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ABSTRACT  

Jet grouting is a practical method to construct a sealed cut-off wall beneath a 

retaining wall when the excavation needs to be carried out in dry conditions. 

The method is frequently used in Scandinavia to seal the area between a steel 

sheet pile wall and the bedrock. The retaining wall subsequently has a hydrau-

lic interface between the soil and the sheet pile, the soil and the jet grouted 

cut-off wall, and with the bedrock, respectively. However, the efficiency of 

the cut-off wall is often not possible to assess from hydraulic tests, and empir-

ical methods are used in practical design. In the current paper, the permeabil-

ity of the cut of wall is modelled from the installation and soil parameters, and 

the risk of encountering larger cavities in the cut-off wall is demonstrated. 

1. INTRODUCTION 

Development of building and infrastructure in urban environments frequently 

entails large excavation carried out beneath the groundwater table. Sealing the 

excavation from the surrounding groundwater is frequently one of the main 

challenges in geotechnical design. The jet grouting method was initially de-

veloped in Japan and has subsequently found worldwide use in practice, [1]. 

Jet grouted members of different shapes and properties can be developed at 

specified depths, giving the method great flexibility, [2]. In Scandinavia, ex-

cavations are frequent executed with sheet pile walls which are driven to the 
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bedrock and supported with dowels. Geological conditions for this excavation 

method are common especially in Eastern Sweden. A schematic outline of the 

retaining wall and the surrounding soil is shown in Figure 1. To prevent 

changes to the groundwater levels in the area surrounding the excavation, a 

hydraulic seal is frequently added by jet grouting between the sheet pile wall 

and the bedrock, also shown in Figure 1. After the jet-grouted wall is con-

structed, the resistance to groundwater flow into the excavation, QTotal, con-

sists of the different seals: the sheet pile wall, the jet grouted wall, and the 

flow through the bedrock, as shown in Figure 2.  

 

Figure 1. The typical design for jet-grouted columns for a hydraulic seal between the 

toe of the sheet pile wall and the bedrock 

 

Figure 2. The parallel system with resistance for the flow of water, consisting flow 

through the sheet pile wall, the jet-grouted wall and the bedrock. 
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For the design of the jet grouted structure, the main parameter of interest for 

the hydraulic seal or cut-off is column diameter, as well as the geometric pre-

cision of the jet-grouted columns, [3]. The interaction between the grout and 

the soil during jetting has been examined in detail in [4], outlining the mecha-

nisms by which the soil properties influence the diameter of the jet grouted 

structure. Methods for the prediction of the jet grouted column diameter have 

been developed in [5], and a comparison between different prediction meth-

ods has been demonstrated in [6].  

However, the prediction of the diameter is still associated with large uncer-

tainties. Hence a statistical approach to assess how the performance of the ge-

otechnical structure depends on the properties of the structure. In [7], the 

Monte Carlo method is used to assess the structural bearing capacity of a jet 

grouted structure. A similar method methodology is demonstrated in the cur-

rent article to assess the remaining gaps in the jet grouted seal, taking account 

of the variability of the jet grouted columns.  

2. METHODOLOGY 

The geometric representation of the jet grouted columns in the Monte-Carlo 

method consists of a series of discs which extended along the diameter of the 

jet-grouted column. Since the columns is created by a rotational motion with 

the jet monitor, this representation can be considered to capture some of the 

main mechanism of the jet grouting process: namely the dependence of the lo-

cal soil layer and the rotation and elevation speed of the monitor, [4]. The 

basic geometrical properties of the discs are shown in Figure 3. The statistical 

formulation consists of the description of the diameter of the discs with the 

normal distribution, but a correlation between the diameter of each depth is 

included to represent the influence of the specific soil layer.  

 

Figure 3. The geometry of the jet grouted columns in the Monte-Carlo simulation. 
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The following parameters are included in the statistical model:  

• The number of columns 

• The center-distance between the columns 

• The depth to the top of the columns and the depth to the bottom of the 

columns 

• The delta height of the discs 

• the statistical distributions for the deviation in position on the ground 

surface 

• The azimuth for the position deviation, the deviation in vertical incli-

nation and its azimuth 

The simulate the correlation between the discs at each layer, a matrix contain-

ing the discs diameters is generated. An additional correlation parameter is 

needed together with the mean value, and the standard deviation for the dime-

ter of the discs. A correlation matrix, P, is constructed with the size n×n, the 

diagonal consisting of ones and the rest ρ. The indices implies that the diame-

ter in the same column is perfectly correlated with itself, and the ρ’s deter-

mine the correlation factor between columns m and n which in this case indi-

cates the row and column in the matrix. The uniform distributions are then 

transformed to normal distributions. The diameter matrix now consists of col-

umns with normally distributed series with mean-value and standard deviation 

that are correlated with each other with the correlation factor ρ. 

Figure 5 shows the diameter of the discuss in a scatter diagram, and Figure 5 

shows the graphical representation of the discs for ρ = 0,85.  

A simulation can subsequently be carried out with a specified set of parame-

ters, in which the wall is simulated graphically, and the area from hollow 

holes emanating from the jet grouted walls is calculated. The model is imple-

mented in the Monte-Carlo model and the resulting number of holes and the 

hole area are calculated, resulting in a distribution for statistical inference.  
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Figure 4. The correlation between the diameter of each disc at each layer for two col-

umns with a correlation coefficient of 0,85.  

  

Figure 5. The graphic representation of the jet grouted columns as discs for two col-

umns with a correlation coefficient of 0,85.  
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3. RESULTS 

The described methodology for the Monte Carlo simulation of a jet-grouted 

cut-off wall allows a statistical analysis of the main parameters included in the 

design. The risk of groundwater flow through the jet-grouted cut-off can sub-

sequently be estimated from Darcy’s law with an estimation of the hydraulic 

conductivity of the surrounding soil.  

A simulation was carried out for a typical jet-grouted cut-off, in which the to-

tal length was 42 m, with 2 m long jet-grouted columns. The column diame-

ter, the center location of the column, and the inclination of the column were 

included in the Monte Carlo simulation.  

Figure 6 displays the probability density function from the Monte-Carlo simu-

lation. The normalized hole area, defined as the hole area divided by the total 

area of the wall, is shown on the abscissa on the graph. For the particular sim-

ulation, in which the column diameter was normally distributed with 

N(1,0.12), the probability of at least one hole is larger than 98 %, and it is 

quite likely that the total hole area is between 0,05 to 0,1 m2.  

If the hydraulic conductivity is known, the probability of a groundwater flow 

into the excavation can subsequently be calculated. 
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Figure 6. The probability density function for the normalized total hole area from the 

Monte-Carlo simulation.  

4. CONCLUSIONS 

A numerical procedure to carry out a Monte-Carlo simulation on a jet-grouted 

cut-off wall has been developed and demonstrated. The method allows the 

simulation of the hydraulic performance of the cut-off wall, and the influence 

of the main parameters in the design can be estimated, especially the influence 

of the column diameter.  
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