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Abstract 

One of the most popular elements created by using jet grouting technology are columns. 
During designing such columns, it is a problem of estimating their shape and dimensions. The main 
factors that influence on columns geometry are soil characteristic and technological parameters. 
At the frame of Authors scientific research, following technological factors were taken into account: 
system of jet grouting, injection pressure, dimension of nozzles and rotation speed during injection. 
In the paper some results of the field tests of jet grouting columns are presented. 
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 1 INTRODUCTION 
One of the main problem of designing jet grouting foundations is determining the real 

dimension of jet grouting columns and a compressive strength of cement grout material [2, 3, 9]. 
Analytical models which are available in literature estimate the approximate diameter of columns. 
However, they require a large amount of additional information that is not always known. Currently, 
the best way of determining the diameter of jet grouting columns in known water−soil conditions is 
making test columns, then excavating and making an inventory.  Some results of the tests carried out 
for jet grouting columns are described in [1]÷[6] and [8]÷[10]. This paper presents the study of the 
diameter of jet grouting columns and the compressive strength of cement grout material performed by 
research team of Department of Geotechnics and Roads of the Silesian University of Technology. 

In situ tests were carried out in Bojszowy Nowy in the trial field provided by the company 
Przedsiębiorstwo PPI Chrobok S.A. 16 jet grouting columns were performed, using single and double 
jet grouting systems. Each column was 4.0 m long. Before forming columns, geological surveys were 
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carried out. 2 drilling holes of 10 m length and 4 CPTU tests of 10 m length were performed [7]. 
The geological profile consists of (Fig. 1): 

• layer I – uncontrolled embankment consists clay and sand,  
• layer IIa – fine and medium sand, ID = 0.44; Φ=31.93°; c=0; M0=25.08 MPa, 
• layer IIb – fine and medium sand, ID = 0.78; Φ=36.46°, c=0; M0=98.44 MPa, 
• layer IIc – clay with organic part, IC = 0.62, Φ=18.96°, c=9.20 kPa; M0=7.76 MPa. 

 
Fig.1: Geological profile [7] 

The weakest part of the ground is layer IIc which has organic parts (muds and clay) from 2.2 
to 4.0 m below the surface. Thickness of these deposits is around 1.2 m. The water is in sandy soil. 
The level of ground water table is from 4.5 to 4.9 below the surface. 

 2 IN SITU TESTS 
At the trial field 8 single and 8 double jet grouting columns were performed. Following 

technological factors were taken into account: system of jet grouting, injection pressure, dimension of 
nozzles and rotation speed during injection. For the grout CEM II 32.5 was used (w/c = 1.0, density 
of cement grout 1.5 g/cm3). Forming time for all columns was equal 120 s/m. The columns were 
formed using two different injection pressures: 18 or 36 MPa. Also two different nozzles diameters 
were used: 2.8 and 4.0 mm. Rotation speed of the monitor was equal 12 or 25 rot./min. Compressed 
air flow rate for double fluid system was equal 5 m3/min. Spacing between single jet grouting 
columns was equal 2.0 m. Because of greater impact of cement grout with compressed air in soil, the 
spacing between double jet grouting columns was different: from 2.0 to 3.0 m.  

Some months later, the jet grouting columns were excavated up to 2.5 m below the surface and 
measured (Fig. 2÷3). 

Diameters of single jet grouting columns were at the range of 85÷115 cm and diameters of 
double jet grouting columns were at the range of 135÷190 cm. Making an inventory confirmed that 
using additional medium of compressed air causes creating bigger diameters of jet grouting columns. 
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a) 

 

b) 

 

Fig.2: Excavated jet grouting columns (own photos) 

 3 STRENGTH TESTS 
At the beginning, samples of cement grout material from columns were taken during injection 

process. The samples had cubic shape with sides equal 15 cm (Fig. 4). Unconfined compressive 
strength tests were performed after 28 days of maturation in the laboratory of Faculty of Civil 
Engineering at the Silesian University of Technology. 

The values of unconfined compressive strength for single jet grouting columns was at the 
range of 3.0÷7.0 MPa, and for double jet grouting columns at the range of 1.5÷3.0 MPa. 

 
 

 



 

14 

a) 

 

b) 

 
c) 

 

d) 

 

Fig.3: View of excavated jet grouting columns formed by: 
a) & b) single fluid system; c) & d) double fluid system (own photos) 

 
Fig.4: Samples of cement grout material taken from columns during injection process (own photo) 

In order to determine the real unconfined compressive strength of cement grout materials core 
samples of jet grouting columns were drilled. Diamond coring system Hilti DD500 was used. Core 
drilling bit of 1500 mm length and 110 mm of diameter was used. As a result samples of 100 mm 
diameter from 4.0 m depth were taken (Fig. 5). Unconfined compressive strength tests were 
performed in the laboratory of Faculty of Civil Engineering at the Silesian University of Technology. 
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Cylindrical samples of cement grout material were prepared with following dimensions: 200 x 100 
mm and 100 x 100 mm (Fig. 6). 

 
Fig.5: Core samples taken from jet grouting columns (own photo) 

Average value of unconfined compressive strength for single jet grouting columns was equal 
9.5 MPa (from 4.0 to 35.0 MPa), while average value of unconfined compressive strength for double 
jet grouting columns was equal 2.0 MPa (from 1.0 to 4.5 MPa). It should be noted that in many cases 
the samples had damages, loss and flaking that had an effect on the lower value of unconfined 
compressive strength. 

After studies, it was found that the greater impact on the value of the unconfined compressive 
strength of cement grout material have: 
- type of injection, 
- type of soil in which columns are formed, 
- the amount of cement grout pumped which depends on injection pressure and nozzles diameter. 

Research also shows that when the smaller value of rotation speed of the monitor and the 
larger columns diameters, the smaller value of unconfined compressive strength of cement grout 
material. 

a)  b)  c)  
Fig.6: The unconfined compressive strength tests of cement grout material: 

a) sample of single jet grouting column, 
b) & c) samples of double jet grouting columns (own photos) 
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 4 CONCLUSIONS 
The scientific research confirms that greater diameter of jet grouting columns are provided by 

using double fluid jet grouting system. The higher value of unconfined compressive strength is 
obtained for single fluid jet grouting system. 
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