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Abstract 

Bimsoils (block-in-matrix soils), materials made up of rock blocks embedded in a soil matrix, are frequently found 

around the world. As a consequence, engineered structures have to consider it. Such material is common in the 

narrow valley and hillsides where the city of Medellin, Colombia, is located. So, at this location and for the design 

of many foundations, slopes, embankments, and excavations, the quantification of its mechanical properties is 

required. Previous research by others has shown that its shear strength depends both on the matrix and blocks 

content. However, the presence of coarse and fine particles makes representative samples for lab testing difficult to 

obtain because of the large sample size required. Also, the large size equipment required for testing is commonly not 

available.  

This article presents the in situ measurement of the mechanical properties of bimsoils using the Hydraulic Cylinder 

Test (HCT). The test consists of the application of pressure to a plate resting on the walls of a trench until ground 

fails. For load application, a hydraulic cylinder is used. During the test, load and deformation are registered. The 

strength parameters of the soil are calculated back analyzing test results.  

Results of the performed tests correlate quite well with published data and with preliminary results of a research 

project underway at the National University of Colombia, Medellin campus, oriented to characterize geomaterials 

existing in the area. 
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1 INTRODUCTION 

Geomaterials formed by a mixture of rock 
blocks, of various sizes and shapes, and a matrix of 
fine and/or sandy soil (as shown in Figure 1) are 
common in nature. For example, the city of 
Medellín is located in a canyon about 800 m deep 
bounded by low to medium steep slopes. The place 
is drained by the Medellín River, and smaller 
tributary streams running perpendicular to it. Due 
to such arrangement, colluvium deposits of 
different dimensions exist along the hillsides of the 
canyon, and terraces and other alluvial deposits are 
found along water streams. Different percentages 
of coarse and fine particles are present in the above-
mentioned soil deposits. As a consequence, the 
design of slopes, excavations, foundations, and so 
forth requires the knowledge of soil strength 
parameters. 

These geomaterials are characterized by 
exhibiting a strong contrast in resistance between 
the blocks (high resistance) and the matrix (low 
resistance). Some authors have used the term 
bimsoil or bimrock to define such material 
mixtures (Medley E., 2008; Kalender et al, 2014). 
If the matrix is soil, the first term is used; whereas, 
if it's a weaker rock, the second. 

Figure 1. Soil deposit formed by a mix of rock blocks and 
finer soil particles. 

 

Due to the aforementioned characteristics of the 
soil-rock mixtures, the geotechnical 
characterization of them is a task of high 
complexity and difficulty (Medley & Lindquist, 
1995). For these materials, conventional in situ 
tests such as standard penetration, cone penetration, 
and vane shear cannot be applied whereas 
dilatometer and pressuremeter testing yield 
unreliable results.  

To carry out triaxial and direct shear laboratory 
tests, representative samples must be large and 
therefore require large size testing equipment, very 

frequently not available. To be considered 
representative, the size of the sample must be at 
least 6 to 10 times the maximum particle size of the 
soil to be tested. Taking good quality samples of 
the required size is a very difficult task. 

As a consequence of the difficulties in carrying 
out laboratory and in situ geotechnical testing of the 
described material, engineers have worked in 
alternative testing procedures of which, the HCT 
test is one of them.  

 

2 BACKGROUND 

The word bimrock (an acronym for "block in 
matrix rocks"), is used to designate "a mixture of 
rocks, composed of a geotechnically significant 
number of blocks within a finer texture matrix". 
The term suggests that the amount, size, volume 
and contrast of resistance between the blocks and 
the matrix is such that they influence the properties 
of the material, at the scale of interest (Medley, 
2008). 

Within the bimrocks two large groups are 
identified, namely welded and not welded matrix. 
For the former, the matrix is welded, cemented, or 
lithified. For the latest, the matrix is not welded, 
that is, it is soil. Materials in the second group are 
called bimsoils by some authors (Kalender et al, 
2014). This paper will focus on bimsoils and the 
measurement of their mechanical properties. 

 

2.1 Characterization of bimsoils 

Bimsoils are materials that exhibit very large 
variability, both lithological and mechanical. 
Sometimes engineers erroneously assumed that 
design could be based on either rock blocks or 
matrix properties, a consideration that might 
introduce large errors in design (Medley, 2008). 
Figure 2 shows how failure surface goes around 
rock blocks, increasing the length of the failure 
surface and therefore the strength of the material. 

Edmund & Dimitrios (2011), proposed the 
contrast of resistance between blocks and matrix, 
as indicated by Equations (1), (2) and (3), which if 
met, ensure that the failure surface will develop in 
the matrix and dodging the blocks, as shown in 
Figure 2. 

 

Blocks 



SCG-XIII INTERNATIONAL SYMPOSIUM ON LANDSLIDES. CARTAGENA, COLOMBIA- JUNE 15th-19th-2020 

 

Figure 2. Influence of block content on the form and length 
of failure surfaces in artificial samples failed in triaxial 
compression tests. (Medley, 2008) 

 EblockEmatrix   ̴2,0       (1) tan φweakest blocktan φmatrix   > 1,5-2,0    (2) UCSblocksUCSmatrix   > 1,5     (3) 

 

For lower values of resistance ratios, there will 
be the possibility that the failure surface passes 
through the blocks and not around them.  

 

2.1.1 Determination of shear strength parameters 
of bimsoils 

To establish shear resistance parameters, 
researchers have implemented large tests, either in 
the field or laboratory. Most research has sought to 
determine the influence of the volumetric 
proportion of blocks, on the bims shearing 
resistance. 

Figure 3. “Bimtest”, (Coli et al, 2009). 

Coli et al (2010), devised a large unconventional 
in situ test, which was named "bimtest". In the test, 
the load is applied to a plate placed on the ground, 
generating a free failure surface. The test allows the 
characteristic tortuousness of the failure surface in 
bims to develop and be observed (see Figure 3).  

Xu, et al (2011), carried out large direct shear 
tests on remolded material (See Figure 4). The 
samples were prepared with the proportion of 
blocks and matrix characteristics of the original 
material.  

Figure 4. Large in situ shear test. (Xu et al, 2011). 

 

Nanclares (2018), investigated the shear 
resistance of coarse grain alluvial soils carrying out 
large direct shear and triaxial tests both in situ and 
in the lab, as shown in Figure 5. 

Figure 5. Direct shear (left) and triaxial (right) apparatus. 

Nanclares, 2018. 

 

2.2 HCT in-situ test 

The HCT test has been used in geotechnical 
engineering for the measurement of deformation 
properties of both soil and rock mass. González et 
al, (2013), proposed the same test to establish 
bimsoils parameters. 

The principle that follows the proposed method 
is to carry out a back analysis of the test results 
(load and deformation of the soil) at failure to 
estimate strength parameters.   

The test offers multiple advantages, including its 
easiness of implementation, as compared to other 
in-situ tests. In addition to equipment, which is 
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commonly available, the test only requires the 
excavation of a trench (González et al, 2013). 

One more advantage of the test is that since 
different plate sizes can be used to transmit the load 
to the ground, the test has no scale restrictions. 

 

3 EQUIPMENT 

The components of the test equipment used for 
the test are as follows: 

A. Cylinder to apply load to the ground. For this 
study, a double-action hydraulic cylinder was 
used. The cylinder maximum force capacity 
was 1995 kN and was driven with a manual 
hydraulic pump.  

B. Pump to operate the hydraulic cylinder. A 
manual pump equipped with flow control 
valves was used. 

C. Pressure gauges. Pressure gauges of different 
capacities were available for the test. 

D. Hinge joint. The hinge joint was used to apply 
the load normal to the load plate. 

E. Steel load plates. Stiff plates were used for both 
load and reaction forces. The reaction plate was 
45.5 cm in diameter whereas the plate load was 
25.0 cm in diameter. Both plates were 2.54 cm 
thick. 

F. Extensometers. They were used for 
deformation measurement. For the test, manual 
extensometers with a sensitivity of 0.01 mm 
and 5 cm maximum travel were used. 

Figure 6. Equipment arrangement. 

 

4 TEST PROCEDURE 

Testing was carried out at two sites. At each one 
of them, a rectangular 0.8 m wide and 0.7 m deep 
trench was dug. Several tests were carried out in 
each trench as its length allowed. For the test, the 

equipment was positioned normal to the trench 
axis. Once the cylinder was in position, load and 
reaction plates were placed. The hinge joint was 
placed in contact with the load plate so that the 
applied load was orthogonal to the trench wall. 

At this point, pump high-pressure hoses were 
connected to the cylinder, which was actioned until 
the piston made contact with the plate. Testing 
started at that moment. Subsequently, the pressure 
was gradually applied to the ground and both, load 
and displacements, were measured. The pressure 
was continuously increased until soil failure was 
reached. At failure, deformation drastically 
increased while the applied load rapidly dropped. 

Recorded load and deformation data allowed 
construction of the stress-deformation curve. Back 
analysis of the stress-deformation curve allowed 
for the estimation of the peak and residual strength 
parameters of the material found at the site. 2D or 
3D models were implemented to represent soil 
behavior and geometric conditions of the test 
(dimensions and depth of the trench and position of 
the equipment within it) and stratigraphy.  

5 TEST SITES 

Two different sites were selected for the tests, 
one in a nearly flat surface and the other one in a 
gentle hillside. In the first one, where alluvial soil 
was supposed to exist, an artificial fill was found. 
For the second testing site, a colluvial deposit was 
selected. The first site was located in Envigado, 
Sector of Sofasa (geographical coordinates 
6°10'21.92"N – 75°35'54.39"W – See Figure 7). 

Figure 7. Envigado site – Envigado (Antioquia). 

 

The second testing sited is located at Finca Las 
Mercedes, Facultad de Minas, National University 
of Colombia, Medellín campus (geographical 
coordinates 6°16'33.66"N – 75°35'32.05"W – See 
Figure 8). 
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Figure 8. Finca Las Mercedes site – Facultad de Minas, 

Medellín (Antioquia). 

 

6 RESULTS 

In total, five (5) HCT tests were carried out, three 
of them in the Envigado site, and the remaining two 
in the Finca Las Mercedes site. The maximum 
particle size at Envigado site was 15cm and most 
of the coarse particles were alluvial in origin, soft 
to hard, sub-rounded to rounded whereas at Las 
Mercedes the maximum particle size was 20cm, 
and the coarse particles were sub-angular to 
angular, moderately weather to fresh, soft to hard 
(see Figure 9). 

Figure 9. Example of soil particle sizes. Left, Envigado 

site. Right, Finca Las Mercedes site. 

 

Figure 10 presents the grain size distribution of 
the samples taken from the Envigado and Finca Las 
Mercedes sites. In the curves, it can be seen that 
fines content for the former (less than 5%) was 
lower than for the latest (between 40% and 60%).  

 

 

Figure 10. Grain size distribution of samples recollected. 

Top, Envigado site. Bottom, Finca Las Mercedes site. 

 

Stress - Deformation curves for each test carried 
out are presented in Figure 11. For the Envigado 
site maximum applied stress at failure varied 
between 310 kPa and 224 kPa, whereas for Finca 
Las Mercedes site maximum applied stresses at 
failure were 124 kPa and 93 kPa. 

Figure 11. Stress – Deformation curves, Envigado site 

(top), and Finca Las Mercedes (bottom). 

 

Shear strength and stiffness parameters were 
back-calculated from the stress – deformation 
curves using Plaxis 3D finite element (FEM) 
foundation module. Basically, an iterative process 
was followed in which initial data entered into the 
model was varied until the stress-deformation 
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curve obtained in the field tests were closely 
represented by the computer program. In the FEM 
model was implemented the Mohr-Coulomb 
constitutive model. The results are presented in 
Figure 12 whereas test stress-deformation curves as 
compared to Plaxis generated curves are presented 
in Figure 13; strength and stiffness parameters 
required to obtained the Plaxis curves are presented 
in Table 1. 

Figure 12. Plaxis deformation model (Plaxis B.V., 2004). 

 

 

  

 

  

Figure 13. Comparison of the in situ stress-deformation 

and Plaxis curves. Envigado site: Test 1 (top left), Test 2 (Top 

right), Test 3 (middle); Finca Las Mercedes site: Test 1 

(bottom left) and Test 2 (bottom right). 

 

Table 1.  Strength and stiffness parameters obtained from 
Plaxis models. 

Site 
Sample 

N° 

φ 

(°) 

c' 

(kPa) 

E 

(kPa) 
ν 

ψ 
(°) 

Envigado 

(Sofasa) 

1 35 4.3 1600 0.32 0 

2 36 5.6 2000 0.36 0 

3 35.5 4.1 1600 0.30 0 

Finca Las 

Mercedes 

1 26.5 3 150 0.32 0 

2 30 2.7 300 0.30 0 

 

Field tests helped corroborate one of the 
principles of bims, which is that the blocks generate 
a tortuousness on the fault surface, which is 
reflected in an increase in shear resistance (see 
Figure 13). 

At each test location, it could be seen that the 
failure surface was very tortuous and followed 
matrix-block contact (see Figure 13) causing an 
increase in shear resistance. 

Figure 13. Tortuosity of failure surfaces around the load 

plate. 

 

7 CONCLUSIONS 

From the HCT tests carried out, it is concluded 
that soil at the studied sites has effective cohesion 
values ranging from 2.7 kPa to 5.6 kPa. On the 
other hand, the angle of friction ranges from 26.5 o 
to 36 degrees. Betancur et al, paper in preparation, 
shows that these values are similar to results 
obtained from large lab tests in soils with similar 
rock block content. It could be visually confirmed 
as well that friction angle increase as the number of 
blocks increases. 

It is concluded that the HCT test allows 
establishing strength and stiffness parameters for 
soils of difficult characterization, such as soils 
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made up of blocks embedded in soil matrix 
(bimsoils). 

A disadvantage for the HCT test is the fact that 
soil parameters are obtained from a back analysis, 
so several solutions can be obtained. Care should 
be taken to measure some parameters from other 
tests, so that stiffness and strength parameters 
obtained from the HCT test are in a narrow range, 
closer to the correct value. 
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