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1 INTRODUCTION 

Pressuremeter Menard test (PMT) is a common in-situ 
test used for site investigation. It has the advantages of 
simplicity and if it done properly, geotechnical param-
eters obtained from this test can be precised. It is al-
most full scale loading of soils during testing and it is 
applicable for most soil types and soft rocks (Chiang 
and Ho, 1980). 

Different studies about pressuremeter tests are pre-
sented in the last years. Typical Young modulus val-
ues that determined by pressuremeter for Mercia Mud-
stone are between 100 and 1200MPa (Cripps and 
Taylor, 1981). PMT were used by many researchers 
for hard soils and soft rocks as Marsland,  and Powell 
(1990), Clarke and Allen (1989) Isik, et al. (2008).

Leach et al. (1976) reported in-situ pressuremeter 
Menard tests on Mercia Mudstone from Kilroot that 
gave undrained shear strength values up to 230% 
higher than values obtained from triaxial tests on sam-
ples from the same depth and the overall mean value 
was slightly more than double. Similar results were 
obtained for comparative elastic modulus obtained 
from pressuremeter, plate loading, and oedometer tests 
(Meigh, 1976). These showed that pressuremeter re-
sults were highly variable but generally much higher 
than triaxial and oedometer results. Also correlations 
based on many PMT tests performed at different sites 
in clay along with other measured soil parameters 
were presented by Briaud (2013). These correlations 
exhibit significant scatter and should be used with 
caution. 

Nevertheless they are very useful in preliminary 
calculations and for estimate purposes. Table 1 gives 
the range of expected PMT limit pressure (PL) and 
elastic modulus (E0) in various soils.

Table 1. Expected values of E0 and PL in soils (Briaud, 2013)

Clay

Soil 

Strength
Soft Medium Stiff Very Stiff Hard

PL (kPa) 0-200 200-400 400-800 800-1600 >1600

E0 (MPa) 0-2.5 2.5-5.0 5.0-12.0 12.0-25.0 >25.0

Sand

Soil 

Strength
Loose Compact Dense Very Dense

PL (kPa) 0-500 500-1500 1500-2500 >2500

E0 (MPa) 0-3.5 3.5-12 12-22.5 >22.5

The aim of this study is analysis the results of PMT 
tests carried out on hard soils and soft rocks in the Ar-
ak Aluminum Plant site, located in the north of Arak, 
Iran (Figure 1) with 49.9258E degree and 34.1656N 
degree.

2 PRESSUREMETER TEST THEORY 

The pressuremeter is a cylindrical device that may be 
expanded against the walls of a borehole. There are 
broadly three types of pressuremeter, the self-boring 
type (e.g. ‘Camkometer’), the push-in type (e.g. the 
Building Research Establishment’s ‘PIP’), and the 
original type which required a pre-formed borehole 
(e.g. ‘Menard pressuremeter’) (Mair and Wood, 1987). 

.

.

.

Pressuremeter tests in the hard soils and soft rocks of Arak Aluminum 
Plant site, Iran 

E. Asghari-Kaljahi 
Department of Earth Sciences, University of Tabriz, Tabriz, Iran

Z. Khalili 
P.O. Rahvar Consulting Engineers Company, Tehran, Iran 

S. Yasrobi 
Faculty of Civil Engineering, University of Tarbiat Modarres, Tehran, Iran

.

.

.

ABSTRACT: The Arak Aluminum Plant site is located in the east of Meyghan Lake in the central zone of
Iran. Generally, the underground layers consist of cohesive fine-grained soils at the top and weak rock layers 
at the bottom. From top to bottom, after silty clay layers, there are hard soils or weak rock layers with classifi-
cation of Claystone and Marlstone. The depth of rock layers varies between 6 and 12 m. The dry unit weights 
of these layers are between 14 and 18 kN/m3. The uniaxial compression strength of them varies between 0.1 
and 1.2 MPa. For evaluating of deformation modulus and stress-strain behavior of these very weak rocks more 
than 70 Pressuremeter Menard test (PMT) were conducted in boreholes up to depth 30m. According to test re-
sults, PMT Modulus of hard soil and weak rock layers of this plant site vary in the range of 17 to 85 MPa. The 
limit pressure (PL) of PMT tests varies between 1 and 7.7MPa.
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These are all able to measure undrained strength and 
deformability simultaneously, and to determine hori-
zontal stress (Clough et al., 1990). The method has 
been hampered by difficulties in interpretation due to 
complex boundary conditions, disturbance when cut-
ting the hole, and the bias toward measurement of 
properties in a horizontal direction. 

 
Figure 1. The vicinity of Arak Aluminum Plant 

 
Pressuremeter test measures the strength and the 

deformability of soil and weak rock. The test also es-
timates the deformation modulus and shear modulus. 
The analysis is based on undrained parameters for co-
hesive soil and drained parameters for granular soil. 
The Menard probe which has been used in this re-
search contains three flexible rubber membranes. The 
middle membrane provides measurements, while the 
outer two cells, the “guard cells,” protect the measur-
ing cell. The pressure in all cells is incrementally in-
creased or decreased by the same amount. The meas-
ured volume change in the middle membrane is 
plotted against applied pressure. A typical curve is 
shown in Figure 2. There are three phases of the de-
formation curve: (1) the re-establishing phase, from 
the origin to point A; (2) the pseudo-elastic phase, 
from point A to point B; and (3) the plastic phase, 
from point B to point C. After the borehole is drilled 
and the augers are withdrawn, the borehole walls re-
lax, thus reducing the cavity volume. As the PMT 
probe is initially inflated, the walls of the borehole are 
pushed back to their original position. 

Point A marks the point at which the volume of the 
borehole cavity has fully returned to its initial posi-
tion, and is given the coordinates, V0, P0. Point B is 
the point at which creep pressure has been reached, 
and is given the coordinates, Vf, Pf. The plastic phase 
begins at point B and extends to point C, which is as-
ymptotic to the limit pressure. Point C, which is given 

the coordinates VL, PL, is defined as the point where 
the pressure remains constant despite increasing vol-
ume. 
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Figure 2. Typical Pressuremeter curve (Baguelin et al., 1978) 

 
The Menard modulus or pressuremeter modulus 

(EP) is an initial elastic modulus taken from the slope 
AB which is identified from the curve as the limits of 
the elastic response. The slope AB is a function of the 
shear modulus of the annulus and gives the modulus 
using the following equation; 

EP= 2.66[V0+0.5(VB-VA)]. (PA-PB)/ (VA-VB)           (1) 

Where V0 is the volume of the probe, VA is the 
volume at pressure PA and VB is the volume at pres-
sure PB. The factor 2.66 is assumed based on Pois-
son’s ratio equal 0.33.Menard shear modulus another 
parameter is obtained by pressuremeter coefficient 
(Em) according to the equation 2. 

G = Em/2(1+ν)                                                            (2) 

 
3 GEOLOGY OF THE STUDY AREA  

Studied project area is located in Kheir Abad industri-
al town, about 20km far from Arak city and about 
280km far from Tehran.  

According to the geological zoning of Iran (Nabavi, 
1977), project area is located in the Central Iran zone. 

The project site is located in the east of Meyghan 
Lake with a ground surface dipping towards the lake. 
The project area is mostly smooth and flat. The high-
est point of the site is located in the east with1685m, 
whereas the lowest point is located in the west site 
with 1682m above mean sea level. Based on topogra-
phy map, the slope direction of the area is east to west.  

According to geology map of the study region (Fig-
ure 3), all geological units belong to Quaternary. 
Moreover, all deposits are the subsequent of flood 
plain of Meyghan Lake. Underground layers consist of 
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cohesive fine-grained soils at the top and very weak 
rock layers at bottom. 

Groundwater depth in the site varies between 9 and 
11 m.   

 
Qmf: Mud flats and is formed of silt and clay soils; 

Qcf: Clay flats, fine clay and silt 

Figure 3. Geology map of the project region (After Arak geology 
map; GSI, 1998) 
 

4 GEOTECHNICAL CHARACTRIZATION OF 
STUDY AREA  

For subsurface exploration and geotechnical investiga-
tion of the project site, 67 boreholes with depths of 15, 
30, and 45 m and 6 test pits were excavated. The 
whole site is covered by fine-grained soils mainly 
formed in a flood plain.  

Underground layers in the project site consist of 
cohesive fine-grained soils at the top and very weak 
rock layers at bottom. After top soil, silty clay, silty 
sandy clay, marl, and clayey silt are generally ob-
served at shallow layers. This sequence of layers is 
followed by very weak rock layers with classification 
of claystone and marlstone and siltstone at lower part 
(Figure 4). The depth of rock layers in drilled bore-
holes, which are very weak, varies between 6 and 

12m. A general geology profile of site is shown in 
Figure 5.  

Based on the lab test results on undisturbed sam-
ples, dry density of soils and weak rock layers in be-
tween 15 and 19 kN/m3. Generally the dry density of 
layers increase with depth (Figure 6). Plasticity index 
(PI) of soils and weak rocks is mostly more than 10% 
(Figure 7) so soils is classified as cohesive. 

 

Figure 4. A photo of subsurface layers of site 

 

 
Figure 5. General geology profile of site 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. Variation of dry density of samples  
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Figure 7. Variation of Plasticity Index of soils and weak rocks 

 
Based on the SPT results, the fine-grained soils are 

firm to very hard (Figure 8). 

Figure 8. Variation of SPT with depth in boreholes 

 
Uniaxial compression tests on hard soils and soft 

rocks samples are shown on Figure 9. The uniaxial 
compression strength varies between 200 and 700kPa 

 
 
 
 
 

Figure 9. Uniaxial compression strength of weak rock samples vs 

depth 

 

5 PRESSUREMETER TESTS RESULTS 

The PMT data in this study were obtained from 75 
tests that were conducted in 20 boreholes at Arak 
Aluminum Plant site. The depths of the drilling bore-
hole ranged between 15 and 30m.  

Based on their placement in the boreholes, three 
types of Pressuremeter exist: 

- Pre-boring Pressuremeter (P.B.P); 
- Self-boring Pressuremeter (S.B.P); and 
- Push-in Pressuremeter (P.I.P) 
The pre-boring Pressuremeter (P.B.P), size AX, 

Type GC, was used in this project (Figure 10). PMT 
tests are done every 5 meters on average in each bore-
hole. Values obtained from 75 PMT tests. The varia-
tion of Pressuremeter Menard modulus (EP) vs. depth 
is shown in Figure 11. EP varies between 17 and 
85MPa for very weak rock layers of this site. The limit 
pressure (PL) of PMT tests varies between 1 and 
7.7MPa (Figure 12).  

The shear modulus (G) of these layers is deter-
mined 1 to 50MPa according to Equation 2 and also 
the modulus of subgrade reaction (Ks) for piles is cal-
culated 13 to 950MN/m3 based on the following equa-
tions: 

 
 

D
ep

th
, 

m
 

 

746



 
Figure 10. A photo of PMT test in this study 

 

 
Figure 11. Pressuremeter modulus vs depth 
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Where, α is selected between 0.25 and 0.5 based on 
practical correlations and type of soils. Also, accord-
ing to Pressuremeter test manual (Bureau of technical 

affairs and standards of Iran, 2002), R=R0 (pile radi-
us) was assumed as 0.3m. 

 
Figure 12. Limit pressuremeter of PMT tests vs depth 
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