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ABSTRACT 
 
In recent years the market for Mixed-In-Place soil mix techniques in the Netherlands has been growing 
rapidly. Initially the technique was used to create cut-off walls near river dikes and as a vibration free 
method to create retaining walls for building pits. Studies have been undertaken and projects are executed 
in order to strengthen the dike itself by the use of Mixed-In-Place techniques. In February 2012 Bauer 
Funderingstechniek started the construction of the first polder in the Netherlands with their approved 
Mixed-In-Place cut-off walls. This article explains the background of the use of this cost-effective and 
durable construction method and discusses how the challenging requirements from the client were 
fulfilled, both in design and execution. The quality assurance and quality control consisted of preliminary 
soil and mixture investigations, extensive measurements during construction and leakage detection 
through geophysical methods. The information is presented in 3 case histories, all subprojects of a large 
infrastructural project ‘Leeuwarden Vrij-Baan’ in the Netherlands.  
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INTRODUCTION 
 
The Netherlands have a worldwide reputation in creating their own country by reclaiming land from the 
sea. Since the 15th century the Dutch have been creating “polders”, areas of reclaimed land below sea 
level, surrounded by dykes and with a mechanically maintained water level. In the 20th century the use of 
artificial polders became an interesting construction method for creating underpasses below motorways 
and canals using watertight geomembranes to create an impermeable layer that separated the polder from 
its surroundings. These kinds of structures have one big disadvantage, they need a lot of space. The main 
idea of such a structure is that the upward water pressure under the geomembrane has to be in balance with 
the remaining soil on top of it. For this reason, the geomembrane has to be placed at a depth significantly 
deeper than the polder surface, depending on the hydraulic head in the aquifer. Slopes of 1:3 (1 vertical : 3 
horizontal) are most commonly used, resulting in very large open excavations and massive earthworks, 
even for relatively small underpasses. Special measures can be taken to reduce the spatial use with vertical 
limits, but these measures will increase the building costs (Gerritsen et al. 2014). 
 
In the period 2012 – 2014 a total of 6 underpasses in artificial polders have been created in the province of 
Friesland in the north of the Netherlands. Instead of a design with geomembranes, Mixed-in-Place 
techniques were used to create cut-off walls with low permeability. In combination with the local soil 
conditions, at a depth of approximately 11 to 17 meters there is a natural impermeable loam layer, 
“natural” polders have been constructed. 
 
THE PROJECT 
 
All 6 underpasses were constructed as part of the project “Haak om Leeuwarden”, part of a € 750 million 
program to improve the accessibility of the northern part of Friesland, the urban area of province capital 
Leeuwarden in particular. The program consists of over 12 kilometers of new highway (2 x 2 lanes), 3 
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aqueducts, 5 rail road crossings and nearly 20 kilometers of new local roads. In Fig. 1 a program overview 
is presented.  

Figure 1: Project overview and areal from 2011 (source Google Earth). The numbers 1 to 3 
correspond with the 3 case histories.   
 
GENERAL SOIL CONDITIONS 
 
At the locations of the underpasses soil investigations were carried out consisting of Cone Penetration 
Tests (CPT), borings and laboratory tests. A typical CPT-result is presented in Fig. 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Typical CPT result (case 1).   
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The upper 7 m below ground level (NAP* +0.5 m) consists mainly of clayey and silty sand deposits with a 
limited permeability in vertical direction. The groundwater table varies from NAP -0.5 m to NAP -1.3 m. 
Between 7 m and 12.5 m below ground level, a dense silty sand layer is encountered with a high 
permeability in all directions. The hydraulic head in this layer varies from NAP +0.2 m to NAP -0.6 m. 
The partly over-consolidated loam layer between 12.5 and 19.5 m has a very limited permeability and is 
applied in the design as a natural barrier against groundwater flow. Below this layer a very dense, high 
permeable sand layer is present with a water head that varies from NAP +0.2 m to NAP -0.6 m. 
 
The general design is presented in Fig. 3. The MIP cut-off walls (vertical red lines) function is to prevent 
water leakage from aquifers at minor depths, while the consolidated loam layer minimizes seepage from 
the deep aquifer.   

 
Figure 3: General design of the polders (case 1). The red vertical lines represent the MIP-walls   
 
BASIC PRINCIPLE OF MIXED-IN-PLACE 
 
The term 'Mixed-In-Place', (MIP), describes the process of mixing soil in-situ with binder. During the MIP 
process, the existing pores within the soil structure are filled with the binder slurry. The result of this 
process is a solidified continuous soil-cement panel. The shape of the soil-cement panel is defined by the 
geometry of the augers. 
 
Construction of a MIP panel is carried out by drilling a triple parallel continuous flight auger system 
mounted at the front leader of a heavy duty drilling rig to the required depth. To construct the cut-off wall, 
the triple counter rotating augers are drilled into the ground whilst binder slurry is simultaneously injected 
through the hollow stem of the central auger. On reaching the final elevation, the soil-binder mixture is 
homogenized by alternating rotation of the individual augers and concurrent upward and downward 
movement of the entire auger assembly.  
To ensure the construction of a continuous wall, free of joints, individual panels are constructed in 
alternating sequences of overlapping primary and secondary panels, followed by a remixed panel. The 
width of primary panels for the 0.55 m augers is 1.70 m, that of the secondary panels is 1.20 m.  
 
The construction sequence is characterized by additional re-working of the overlaps between primary and 
secondary panels, see Fig. 4. This ensures that each section is penetrated and reworked twice by the triple 
counter-rotating auger unit. Due to this “wet into wet” construction sequence the constructed wall will be 
virtually without gaps or joints. 
 
* NAP = Dutch ordnance datum, Normaal Amsterdams Peil (sea level) 
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Figure 4: Construction sequence panels for mixed-in-place walls (MIP)   
 
All relevant production parameters required for Quality Assurance (QA) purposes such as drilling depth, 
volume of slurry placed, rate of flow, auger speed and time of installation, are automatically being 
recorded as time-dependent relationships with the so-called B-Tronic- System installed inside the rig 
operator's cabin. In addition, the position of the base of each individual panel was surveyed by an 
integrated verticality measuring device in both outer augers and displayed online for the rig operator. 
 
Prior to the start of the actual works an extended feasibility study is performed with samples of the local 
soils. Different soil layers are put together and mixed with the cement slurry to investigate the right 
mixture, which is tested on permeability and compressive strength. Based on this study the site specific in-
situ mix recipe is selected. 
 
SYNTHETIC LINER IN MIP CUT-OFF WALL 
 
At the Margaretha Zelle (aka Mata Hari) aqueduct (case history 2), the Client required the installation of an 
additional synthetic liner over the full height of the cut-off walls for the deepest compartments of the 
polder. The liner was meant to provide additional security on the permeability and durability requirements. 
A  Geolock 2 mm liner is applied with welded HDPE extruded locking construction. This locking 
construction guarantees optimum waterproofing.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Installation process 
of the HDPE-liner in wet 
soilmix material 
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Specifications 
• MIP cut-off walls:  
• Type: Bauer triple MIP system with cement 150 kg/m3 MIP   
• Dimensions: 0.55 m x 18 m (thickness x depth) 
• Equipment: BAUER RG 25 
• Synthetic liner:  

• Type: Geolock HDPE liner with  locking construction 
• Dimensions: liner panels 2 mm x 18 m x 2.5 m (thickness x depth x length) 
• Equipment: service crane equipped with vibrator, PVE 2316 VM and steel installation plate (22 m x 

2.5 m (depth x length)) and installation guide frame  
 
Installation process 
In order to construct a MIP cut-off with an additional synthetic liner, the cooperation and planning between 
MIP installation team and liner installation team is critical and the installation process needs tight 
coordination. 
1. MIP cut-off wall installation:  
Starting the installation sequence with mixing a maximum of 12.5 m length of MIP cut-off wall. Limited 
“open” MIP trench is required as the liner has to be installed in a low viscosity MIP wall, otherwise the 
installation of the liner down to the toe of the MIP wall encounters complications. Experience on the WIW 
project in Leeuwarden showed a maximum window between constructing the MIP wall and installing the 
liner of four hours (=time to install 5 liners of 2.5 m). 
2. Position the service crane for liner installation  
Position the service crane along the fresh MIP wall trench. 
3. Position the liner guide frame at the central axis of the MIP wall and liner location 

 
Figure 6: Installation of the liner, position of the guide frame 
   
4. Position the liner installation tool 
Position the liner installation tool, also called ‘shoe spoon’, attached to a vibrator hammer in the guide 
frame.  
5. Pre-run shoe spoon and connect the liner to the shoe spoon 
Prior to the liner installation, the fresh MIP wall is checked on MIP suspension viscosity. Low viscosity of 
the suspension is required to install the liner successful in the wall. Check is performed by two pre-runs of 
the shoe-spoon to liner target penetration. After successful pre-runs, the liner end is folded around the tip of 
the shoe spoon. Bending the metal liner-end around shoe spoon tip ensures proper attachment of the liner 
to the shoe spoon during installation.  
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6. Install liner into the MIP wall 
Shoe spoon and liner sink by its self-weight penetration into the MIP wall.  
7. Vibrate liner into the impermeable bottom layer 
After the self-weight penetration, the liner is vibrated further and approximately 0.3 m into the soil layer 
below the MIP wall to gain friction resistance for the retrieval of the shoe spoon. After reaching final 
penetration the lockjaw of the shoe spoon is opened to prevent a possible vacuum between the ‘shoe spoon’ 
and the liner.  
8. Retrieve the ‘shoe spoon’ 
9. Position the shoe spoon for subsequent liner installation 
10. Connect subsequent and previous installed liner 
 The subsequent and previous liners are connected by a watertight lock. The lock consists of female – male 
connection and contains a neoprene swelling cord. The cord swells by water contact. To prevent it from 
getting stuck during installation the cord is lubricated.  
 

      
 
Figure 7: Close-up HDPE-Liner installed in soilmix, including swelling cord in the interlocking 
 
11. Subsequent liner installation 
After the next pre-runs, the subsequent liner will be installed into the MIP wall, guided precisely and 
closely watched previous liner. Liner guiding is performed with an installation frame as shown on the 
picture. This frame contains a lockjaw to keep the previous liner fixed in order to prepare a proper 
connection.    
 

Figure 8: Installation of the HDPE-liner in the soilmix wall 
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12. Subsequent liner installation MIP production progress 
The time between constructing the MIP wall and installing the liner is limited to four hours. In case of over 
running this time-window the MIP wall needs re-mixing. Re-mixing is not only time consuming, it could 
also introduce new imperfections.  
 
CASE HISTORY 1: NORTH WEST TANGENT 
 
The project details were to design and build a 2-lane motorway with a length of approximately 7 km, a 
viaduct and 4 underpasses just northwest of Friesland’s capital Leeuwarden. The motorway, which is also 
known as the North West Tangent (NWT), should be suitable for a speed of 80 km/hour and should be 
constructed in a safe and durable manner.  
 
The NWT project is a Design and Construct contract. The contractor was asked to make a preliminary 
design based on functional requirements specified by the client. For the artificial polders the most 
important requirement to meet is the very small amount of brackish water that is allowed to be pumped out 
of the polder once the construction is completed. For the 3 main polders this amount of water is limited to 
10 m3/day. The excavation for the deepest underpass, (KW2), is 4 m below ground level and 3 m below 
the ground water table. A cross-section of the road and the general soil conditions are presented in Fig. 2 
and 3. 
 
In order to meet the requirements of the client, it was necessary to investigate the permeability of the loam 
layer in the laboratory. For KW2 a total of 8 falling head tests were carried out resulting in an average 
resistance against groundwater flow of 2,600 day/m for the loam layer. For a polder area of almost  
6,500 m2 the resulting water seepage is 3.5 m3/day. Since the requirements limited the total amount of 
water seepage to 10 m3/day, this leaves 6.5 m3/day of allowable seepage through the cut-off wall. 
Therefore the permeability requirements for this cut-off wall were set to a maximum of 1.10-9 m/s. In order 
to construct a permanent cut-off wall with an 80 years life-time, the minimum strength of the Mixed-In-
Place cut-off wall has to be at least 0.35 MPa to prevent erosion.   
 
Construction of the MIP walls at the NWT project Leeuwarden was carried out with a drilling rig of type 
LRB255. This rig is able to install wall depth down to 18.5 m. with a diameter of the augers of 0.55 m.  
The project specific QA system consists, besides recording all relevant installation parameters, in taking 
samples out of the fresh soil-cement body and performing compressive strength and permeability tests 
after 28 and/or 56 days. The specific test program for this project is set at extraordinary high testing 
intervals to guarantee the strict permeability requirements. The tests performed on MIP wall samples 
showed permeability and compressive strength results, which were well within the specified requirements. 
To obtain the required wall strength parameters, no additional reinforcement is applied in this project.  
 
Execution started in the beginning of February 2012 and was finished in June 2012. Over 27,000 m2 of 
MIP cut-off wall with an average production of 300 m2/day, were installed. The slurry mixture that was 
used contained app. 870 liters of water, app. 360 kg of cement (CEM III/B 42.5) and app. 20 kg of 
bentonite (Cebogel OCMA). Resulting in app. 150 kg of cement per m3 MIP. 
 
Table 1. Test results of samples tested at 28 and 56 days (29 UCS tests and 99 permeability tests) 
 

 

 
 

Unity Lower bound Upper bound 
 

Average 
 

Unit weight 
 

kN/m3 16.31 18.09
 

16.98 
UCS MPa 1.88 3.96 2.68 
Elastic Modulus MPa 325 1,384 700 
Permeability m/s 3.73 e-10 1.57 e-11 4.13 e-11 
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CASE HISTORY 2: MARGARETHA ZELLE AQUEDUCT 
 
Part of the infrastructural program near Leeuwarden is the realization of a large aqueduct called 
Margaretha Zelle (aka Mata Hari). At the crossing with the Van Harinxma Canal an aqueduct is 
constructed with an underground road construction over a length of about 600 meter. Based on the 
architectural design the entrance ramps on the western bank should be experienced as spatial, open and 
green by future road users. In the preliminary design a large submerged geomembrane was designed to 
meet these requirements. After extensive soil investigations a natural loam layer at about 15 meters below 
the surface level was detected and found suitable for creating an artificial polder-construction. The 
principle cross-section of placing the cut-off wall in the natural sealing loam layer is given in figure 9.  

 
Figure 9. Principal cross-section of placing cut-off soil mix-walls in the horizontal sealing layer 
 
With an advanced geophysical detection method (EFT/CRG) the appearance and fluctuations of the loam 
layer were measured and mapped. With this method a spot of weak zones in de loam layer was detected. 
To ensure the feasibility of using the loam layer for horizontal sealing a specialized geotechnical soil 
investigation was carried out, focused on the assumed weak zones. With the results of field and 
laboratory testing, detailed evaluations were made between cone penetration tests, borehole logs and test 
results (see figure 10). Based on the investigation the natural loam layer with a thickness varying between 
2-5 meters was found suitable for horizontal sealing of the polder-construction. However to ensure risks 
with local leakage through the loam layer, mitigating measures were defined in the contract to treat 
leakage through the horizontal sealing by jetgrouting. After carrying out a pumping test in the 
compartment with assumed weak zones in which the flow rates of groundwater did not show an increase, 
it was decided that additional measures (jet grouting) in the weak zone were not necessary. 
 
The water intake in the polder-construction can be distinquished in three parts; precipation on the surface 
in the polder (vertical), leakage through the cut off walls (horizontal), and seepage through the sealing 
loam layer (vertical). The groundwater found in the area is saline from 4 meters below surface level and 
does not meet requirements for flushing it permanently in open (fresh) water. Therefore it is neceassary to 
reduce the discharge of saline groundwater to a minimum. To reduce the seepage in the polder-
construction the outer walls were intended as cut-off walls with a double water stop. Also the polder-
construction was devided into five compartments with four differential water levels. The polder water-
level is increasing with the road alignement, having a minimum drainage depth to the road structure of 1-
1.5 meter. With differential water levels over the compartments the water pressure over the cut off walls 
and sealing loam layer is reduced. By reducing the water pressure also the seepage is reduced. To reduce 
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the amount of water a sophisticated design is made by separating the flux of fresh water (precipitation) by 
a large system with gravel drains. The saline flux is collected in the deepest compartment with a 
separated system and pumped oxygen free to a deep well injection in the aquifer with a depth of 20-30 m 
below surface in the neighbourhood. 

 
Figure 10. Evaluation distinguished weak-zones in the natural impermeable loam layer 
 
In the design stage it was determined that the polder-construction should be constructed as hybrid cut-off 
walls with a double water stop. For the design stage calculations have been made with a geotechnical 
finite-element-program (Plaxis). This finite element program is suitable for modeling soil-construction 
interaction. In the program all construction stages can be modeled, with input of soil characteristics, water 
pressures, excavations and back-fill stages, and parameters of the cut-off wall. The cut-off wall was 
modeled as volume-elements with a range of estimated lower bound, upper bound and expected average 
values. Based on this study the wall behavior and deformations based on the water loads were predicted 
(see figure 11 and 12).  
 

 
Figure 11.  Design of the cut-off wall in a 

finite-element-program (Plaxis) 
Figure 12.  Calculated wall displacement in the 

subsequently construction stages 
 
The walls were predesigned in the contract as cement-bentonite walls with installation of a vertical 
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Based on the wet grab samples an intensive laboratory testing program was scheduled. This program 
comprised 240x unconfined compression strength (UCS), 240x permeability (Falling Head tests) and 
480x unit weight. With these tests data evaluation have been carried out to ensure the properties of the 
soil mix material meet the contract specification, knowing a UCS-strength of 1.0 MPa and a permeability 
of 1.0 x 10-9 m/sec. In figure 15 the full data set is given with the relation between UCS-strength and 
permeability. Also the contract specification boundaries are shown in red lines. From this figure a 
correlation can be found by aging time of the sample groups tested at 7, 14, 21, 28 and 56 days (colored 
blue to brown). The samples tested after 7 days do not meet the requirements, but after 21 to 56 days the 
values widely meet the requirements within a confidence interval of 95%.  
 
In figure 16 the full data set is given with the relation of time dependent development of unconfined 
compression strength. Common practice is to evaluate the compression strength at 28 days to the 
requirements. From the Figure, it can be concluded that at the 28 days interval all samples meet the 
requirement (100% > 1.0 MPa), with an average of around 1.7 MPa. However the average strength show 
an increase up to 2.4 MPa at the interval at 56 days. This means a factor of about 1.4 increase between 
test-results at 28 and 56 days. The range of test results is listed in table 2. Further information about 
soilmix parameters and evaluations of site testing can be found in publications by Denies, et al. (2012) 
and Topolnicki (2004). 
 
Table 2. Test results of samples tested at 28 and 56 days (94 UCS tests and 94 permeability 
tests) 
 

 

 
 

Unity Lower bound Upper bound 
 

Average 

 

Unit weight 
 

kN/m3 15.40 18.10
 

16.70 
UCS MPa 1.1 2.9 2.0 
Elastic Modulus MPa 100 854 439 
Permeability m/s 4.0 e-9 2.10 e-11 2.0 e-10 

 
To evaluate and prove a homogeneous mixing process to depth normally triple core techniques are used 
(Denies et al. 2012). The disadvantages of this technique are that drilling in cured soilmix walls is time 
consuming, expensive and risks occur in harming the integrity of the soilmix wall (cracking, punch 
fractures, etc.). For the project it was alternatively proposed to install a double cased liner-system to 16 
meters below the top of the soil mix walls (see figure 17). The double liner system comprise an outer 
steel casing and an inner PVC-tubing. The prefabricated liners were installed in 1 segment by a crane in 
a wall segment directly after mixing. Wet soil mix material is flowing into the liner through the opening 
with sectorial teeth at the bottom, by slowly lowering the tubing with the crane. After a curing time of 
28 days on site the inner PVC-liners were retrieved with a crane, and cut into segments of 1 meter. In 
the project were a total of 8 liners with 16 meter length were successfully retrieved from the soilmix 
wall. 1 liner was broken at 4-5 meter during the retrieving process, likely with soil mix spoil cured 
between the inner and outer tubes. The successful retrieved segments were sealed and transported to 
geotechnical laboratory (see figure 18).  
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Figure 17.  Installed liner in the soil mix wall 

with a double cased liner-system 
to 16 meter below surface 

Figure 18.  Overview of 1 m cut liner samples 
of soil mix to be classified in the 
geotechnical laboratory 

 
In the laboratory the liner-segments were opened and the samples were inspected on the outer surface 
for homogeneity and digitally photographed with rulers. With 128 running meter samples around 5-10 
inhomogeneous spots were identified, existing of some recognizably peat, loam or sand. All spots 
identified had dimensions ≤ 0.1 m and no spot was covering the full cross area of the liner. Based on the 
liner samples available it can be concluded that the mixing method with the triple auger system has 
resulted in homogeneous material over the full height of the wall. The homogeneous material over the 
wall depth can be explained by the soil circulation over the full wall panel during the mixing process 
(see also paragraph above on mixing method). Mixing the soil over the full depth is essential in 
situations of  heterogeneous soil layers. This situation of intermediate layers of soft clay, sand, loam can 
be found in the region of Leeuwarden but also at a lot of delta-areas worldwide. 
 
CASE HISTORY 3: UNDERPASSES 90 AND 173 HEAK SUD 
 
The project “Heak Sud” is the most southern part of “De Haak”. In this subproject two underpasses were 
constructed with MIP-walls. The MIP walls were executed in the period of early 2013 (173) and early 2014 
(90). Over 17,200 m2 of MIP cut-off wall was mixed with an average production of 320 m2/day 
The range of test results is listed in table 3. 
 
Table 3. Test results of samples tested at 28 and 56 days (14 UCS tests and 24 permeability tests) 
 

 

 
 

Unity Lower bound Upper bound 
 

Average 
 

Unit weight 
 

kN/m3 15.17 17.59
 

16.01 
UCS MPa 1.30 2.45 1.95 
Elastic Modulus MPa 267 751 489.5 
Permeability m/s 7.04 e-10 1.15 e-11 1.74 e-10 

 
For the design stage calculations have been made with Plaxis. All construction stages were modeled, with 
input of soil characteristics, water pressures, excavations and back-fill stages, and parameters of the MIP 
wall. The MIP wall was modeled as volume-elements with a range of estimated lower bound, upper 
bound and expected average values. Based on this study the wall behavior and deformations based on the 
water loads were predicted for several cross-sections, see figure 19.  
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For all cross-sections it was concluded that the actual deformations of the MIP wall seemed to be a bit 
less (20 %) than the calculated deformations. However it must be mentioned that the measurements have 
been carried out during construction and it is likely that there will be time depending effects that will 
cause a further increase in deformation. It can be concluded however that the Plaxis calculations are 
accurate enough to present a reliable prediction of the deformations that can be expected with the MIP 
technique. These deformations do not influence the long term functionality of the MIP-wall. 
 
SUMMARY AND CONCLUSIONS 
 
The application of cut-off walls with the MIP techniques to create artificial polders is being applied in 
several major projects in the Netherlands. The MIP technique offers a technical, ecological and  cost-
effective alternative to conventional cut-off and retaining walls. Mixing the soil over the full depth is 
essential in situations of  heterogeneous soil layers. This situation of intermediate layers of soft clay, sand, 
loam can be found in the region of Leeuwarden but also at a lot of delta-areas worldwide. To ensure a 
high-quality polder construction the focus should be on a feasible design, smart detailing of connections to 
other structures, a suitable mixing method for specific soil conditions and quality control. 
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