 1 [3].

Ty = 1.0 — 000765z forz < 9.15 (2)
ry = 1174 — 0.0267 zfor9.15m < z < 23m (3)
rg = 0774 — 0008z for23m <z < 30m (4)

tg = 05for z > 30m (5)

[¥]
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Figure 1. Coefficient of Reduction Force dan Depth [2]

2.2. Caleulate of Cyclic Resistance Ratio (CRR)
The following steps to obtain CSR (Cyclic Stress Ratio) value from CPT (Cone Penetration Test) data:

2.2.1. Estimate of Unit Weight

Estimate of unit weight can be used a graph of soil behavior based on CPT data, then the results of the
graph are correlated to Table 2 to obtain the estimated unit weight based on the zone obtained from
Figure 2.

8

-
=]

-

Cone resistance q, (MPa)

BT R e & AT )

Friction ratio (%)
Figure 2. Soil Behavior Graph Based On Data [4]
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Table 2. Approximate of Unit Weight [4]

Zone Zone Approximate of Unit Weight (kg/cm’)

0.00175
0.00125
0.00175
0.00180
0.00180
0.00180
0.00185
0.00190
0.00195
0.00200
0.00250
0.00150

e AR S I S R

2.2.2. Calculate q.ix

In the Youd and Idriss method (2001) the procedure of analyzing using CPT requires normalization of
the cone resistance (qc). This normalization returns a value of gclN that can be calculated using the
equation below.

qcm=cqx(§—;) 6)

with: gqn = correction of cone resistance, ¢q = factor of cone resistance normalization, g. = cone
. 2
resistance (kg/cm™), P, = Pressure at 1 atm

2.2.3. Calculate I..
To calculate I. can be using the equation below [2]:

I, =[ (3,47 —log log Q) + (1,22 + loglog F )1" 7

To calculate the value of Q, for the type of clean-sand n = 0.5, for silt and silty sand n=0.5 - | and
for the type of clay exponents n = 1 [2]:

_ [@c=Two)] - Pan
Q - [ Pa ][(T'DU) ] (8)
To calculate the value of F using the equation below [2]:
—_— FS @,
F= [@c— TD] x 100 % )

4. Calculate (goin)es
Robertson and Wride (1998) suggested to correct the value (qcIN) using the equation below

(Geindes = Ko X qean (10)

where K, correction factor for grain characteristic, specified by the equation below

glcg 1.64 K.=1.0 (11.1)
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IfL>1.64 K.=-040371°+558171°+21631°+33.75 — 17.88 (11.2)

2.2.5. Calculate value of Cyclic Resistance Ratio (CRR)
ThE¥ollowing equation is used to determine the CRR value,
If (ein)es <50

CRR; s =0,s33[%|+0,05 (12.1)
If 50 < (quin)es < 160
_ (dcin)esy3
CRR 5 = 93[{2es) 4 08 (12.2)

2.3.  Calculate Safety Factor
Moreover, the safety factor against liquefaction defined as [2]:

Fs = 5528 ySE (13)
CSR
If,
Fs = 525 MSF < 1 (liquefiable) (14.1)
CSR
_ CRR 75 = iti
FS = T MSF =1 (critis) (14.2)
CRR 72 .

FS = ?R-_MSF > (non-liquefiable) (14.3)

3. Results and Discussion

]
After obtaining the Safety Factor (SF) value in each layer of soil, In Figure 3 is presented a graph of
the relationship between soil depth and safety factor (SF) value is obtained that shows the potential
value of liquefaction at that point. Moreover, a comparison graph of safety factor (SF) value and peak
ground acceleration (@), CPT graph and interpretation of soil layering at CPT point S-01 to S-05
that is integrated up to the end of 250 kg/m> or until hard soil. The peak ground acceleration value of
the research area at an interval of 0.1 gto 0.6 g
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Figure 3. (a) Graph of Relation Between Depth and Safety Factor Value
(b) Graph of Cone Penetration Test

3.1. Evaluation of potential liguefaction

When there is an earthquake, the soil was deformed, cyclic load occurred quickly and pore water
pressure of soil increased. That’s why the soil was given vibration would be liquefiable. The potential
of liquefaction would be increased with the intensity of thggearthquake and the duration of the shock.
Earthquakes that had the highest strength would produce peak ground acceleration value that affects
the occurrence of liquefaction [5].

E Conclusion

Based on the results of field investigation analysis can be concluded, soil data obtained through Cone
Penetration Test (CPT) test shows location of the research area is sandy soil with clay inserts. The
results of the evaluation of potential liquefaction showed that as peak ground acceleration value (amax),
the liquefaction potential increased. Areas indicated liquefaction when the maximum earthquake
acceleration value was given above 0.3 g.
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