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Abstract 

Construction of the foundation on the marine the soil deposit is susceptible to excessive settlement and the construction 
of foundation is difficult. Although, the most common practice is to construct the raft foundation in these regions even 
for the low-rise building, excessive settlement can be observed in several building. So, in the present study, laboratory 
investigations have been done on the marine soil by modifying it with two different type of biopolymer such as Guar 
gum and Xanthan gum. The geotechnical properties of the soil modified with 1% and 1.5% biopolymer has been 
evaluated and the obtained properties has been used for settlement analysis. During the settlement analysis, the 
foundation soil model has been created as layered soil because the top layer has been replaced by biomodified soil. 
Several combi-nations have been created by varying the thickness of modified soil layer and the type and percentage of 
modifying agent. The settlement analysis has been performed in the settle 3D software and the biopolymer modification 
of soil has been found effective in controlling the foundation settlement. 
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1. Introduction

Building the foundation of high-rise structure is a difficult task on the marine soil deposit low bearing capacity. Due to 
the soil condition, commonly raft foundations are used which make the structure uneconomical. Several researchers 
have studied the bearing capacity of the coastal soil deposits [1, 2] along with the several performed numerical study 
[3, 4]. Further, several researchers have studied the bearing capacity of the modified ground [5, 6]. The study on the 
modified coastal soil in Kingdom of Saudi Arabia has also been performed by several researchers [7, 8]. However, 
although the study on the soil modification using biopolymer is available [9, 10] but it is found that the research on the 
foundation design over biomodified soil is not available in the best knowledge of the authors. So, due to the low bearing 
capacity of natural soil deposit, top 3m layer of the soil has been replaced by engineered soil modified using two 
different types of biopolymers such as Guar gum (GG) and Xanthan gum (XG). For the modification of the soil, 1% and 
1.5% Guar gum and Xanthan gum has been mixed with the soil. To study the effect, a case study has been done 
considering a raft foundation on loose sand with a low soil bearing capacity.  

2. Methodology

In this research, the top layer of the natural deposit has been replaced by the biomodified soil. Initially the soil for 
laboratory investigation has been collected from the depth of 2m. The soil has been modified by two different type of 
biopolymer such as Guar gum and Xanthan gum in 1.0% and 1.5%. Once the top layer is replaced by biomodified soil, 
the foundation soil will behave like a layered soil with top and bottom both layer as a sand. The bearing capacity of the 
layered soil has been calculated by using the bearing capacity equation for layered soil as in Eq (1). 
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Further, as the foundation material is sand, so the cohesion will be zero and the Eq (1) will reduce to Eq (2). 
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 In the above equation “qb” is the bearing capacity of the bottom layer and the “qt” is the bearing capacity of the top layer 
and the “Ks” is the function of angle of internal friction. The bearing capacity of top and bottom layer has been calculated 
using the Eqs (3) and (4). 

𝑞𝑏 = 𝛾1(𝐷𝑓 + 𝐻)𝑁𝑞(2)𝐹𝑞𝑠(2) +
1

2
𝛾2𝐵𝑁𝛾(2)𝐹𝛾𝑠(2)                                                                                    (3) 

𝑞𝑡 = 𝛾1𝐷𝑓𝑁𝑞(1)𝐹𝑞𝑠(1) +
1

2
𝛾1𝐵𝑁𝛾(1)𝐹𝛾𝑠(1)                                                                                                 (4) 

Where; Df is the depth of foundation, B is the width of foundation, γ is the unit weight of soil. The suffix “1” and “2” shows 
the property of top and bottom layer respectively.  

The properties of modified soil such as angle of internal friction (φ), unit weight (γ) has been evaluated in the laboratory. 

3. Result and discussion 

 

Figure 1 Grain size distribution of Jazan soil 

The basic geotechnical property of the soil collected from the depth of 2m has been evaluated in the laboratory. Later 
the soil has been modified with 1% and 1.5% Guar gum and Xanthan gum. The grain size distribution of the sand has 
been done as per the ASTM D6913-04 [11], the shear strength parameter has been evaluated as per the ASTM D3080-
04 [12], and the unit weight has been evaluated as per the ASTM D698-12 [13]. From the grain size distribution (Fig. 1), 
it is observed that the soil consists of more than 90% fine sand with coefficient of uniformity and coefficient of curvature 
as 2.1 and 1.54, respectively, and can be classified as poorly graded sand (SP). The angle of internal friction of sand has 
been observed as 23o with maximum the dry unit weight of 13 kN/m3 (Table 1). However, it is found that the 
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modification of sand increases after modification with biopolymer. The modification of sand using 1% Guar gum and 
Xanthan gum increases the angle of internal friction upto 37.21o and 39.01o, respectively, whereas the unit weight 
increases to 15.60 kN/m3 and 16.60 kN/m3, respectively (Table 1). The modification of sand with 1.5% Guar gum and 
Xanthan gum increases the angle of internal friction upto 40.72o and 47.73o, respectively, whereas the unit weight 
increases to 15.20 kN/m3 and 15.56 kN/m3, respectively (Table 1). 

  Table 1 Property of natural soil deposit and engineered soil 

Type of Soil Frictional angle (φo) Unit weight (γ) (kN/m3) 

Natural Deposit 23 13.00 

Modified with 1% XG 39.01 16.60 

Modified with 1.5% XG 40.93 15.56 

Modified with 1% GG 37.21 15.60 

Modified with 1.5% GG 40.72 15.20 

 

Later, the bearing capacity has been evaluated using the Eq. (2) [14, 15] and the bearing capacity factor Nq and Nγ has 
been evaluated using the Eqs (4) and (5) [16]. 

𝑁𝑞 = 𝑒𝜋𝑡𝑎𝑛∅ (
1 + 𝑠𝑖𝑛∅

1 − 𝑠𝑖𝑛∅
)                                                                                                                      (4) 

𝑁𝛾 = 1.5(𝑁𝑞 − 1)𝑡𝑎𝑛∅                                                                                                                        (5) 

For the case study done in the present research, a raft foundation with dimension 25.4 m length and 12.4 m width 
resting at the surface of the soil (Df = 0) has been considered. The thickness of the modified layer (H) in the present 
study has been considered as 3m. The bearing capacity evaluated by considering the above assumption and with factor 
of safety of 3 has been presented in the Table 2. 

Table 2 Bearing capacity of the modified soil 

Soil modified 
with 

qb 

(kN/m2) 
qt 
(kN/m2) 

qb/qt Ks qu 
(kN/m2) 

qu-safe 

(kN/m2) 

1% GG 361.89 455.74 0.79 8.00 

 

417.44 139.15 

1.5% GG 511.54 817.57 0.62 9.50 600.19 200.06 

1% XG 555.19 660.47 0.84 10.5 657.90 219.30 

1.5% XG 522.76 868.88 0.60 11.5 643.68 214.56 

 

It is observed from Table 2 that after modification of natural soil by using the biopolymer increases the bearing capacity 
of the soil. It is found that the modification of to 3 m soil by 1% and 1.5% Guar gum increases the bearing capacity by 
269% and 431% respectively. However, modification of top 3 m layer by 1% and 1.5% Xanthan gum increases the 
bearing capacity by 482.3% and 469.7% respectively. It can also be observed that the Xanthan gum is more effective in 
improving the bearing capacity. It is worth mentioning that the effectiveness of the biopolymer may decrease due to 
flow of water in the soil, so in depth study is required in this regard.   

Further, as the foundation settlement is a very important parameter in the foundation design, the settlement analysis 
has been done using a commercially available software Settle 3D. The Fig. 2 shows the soil model with only one layer 
prepared in Settle 3D. Whereas, the Fig. 3 shows the soil model with two layers prepared in Settle 3D. 
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Figure 3 Typical photo shows the layered soil model. 

The settlement value of the soil deposit without and with modification has been evaluated by applying the similar load 
in all the cases. The Fig 4 shows the variation of the settlement of natural deposit as well as modified soil. It is observed 
that the biopolymer modification effectively lowers down the settlement value of the soil (Fig. 4) along with increasing 
the bearing capacity (Table 2). A slight increase in the settlement is observed at higher percentage (1.5%) biopolymer, 
which may be due to the slight decrease in the maximum dry unit weight. The Fig. 5 shows a typical photo of variation 
of deformation at different location. It can also be observed in the Fig. 5 that the deformation in the soil is maximum at 
the center of the foundation and decreases with depth and in lateral direction. 

 

Figure 4 Variation of settlement value 
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Figure 5 Typical picture showing the variation settlement at different location 

4. Conclusion 

Based on the numerical calculations and the analysis in the Settle 3D software, following results has been drawn. 

The modification of the soil by 1% and 1.5% Guar gum increases the bearing capacity by 269% and 431% respectively, 
whereas, the modification by Xanthan gum increases the bearing capacity by 482.3% and 469.7% respectively. 

The settlement analysis by considering same load intensity for all condition shows that the foundation settlement 
decreases after biomodification of soil.  
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