
Journal of Engineering Design and Technology    40 
 

LOGIC 
Journal of Engineering Design and Technology 
Vol. 21 No.1 March 2021; p. 40 - 51 

 
SETTLEMENT OF GEOSYNTHETIC ENCASED STONE 

COLUMNS LIQUEFACTION CONDITION IN BOX 
CULVERT  

 
 
1,2) Department of Civil Engineering, 

Politeknik Negeri Jakarta, Jl. Prof. Dr. 
G.A Siwabessy, Kampus Baru UI, 
Depok 16424 

 
Corresponding email 1) 2):  
maftuhahnan82@gmail.com   
putera.agungmagung@sipil.pnj.ac.id 

 
Maftuh Ahnan1), Putera Agung Maha Agung 2) 

 
Abstract. When the box culvert system is placed on a sandy soil layer 
with a relatively low bearing capacity and is disposed to potential 
liquefaction, the soil layer must be repaired to avoid damages to the box 
culvert structure. The proposed method is Geosynthetic Encased Stone 
Columns (GESC) to increase the bearing capacity and anticipated the 
liquefaction potential. however, to meet the criteria for a stable and safe 
GESC soil improvement in liquefaction conditions, the value of the 
settlement must meet the requirements for the settlement permit limit. 
This research was conducted to determine the potential for liquefaction 
at the study location, to calculate the value of single and group 
settlements in liquefaction conditions and to analyze the stability of 
single and group settlements including safe or unsafe in liquefaction 
conditions. Analysis of liquefaction potential was analyzed based on 
SPT data using the Valera and Donovan method, and settlement 
analysis applied the Almeida and Alexiew method. The analysis shows 
that potential liquefaction due to an earthquake with a magnitude of 9.0 
SR will be at a depth of 4 to 8 m. Single and group settlements (144 
sets) with an installation distance of 1.2 m with a diameter of 0.4 m and 
at a depth of 10 m are 246.23 and 214.92 mm, respectively. The entire 
GESC system is considered to be in an unstable and unsafe condition 
against potential liquefaction and box culvert loading. 
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1. INTRODUCTION 

Box culvert structure is a water drainage that is placed on land with loose or sandy soil layers that have 
low soil bearing capacity and are susceptible to liquefaction potential [1], [2]. This can be dangerous the box 
culvert structure. Thus, it is necessary to improve the soil layer. The method proposed in soil improvement, 
namely Geosynthetic Encased Stone Column (GESC), functions to increase soil bearing capacity, reduce 
liquefaction that occurs as gravel drainage in air-saturated sand soils, reduce pore water pressure [3]–[6]. 
Geosynthetic Encased Stone Column can also be used to strengthen road embankment stability and peat soil 
layer strengthening [7], [8]. 

However, to meet the criteria for stable and safe soil improvement, the value of the settlement in the 
Geosynthetic Encased Stone Column (GESC) as a subgrade improvement in the box culvert structure must meet 
the requirements for a settlement permit limit of 25.4 mm. settlement beyond the permit limit can result in 
damage to the box culvert structure [9], [10]. 

Geosynthetic Encased Stone Columns settlement in sandy or loose soil layers was calculated using the 
Almeida and Alexiew  method with using the principles of the Raithel and Kempfert models. where this model 
assumes a constant column volume subject to uniform lateral deformation over the entire column, and lateral 
stress from the surrounding soil assuming the ground pressure at rest [7], [11]–[13]. settlement of the 
geosynthetic encased stone column in sandy soil or loose sand is calculated using the Almeida and Alexiew 
method shown in Eq. (1) with parameters and E * or modified modulus in Eq. (2) and (3) [14]. 
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Then in reviewing the dangers and analysis of the potential for liquefaction, the method used by Valera 
and Donovan aims to find the critical value of SPT or Ncrit as a determination of  liquefaction or  non-
liquefaction conditions with the following Eq. (4) [15]–[17].  

 
𝑁+2:; = 𝜂[1 + 0,125(𝑑𝑠 − 3) − 0,05(𝑑𝑤 − 2)           (4) 

Where 𝑁+2:; is the critical value of N-SPT, 𝑑& is the depth of the sand layer being reviewed, then 𝑑< is 
the depth of the groundwater level from the ground surface then the value 𝜂 is a function of the vibration 
intensity due to tectonic earthquakes. The MMI scale is determined based on the damage to buildings and things 
felt by humans due to the earthquake. 

When liquefaction, the frictional strength of the clay layer only receives 30 percent of the total 
overburden stress, meaning that the frictional resistance is corrected up to 30 percent [18], [19]. In this study, it 
is determined that the resistance of friction is corrected by 30-50% of phenomena due to liquefaction that can 
affect the value settlement of Geosynthetic Encased Stone Columns in single or group settlement. 

The purpose of this study was to see the potential for liquefaction in the sewer box review area using the 
Valera and Donovan method based on standard penetration test (SPT) data. then to calculate the settlement of 
single and group Geosynthetic Encased Stone Columns in liquefaction conditions based on the results of 
potential analysis liquefaction method of Valera and Donovan. and for analysis stability the settlement of 
Geosynthetic Encased Stone Columns in single and group against box culvert loading. 

. 
2. METHODS  

In this study, the box culvert planning located at STA 127 + 100 Trans Sumatra Toll Road Kisaran-
Tebing Tinggi section Indrapura-Kisaran with a sandy soil layer that has a relatively low bearing capacity and is 
in an area with a high potential for earthquakes and the potential for liquefaction  shown in Figure 1. In this case, 
the Geosynthetic Encased Stone Columns was provided as soil improvement at the STA 127 + 100 box culvert 
location.  

 
 

 
 
 

 

 

 
 
 
 
 
 
 

 

Figure 1. Trans Sumatra Toll Road  Kisaran - Tebing Tinggi section Indrapura - Kisaran 
 

2.1 Design Data  
The data used in this study are secondary data from the results of field investigations standard penetration 

test (SPT) point BH-01 STA 127 +100 and laboratory testing by PT. Cipta Indah Citra and PT. PP also USU soil 
mechanics laboratory are shown in Table 1 and Figure 2. and other data in the form of box culvert dimensions, 
road cross-sections shown in figure 3. 
 

Study 
Location 
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Table 1. Resume of Laboratory Testing Results 

 
FORM SUMMARY OF TESTS 

Project : Rencana Akhir (DED) Jalan Tol Indrapura - Kisaran 
Location : Indrapura - Kisaran 

Location Sample no. Sample 
Type Depth Depth Water 

Content 
Unit 

Weight 
Dry 

Density 
Specific 
Gravity Saturability Void 

Ratio 
  

 (m) (m) 
Wn gn gn Gs Sr e 

  ( % ) (gr/cm3) (gr/cm3) (gr/cm3) (%) - 

Sta. 
122+525 BH-19 UDS 3.50-

4.00 4 32,75 1,682 1,267 2,59 81 1,049 

Sta. 
122+525 BH-19 UDS 5.50-

6.00 6 35,79 1,854 1,365 2,69 98,95 0,976 

Sta. 
122+525 BH-19 DS 13.50-

14.00 14 30,62 1,923 1,472 2,71 98,49 0,844 

Sta. 
122+525 BH-19 DS 19.50-

20.00 20 26,83 1,947 1,535 2,69 95,52 0,758 

 
 
 

 
 

Figure 2. N-SPT BH-01 
 

As an preliminary design planning for the box culvert design, dimensions of 1.5 x 1.5 are used with a 
length of 86 m according to the cross section of the road STA 127+100 shown in figure 3. Then in the initial 
design Geosynthetic Encased Stone Columns using a diameter of 0.4 m and 3D distance or 1.2 m with a length 
of 10 m using Ringtrac 6500 PM geosynthetic tubular protective material with a diameter of 0.4 m shown in 
figure 4.and then stone material with specifications γs is 2.2 t/m², ϕ is 34˚, C or cohesion is 0 t / m² [7], [20]. 
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Figure 3. Cross Section STA 127+100  Trans Sumatra Toll Road  Kisaran - Tebing Tinggi Section 
Indrapura – Kisaran 

 
 
 

 
 

Figure 4. Visualization of The Unit Cell Concept 
 
 

Research in this study includes several stages, including preliminary design, calculation of loading, soil 
cohesion analysis and correction of N on N-SPT, etc. there are several stages in this research that must be carried 
out in data analysis. 
1. Calculating the load on the box culvert using references to SNI 1725: 2016 and SNI 1726: 2019 [21], [22]. 

Calculated based on the dimension data of the box culvert and the cross section of the road. 
2. Perform axial, transverse and moment force analysis on the calculation results of the box culvert loading 

using SAP 2000 software. 
3. Calculate soil cohesion along the soil layer depth and make corrections to the N value using standard 

penetration test (SPT) data 
4. Performing critical Ncrit or N calculations along the depth of the soil layer based on standard penetration 

test data and determining the soil condition for potential liquefaction or non-liquefaction based on the 
Valera and Donovan liquefaction potential analysis method. 

5. Calculating and determining the geosynthetic encased stone column design parameters in liquefied soil 
conditions, namely the corrected soil cohesion in the soil layer that occurs liquefaction based on the results 
of the analysis of the potential liquefaction of the Valera and Donovan method and several other parameters 
such as void ratio, soil weight, active soil pressure coefficient and passive, lateral rest pressure coefficient 
based on Broker and Ireland also Jaky, Poisson ratio, modulus of soil elasticity based on Webb [23]. 

6. Planning a geometric pattern of the distance and diameter of the geosynthetic encased stone column based 
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on the Raithel and Kempfert models. 
7. Calculating column and soil stress, vertical stress on the column and, also calculate horizontal stress on the 

column and the surrounding soil based on the Raithel and Kempfert method. 
8. Calculating the geotextile requirement using the Ringtrac 6500 PM to produce the horizontal geotextile 

stress and the total horizontal soil stress based on the Raithel and Kempfert methods 
9. Perform geosynthetic settlement calculations for single and group encased stone columns using the Almeida 

and Alexiew  method [14]. 
10. Analyze settlement stability of single and group Geosynthetic Encased Stone Columns. 
11. Conducting final conclusions on single and group settlement of Geosynthetic Encased Stone Columns under 

liquefaction conditions based on the analysis of liquefaction potential using the Valera and Donovan 
method . 
 
 

3. RESULTS AND DISCUSSION 
3.1 Calculation of box culvert loading 

Calculation of box culvert loading using SNI 1725: 2016 and 1726: 2019 and loading analysis using SAP 
2000 [21], [22]. The following are the results shown in Table 2. 

 

Table 2. Result of Calculation and Analysis of Box Culvert Loading 

Data Nilai Satuan 
Pv 4330,66 ton 
Mx 0 ton-cm 
My 27979,77 ton-cm 
Mx(Gempa) 20597,17 ton-cm 
My(Gempa) 39250,31 ton-cm 
Mx total 20597,17 ton-cm 
My total 67230,08 ton-cm 
H 30 cm 
Berat Isi 2.4 t/m3 
Wpile-cap Grup 
144 123,84 ton 

Σ(tiang) (n) 144 buah 
Ptotal/n 30,93 ton 
My . x 4033805 ton-cm . cm 
Σx2 518400 cm2 
My . x/Σx2 7,781 ton 
Mx . y 1235830 ton-cm . cm 
Σy2 518400 cm2 
Mx . y/Σy2 2,384 ton 
Pmaks 41,1 ton 

 

3.2 Soil Cohesion Analysis 
Secondary data obtained were processed by data processing in the form of soil cohesion analysis and N 

correction on the N-SPT data. The results are shown in Table 3. 
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Table 3. Result of Calculation and Analysis of Soil Cohesion 

STANDARD PENETRATION TEST 

Project : Pondasi Box Culvert             Date     

Test No. : BH-01 ( STA 127+100)             Tested by :   

Site name : Jalan Tol Indrapura - Kisaran             Weather : Fine   

Location : Kabupaten Batubara, Sumatera Utar             GWL : -14,0 m 

PERHITUNGAN DATA SPT 

Depth N 

Parameter-parameter koreksi peralatan 
dan lokasi Cu Cu gm sv' sr Perbandi

ngan  Koreksi  N'60 
Lapis

an 
tanah 

Em CB CS CR N60 (t/ 
m2) (kPa) (t/ 

m3) 
(t/ 

m2) 
(t/ 

m2) (sv'/sr)  (CN)   

(A) (B) (C) (D) (E) (F) (G) (H) (H) (I) (J) (K) (L) (M) (N) (O) 

0,00 0 0,5 1,0 1,0 0,75 0,00 0,00 0 1,58 0,00 10 0,00 1,83 0,00 

Lemp
ung -1,00 6 0,5 1,0 1,0 0,75 3,75 3,60 35 1,64 1,64 10 0,16 1,61 6,05 

-2,00 12 0,5 1,0 1,0 0,75 7,50 7,20 71 1,70 3,40 10 0,34 1,43 10,71 

-3,00 9 0,5 1,0 1,0 0,75 5,63 5,40 53 1,670 5,01 10 0,50 1,29 7,28 

Pasir 
Kelem
punga

n 

-4,00 5 0,5 1,0 1,0 0,75 3,13 3,00 29 1,630 6,52 10 0,65 1,19 3,71 

-5,00 3 0,5 1,0 1,0 0,75 1,88 1,80 18 1,610 8,05 10 0,81 1,10 2,06 

-6,00 1 0,5 1,0 1,0 0,75 0,63 0,60 6 1,590 9,54 10 0,95 1,02 0,64 

-7,00 2 0,5 1,0 1,0 0,75 1,25 1,20 12 1,600 11,20 10 1,02 0,95 1,19 

-8,00 3 0,5 1,0 1,0 0,75 1,88 1,80 18 1,610 12,88 10 1,07 0,88 1,66 

-9,00 27 0,5 1,0 1,0 0,75 16,88 16,20 159 1,850 16,65 10 1,28 0,77 12,96 

-10,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 20,80 10 1,49 0,67 20,96 

-11,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 22,88 10 1,53 0,63 19,71 

Pasir 
Tufan 

-12,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 24,96 10 1,56 0,60 18,60 

-13,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 27,04 10 1,59 0,56 17,61 

-14,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 29,12 10 1,62 0,54 16,72 

-15,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 30,20 10 2,01 0,52 16,29 

-16,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 31,28 10 1,96 0,51 15,88 

-17,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 32,36 10 1,90 0,50 15,50 

-18,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 33,44 10 1,86 0,48 15,13 

-19,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 34,52 10 1,82 0,47 14,78 

-20,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 35,60 10 1,78 0,46 14,44 

-21,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 36,68 10 1,75 0,45 14,12 

-22,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 37,76 10 1,72 0,44 13,82 

-23,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 38,84 10 1,69 0,43 13,52 

-24,00 50 0,5 1,0 1,0 0,75 31,25 30,00 294 2,080 39,92 10 1,66 0,42 13,24 

 

3.3 Analysis of the Liquefaction Potential of the Valera and Donovan method 
In the analysis of the liquefaction potential of the Valera and Donovan method, the largest earthquake 

data in the last 100 years was used, namely the Aceh earthquake in 2004, the magnitude of the earthquake was 
9.0 SR including the maximum intensity on the MMI level IX scale [24]. The value of 𝜂 with MMI level IX was 
obtained values of 16 blows/feet [15]–[17].  
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then based on SPT data that the depth of the groundwater level is 14 m, then the 𝑁!"#$ calculation can be 
done according to the depth of the soil. From several 𝑁!"#$ calculations, it can be compared between N and 
𝑁!"#$ at a depth of 0-24 m at the test point BH-01 STA 127 +100.  

If 𝑁 > 𝑁𝑐𝑟𝑖𝑡, which means that there is no liquefaction in the existing depth with a 9.0 SR earthquake, 
then if the results are 𝑁 < 𝑁𝑐𝑟𝑖𝑡, which means the soil is in the existing depth of liquefaction with a 9.0 SR 
earthquake, the results of the analysis and calculation of the potential liquefaction of the Valera and Donovan 
method can be seen in Table 4. 

 
Table 4. 𝑁!"#$ Calculation and Evaluation Results at STA 127 + 100 Valera and Donovan Method 

 

No STA MAT Depth (m) N (blow/ft) Ncrit(blow/ft) Evaluation 

1 127+100 14 

0 0 0 No Liquefaction 
1 6 2,4 No Liquefaction 
2 12 4,4 No Liquefaction 
3 9 6,4 No Liquefaction 
4 5 8,4 Liquefaction 
5 3 10,4 Liquefaction 
6 1 12,4 Liquefaction 
7 2 14,4 Liquefaction 
8 3 16,4 Liquefaction 
9 27 18,4 No Liquefaction 
10 50 20,4 No Liquefaction 
11 50 22,4 No Liquefaction 
12 50 24,4 No Liquefaction 
13 50 26,4 No Liquefaction 
14 50 28,4 No Liquefaction 
15 50 30,4 No Liquefaction 
16 50 32,4 No Liquefaction 
17 50 34,4 No Liquefaction 
18 50 36,4 No Liquefaction 
19 50 38,4 No Liquefaction 
20 50 40,4 No Liquefaction 
21 50 42,4 No Liquefaction 
22 50 44,4 No Liquefaction 
23 50 46,4 No Liquefaction 
24 50 48,4 No Liquefaction 

 
 
Table 4 shows the results at a depth of 4-8 m, there will be liquefaction, so that the area is safe at a depth 

of more than 8 m. 
 
 
3.4 Settlement Geosynthetic Encased Stone Column 
Design Parameters 

The GESC design parameters are determined in liquefaction conditions at a depth of 4-8 m based on the 
analysis of the liquefaction potential of the Valera and Donovan method, namely the value of FS or in this case 
the corrected cohesion of 30% at a depth of 0 to 8 m. and corrected 50% at a depth of 9 to 24 m is shown in 
Table 5. 
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Table 5. Design Parameters Geosynthetic Encased Stone Columns 

Depth e0 Cu φ γt ɣsat vs kos E Eoed,s kac kpc 
(m) (t/m2) (°) (t/m3) (t/m3) (t/m²) t/m2 
0-2 1.05 1.62 25 1.682 

 
0.4 0.69 2039 432 0.2827 3.537 

2-10 0.98 3.40 25 1.854 
 

0.3 0.58 1245 1417 0.2827 3.537 
10-14 0.76 15 40 1.947 

 
0.3 0.36 3175 6037 0.2827 3.537 

14-24 0.76 15 40 
 

1.966 0.3 0.36 3175 6037 0.2827 3.537 
 
Geometric Plan Geosynthetic Encased Stone Columns 

Diameter GESC is 0.4 m with a distance of 1.2 m with a rectangular pattern. then calculate several 
parameters including calculated area of the column (Ac) see in Eq. (5). 
 
  𝐴𝑐 = =

>
. 𝐷$ = 0.13                                        (5) 

 
Diameter unit cell area refer to Eq. (6) and Unit Cell Area (Ae) refer to Eq. (7) 
 
  𝐷𝑒 = 1.13. 𝑆 = 1.13	 × 1.2 = 1.36	𝑚                                        (6) 
  𝐴𝑒 = =

>
. 𝐷$ 			= 0.13                                        (7) 

 
Area replacement ratio stone column refer to Eq. (8) 
 	𝛼𝑐 = ?+

?%
= 0.09                                        (8) 

Area replacement ratio of the surrounding soil refer to Eq. (9) 
  𝛼𝑠 = 1 − 𝛼𝑐 = 0.91                                       (9) 
 
Stress Ratio on column refer to Eq. (10). 
  𝑞𝑐 = @

'5(@(')∝+
= B

'5(B(')-.-C
= 3.71                                      (10) 

 
Stress Ratio on Soil refer to Eq. (11). 
  𝑞𝑐 = @

'5(@(')∝+
= '

'5(B(')-.C'
= 0.21                                      (11) 

 
Calculation of vertical and horizontal stress Column and Soil 
Vertical Stress 
Calculation of the stress received by the stone column and surrounding soil is calculated by multiplying the 
stress due to the box culvert load by the stress ratio. For vertical stress on column refer to Eq. (12). 
 
 𝜎%+ = 𝑞,. 𝑞+ = 41.1 × 3.71 = 152.44	 𝑡 𝑚$O                                     (12) 
 
And vertical stress on soil refer to Eq. (13). 
 
	𝜎%& = 𝑞,. 𝑞& = 41.1 × 0.21 = 8.84	 𝑡 𝑚$O                                      (13) 

After that, the calculation of the vertical stress on the soil and stone column per soil layer is shown in Table 6. 
due to loading on the box culvert structure produces horizontal pressure. And The summary of the horizontal 
stresses from the column (σhc) and the horizontal stresses from the surrounding soil (σhs) is shown in Table 7 
and 8. 
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Table 6. Summary of The Calculation of Vertical Stress In The Surrounding Soil and Stone Column 

Surrounding soil Stone Column 

Depth 
Column 

(m) 

h 
(m) 

ɣt ɣsat Vertical Stress 
(σ'v,o,s) - t/m² 

Ʃσ'v,o,s 
(t/m²) 

Depth 
Column (m) 

h (m) ɣc Vertical 
Stress 

(t/m3) (t/m3) Layer 1 Layer 2 Per Layer 
  

(t/m3) 
 

0-2 2 1.682 
 

1.68 
 

1.68 0-2 2 2.2 4.4 

2-10 8 1.854 
 

13.46 7.42 20.87 2-10 8 2.2 17.6 

 
Table 7. Summary of The Calculation of Horizontal Stress In The Surrounding Soil  

Surrounding Soil 

Depth 
Column 

(m) 

h 
(m) Kos 

Vertical Stress 
 (σ'v,o,s) - t/m² Ʃσ'v,o,s (t/m²) σro'=Ʃσ'v,o,s x 

Kos  
σvs x 
Kos  σhs  

Layer 1 Layer 2 Per Layer (t/m2) (t/m2) (t/m2) 

0-2 2 0.69 1.68   1.68 1.16 6.11 7.27 
2-10 8 0.58 13.46 7.42 20.87 12.04 5.10 17.14 

 
Table 8. Summary of the calculation of horizontal stress in stone column 

Stone Column 

Depth 
Column 

(m) 
h (m) Kac 

Vertical 
Stress 

(σ'v,o,c) 
t/m²  

(σ'v,o,c) 
x Kac 

(σvc) x 
Kac σh,c 

(t/m²) (t/m²) (t/m²) 

0-2 2 0.2827 4.40 1.244 
43.09 44.34 

2-10 8 0.2827 17.60 4.976 48.07 
 
Horizontal stress calculation after encased is installed 
From Table 7 and 8, it can be seen that the soil is not able to withstand the horizontal stress from the column 
because (𝜎ℎ+ > 𝜎ℎ&)	it requires a geotextile. calculation of 𝜎ℎD8,	with the Ringtrac 6500 PM high modular low 
creep geotextile encased material refer to Eq. (14)-(15). 
 
  ∆𝐹𝑟 = 𝐽 × ∆2

2)%$
= 650 × -,--C

-,>
= 28.29	 𝑡 𝑚$O                                       (14) 

 
 𝜎ℎD8, =

2
2D8,

= $E,$C
-,$

= 141. 40	 𝑡 𝑚$O            (15) 

After obtaining the horizontal stress that the geotextile is able to withstand, it can be added with the 
horizontal stress of the soil in an effort to withstand the horizontal stress of the column. A summary of these 
conditions can be seen in Table 8. 

 

Table 8. Horizontal Stress Comparison After Encased Installed 

σh,c 
column 

σh,s 
soil Information σh diff σh geo σhs total condition 

(t/m²) (t/m²)  (t/m²) (t/m²) (t/m²) (t/m²) 
44.339 7.275 need encased 37.064 141.40 148.676 safe 
48.071 17.141 need encased 30.930 141.40 158.542 safe 
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Single Settlement of Geosynthetic Encased Stone Columns 
In the results of the design parameters, the calculation of vertical and horizontal stresses can be calculated 

settlement consisting of Layer 1 with a length of 2 m at a depth of 0–2 m and Layer 2 with a length of 8 m at a 
depth of 3–10 m. with the modulus of constrain, it is determined by an average value of 8D above and 4 D down 
of 3757.9 t / m². The following is the calculation of a single settlement Geosynthetic Encased Stone Columns 
using the Almeida and Alexiew  method at the length of the Geosynthetic Encased Stone Columns 0-2 m depth 
refer to Eq. (16)-(21). 
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2,
− 0.∆2+

2,
= 14.7                 (20) 

𝑆𝑐 = (12. ( 13-15)).h = -1.87 mm                (21) 

From the calculation results, the results can be formulated in Table 9. 
 

Table 9. Result Single Settlement of The Geosynthetic Encased Stone Columns 
 

Data Value Unit 
Sc1 -0.0187 M 
Sc2 0.2648 M 

Sc Total 0.2462 M 
 246.23 mm 

 
Group Settlement of Geosynthetic Encased Stone Columns 
In calculating settlement in Geosynthetic Encased Stone Columns Group with the formation of 144 Geosynthetic 
Encased Stone Columns, namely 2 rows of 72 columns, it begins with calculating q group GESC refer to Eq. 
(22-24). 
𝑞D2,HIJ#.K =

L)
(M)×N))

= OP)Q&×@
(M)×N))

= >'.'×'>>
$×ES

= 34.41 𝑡 𝑚$O             (22) 

𝜎%,+ = 𝑞D2,HIJ#.K × 𝑞+ = 34.41 × 3,71 = 127.62 𝑡 𝑚$O             (23) 

𝜎%,& = 𝑞D2,HIJ#.K × 𝑞& = 34.41 × 0,21 = 7.40 𝑡 𝑚$O              (24) 

Calculation of the Settlement of the 144 Geosynthetic Encased Stone Columns group using the Almeida and 
Alexiew  method. The calculation results are then recapitulated in Table 10. 

 

Table 10. Result Group Single Settlement of The Geosynthetic Encased Stone Columns 

Data Value Unit 
Sc1 -0.0114 m 
Sc2 0.226 m 

Sc Total 0.2149 m 
 214.92 mm 

 
Stability Analysis on Single Settlement of Geosynthetic Encased Stone Columns 
From the calculation results shown in Table 9 for a single settlement Geosynthetic encased stone columns, it was 
found that 246.23 mm exceeded the permit requirements of 25.4 mm. thus the single settlement of the 
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geosynthetic encased stone column is considered unstable and unsafe. excessive settlement can also cause 
damage to the box culvert structure. 
 
Stability Analysis on Group Settlement of Geosynthetic Encased Stone Columns 
From the calculation results shown in Table 10, for the settlement of 144 geosynthetic encased stone column 
formation, it was found that 214.92 mm exceeded the settlement permit requirement of 25.4 mm. Soil repair with 
the encased stone column Geosynthetic method was not appropriate for the box culvert structure with an 
earthquake load of magnitude 9.0 SR 
 
4.  CONCLUSION  
From the analysis and discussion of the settlement in geosyntetics encased stone column liquefaction condition 
in box culvert, the following conclusions can be drawn: 
1. Based on the results of the analysis of the potential for liquefaction with the Valera and Donovan method, it is 
found that at a depth of 4 to 8 m, there is a liquefaction with an earthquake of magnitude 9.0 SR. 
2. Based on the results of calculations and analysis of the settlement of the Almeida and Alexiew  method on a 
single settlement in the Geosynthetic Encased Stone Columns, it is obtained 246.23 mm. Then on settlement of 
the 144 Geosynthetic Encased Stone Columns formation group obtained 214.92 mm. 
3. In the stability analysis on single and group settlement 144 Geosynthetic Encased Stone Columns exceeds the 
settlement requirement of 25.4 mm, the single and group settlement does not meet the requirements and is 
declared unstable and unsafe under liquefaction conditions against box culvert loading. 
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