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ABSTRACT: Due to its rather brittle nature, retrieving undisturbed samples of Jakarta cemented greyish stiff clay, often 

found at a depth of 30 to 120m, is very difficult. Good and reliable shear strength parameters, i.e, c and ϕ values, obtained 

from triaxial test are hardly available. In practice, many engineers are often forced to estimate these parameters through 

SPT test data which are of course greatly varied from one engineer to another. It will be good if these parameters can be 

derived by an in-situ testing device. Since pressuremeter is an in-situ soil testing device able to yield stress strain rela-

tionship of soil, a research is carried out to derive c and ϕ values from pressuremeter test data curves through cavity 

expansion theory. Results prove that c and ϕ values of Jakarta stiff clay can be derived by matching pressuremeter test 

data curve with values calculated through modified cavity expansion theory. The derived c and ϕ values are comparable 

with CIU triaxial test strength parameter obtained from relatively good ‘undisturbed’ samples.  
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1. Introduction 

The first 30m depth of Jakarta alluvial coastal plain 

generally consists of alternating soft to medium silty clay 

and loose to medium dense sands layers. Below 30m and 

up to 60m depth, alternating old alluvium deposits of ce-

mented stiff clay and cemented sands are found. Below 

60m depth, the soil generally consists of stiff cemented 

old alluvium clay. The cemented stiff clay layer exhibits 

a rather brittle nature. It needs a highly skillful technician 

to get and to prepare good quality of undisturbed samples 

for triaxial test. Many soil laboratory does not have such 

qualified person, therefore, engineers are often ‘forced’ 

to estimate its c and ϕ values, as well as its stiffness value 

through SPT data which is of course can greatly varied 

from one engineer to another as SPT test itself is often far 

from reliable when executed on clayey soils. It is good if 

these parameters can be derived by means of another 

more reliable in-situ test. Since pressuremeter test is so 

far the only in-situ testing device able to generate a stress 

strain curve of in-situ soils, it hypothesis that by simulat-

ing the pressuremeter test through cylindrical cavity ex-

pansion theory and matching the resulting stress strain 

curve with the actual test data curve, it is possible to cal-

culate the shear strength parameters, i.e., c and ϕ values. 

An in-depth research is the carried out to investigate this 

possibility. The methodology and the result of the re-

search are presented in this paper. 

2. Literature Reviews 

2.1. Pressuremeter test 

Pressuremeter test, originally developed by Louis Mé-

nard in 1957 (Baguelin et al [1-2]; Gambin [3]), is per-

formed by lowering a cylindrical probe into a carefully 

prepared borehole to the required test depth where the cy-

lindrical membrane is then pressurized against the bore-

hole wall and the subsequent volume expansion of the 

cylindrical membrane is measured.  

Generally, the pressure is applied by pumping de-aired 

water into the cylindrical membrane and its volume of 

expansion is measured through the volume pumped into  

the membrane. The actual pressure or stress working 

against the borehole wall is corrected against the mem-

brane resistance and against the hydrostatic pressure 

from the manometer to the centre of the membrane. The 

volume of expansion is corrected against the expansion 

of the hose to deliver the water from the control unit to 

the membrane (ASTM D4719-00 [4]). The corrected vol-

ume is then converted into radial strain of the borehole 

wall. The resulting corrected radial stress strain curve 

acting against the soil can then be plotted. Fig. 1 shows 

the schematic pressuremeter test device and the typical 

test data curve modified after Briaud [7]. 

 

 
Figure 1.  Pressuremeter test and typical test graph modified after 

Briaud [7] 



 

From the installation point of view, there are three 

types of pressuremeter, i.e.: preborehole pressuremeter, 

push-in pressuremeter, and self-boring pressuremeter 

(Baguelin et al [2]; Clayton et al [6]; Briaud [7]; Clarke 

[8]).  

Preborehole pressuremeter is performed on a carefully 

prepared borehole prior to the insertion of the test probe. 

Push-in pressuremeter probe is equipped with a conical 

tip and the probe is pushed into the soil to the test depth 

before the test is begun. Self-boring pressuremeter probe 

is equipped with a drilling bit at its tip, the probe is 

advanced into the ground following the drilling process. 

Push-in pressuremeter induces more disturbances to the 

borehole wall than pre-borehole pressuremeter, self-

boring pressuremeter induces less disturbances.  

Among those three types, pre-borehole pressuremeter 

has been employed in Indonesia as early as 1983 (Gouw 

[9]) and up to now it is the most commonly adopted. 

Push-in pressuremeter is never applied, and only one 

government institution has self-boring pressuremeter but 

rarely used. Therefore, the research is limited to pre-

borehole pressuremeter test data only. 

2.2. Pressuremeter parameters 

From the stress strain pressuremeter test curve, tradi-

tionally six parameters are generated, those are: Po, Py, 

PL, Km, Em, and G as elaborated below: 

2.2.1. Horizontal pressure, Po 

Horizontal pressure, Po, is defined as the pressure 

where the membrane first touches the borehole wall, i.e. 

first point at the beginning of linear or elastic part of 

pressuremeter stress strain curve, indicated as Po in Fig.1. 

This pressure is also often interpreted as total horizontal 

pressure at rest as represented in the equation below, 

 

𝑃𝑜 = 𝜎′𝑣𝑜𝑘𝑜 + 𝑢𝑜 (1) 

 

𝜎′ℎ𝑜 = 𝜎′𝑣𝑜𝑘𝑜 = 𝑃𝑜 − 𝑢𝑜 (2) 

 

Where σ’vo is vertical effective pressure, σ’ho is 

horizontal effective pressure, ko is at rest horizontal earth 

pressure coefficient, uo is hydrostatic groundwater 

pressure.  

2.2.2. Yield pressure, Py 

The end of the linear part and the beginning of the non-

linear (plastic) part of the pressuremeter test curve, 

indicated as Py in Fig. 1. 

2.2.3. Limit pressure, PL 

Limit pressure, indicated as PL in Fig. 1, is defined as 

the ultimate horizontal pressure of pressuremeter test 

curve where soil start to ‘flow’, i.e. radial strain keeps on 

increasing while the pressure is hardly increases. 

Generally, in real test, this limit pressure is hardly 

achieved, and the test curve must be extrapolated in a 

logaritmic plot as shown in Fig. 2. 

 

 
Figure 2. Extrapolation of test data to get PL (modified after Baguelin 

et al [2] and Ghionna et al [10]) 

2.2.4. Coefficient of horizontal subgrade 

reaction, Km 

Coefficient of horizontal subgrade reaction, Km, is 

obtained through linear part of the test curve, i.e.: 

 

Km= 
∆P

∆R
=

𝑃𝑦−𝑃𝑜

𝑅𝑃𝑦−𝑅𝑃𝑜
 (3) 

 

Where RPy and RPo is cavity radius at yield pressure Py 

and horizontal pressure, Po, respectively. 

2.2.5. Stiffness or deformation modulus, Em 

Soil stiffness modulus, Em, is derived by the following 

equation: 

 

Em = (1+υ) 
RPo+RPy

2
 Km (4) 

 

Where v is Poisson ratio of the soil, usually taken as 

0.33. 

2.2.6. Shear modulus, G 

Shear modulus, G, is calculated as follows: 

 

G = 
Em

2(1+υ)
 (5) 

2.2.7. Shear strength parameters 

Other than those traditional pressuremeter parameters, 

some researchers derive undrained shear strength of clays 

and angle of internal friction of sands. Gibson and 

Anderson [11], formulized undrained shear strength of 

cohesive soils, Su, through Tresca constitutive model as 

follows: 

 

c = σho+Su [1+ln (
G

Su
) +ln (

∆V

V
)] (6) 

 

Where σc is pressuremeter cavity wall pressure, σho is 

total horizontal stress of the soil, ∆𝑉 𝑉⁄ = 𝐿𝑛[(𝑅𝑐
2 −

𝑅𝑃𝑜
2)/𝑅𝑐]= volumetric strain, Rc is the cavity wall radius 

at σc. 

With Eq. (6), Gibson and Anderson indicated that if σc 

is plotted against 𝑙𝑛(∆𝑉/𝑉), the plastic part of the test 



data will form a straight line, and the slope of this straight 

line is the undrained shear strength of the soil as show in 

Fig.3. 

 
Figure 3. Derivation of undrained shear strength, Su (modified after 

Gibson and Anderson [11]) 

Marshland and Randolph [12] derived a simpler 

formula to derived the undrained shear strength, Su: 

 

 

Su = (𝑃𝐿 − 𝑃𝑜) ∕ 𝑁𝑃 (7) 

 

Where Np is a constant taken as 6.2. Mair and Wood 

[13] reported that Eq. (7) is less sensitive against the 

effect of pressuremeter installation method. Mair and 

Wood [13], Windle and Wroth [14-15], reported that 

generally undrained shear strengths derived from 

pressuremeter test were higher than laboratory test data. 

Some researchers have also tried to derive angle of 

internal friction of sands through pressuremeter test data 

(Hughes et al [16]; Fahey and Randolph [17]; Mair and 

Wood  [13]; Schnaid [18]). As in undrained shear 

strength case, the resulting friction angles were also 

higher than the ones obtained from triaxial tests (Bruzzi 

et al [19]). However, from literatures published up to 

2013, it seems that no attempt has been tried to derive the 

effective shear strength c‘ and ϕ‘ of clayey soils by using 

pressuremeter test data. In France, where pressuremeter 

is widely used, the engineers directly adopted the 

pressuremeter parameters Em, G, Py and PL to calculate 

foundation capacity and settlement (Baguelin et al [2]; 

Gambin [20]; Boumedi et al [21]; Bustamante et al [22]; 

Gambin and Frank [23]; Reiffsteck [24]; Schlosser et al 

[25]; Hamidi et al [26]). 

Outside French, the research generally directed to 

derive and to use undrained shear strength (Briaud et al 

[27]; Jefferies [28]; Ferreira and Robertson [29]; Briaud 

[30]; Bullock [31]; Silvestri and Ghassan [32]; Ramdane 

et al [33]). Only one literature is found trying to estimate 

c‘ and ϕ‘ values of clayey soils by using pressuremeter 

test data through cavity expansion theory by Mecsi [34]. 

The cavity expansion theory and Mecsi model is 

elaborated below. 

2.3. Cylindrical cavity expansion theory 

Cylindrical cavity expansion theory discussed the 

change of stresses, pore water pressure and deformation 

of soils caused by expansion or contraction of cylindrical 

cavity. This theory has been widely employed in 

analysing deep foundation, tunnels, borehole stability, 

stone columns and other geotechnical problems (Ladanyi 

[35]; Baguelin [1]; Vesic [36]; Vesic [37]; Baligh [38]; 

Wroth and Windle [39]; Datye and Nagraju [40]; Pandit 

et al [41]; Yu 2000 [42]). 

Vesic [36] divided the expansion of cylindrical cavity 

into elastic and plastic zone as illustrated in Fig. 4. Based 

on this Vesic work and Mohr Coulomb failure criterion, 

Mecsi [34] derived equations to calculate the c and ϕ val-

ues of soil from pressuremeter test data. His equations are 

elaborated below: 

 
ro = initial cavity radius; ru = pressurised radius;  = radius of 

plastic zone;  uro = cavity radial displacement; u = radial 

displacement of plastic zone; r = radial  stress; t = tangential 

stress;  = radial stress at boundary of plastic Zone 

Figure 4. Cylindrical cavity expansion zone (modified after Mecsi 

[34]) 

𝜎𝑢 =
2.𝑐

√𝜉
 (8) 

 

𝜉 =
1−𝑠𝑖𝑛𝜙

1+𝑠𝑖𝑛𝜙
 (9) 

 

σu and ξ are derived from Mohr circle as illustrated in 

Fig. 5. 

 
Figure 5. Definition of σu and ξ from Mohr failure criterion (after 

Mecsi [34]) 



 

The relationship of soil stiffness vs deformation 

modulus (soil sttiffness) is assumed to have a power 

function as follows. 

 

Es = Eo (
σ𝑐

σref
)

a
 (10) 

 

Where Es is the deformation modulus at a cavity 

pressure of σc, and Eo is the deformation modulus at a 

reference pressure σref = 100kPa as shown in Fig. 6, a is 

named as rigidity index. 

 

 
Figure 6. Deformation modulus vs cavity pressure (after Mecsi [34]) 

When a cylindrical cavity is subjected to a cavity 

pressure σc, the radial stress reduces from σc at the cavity 

wall to at rest horizontal earth pressure of σ‘ho at a certain 

distance. At the same time, the induced tangential stress 

σc first reduces until radius ρ, where it then increases to 

finally reaches σ‘ho. The radius where the soil is still in 

compression and the tangential stresses still reduces is 

defined as radius of compression (plastic) zone, ρ, and 

formulated as: 

  

𝜌 = 𝑟𝑐 (
𝜎𝑐+𝑐.𝑐𝑜𝑡𝜙

𝜎𝜌ℎ+𝑐.𝑐𝑜𝑡𝜙
)

1+𝑠𝑖𝑛𝜙

2𝑠𝑖𝑛𝜙
 (11) 

 

Where rc = cavity radius at cavity pressure σc and σρh 

is horizontal or radial stress at boundary of compression 

zone which is defined as: 

 

σρh ≈ 
σho

'

a
[1+ξ-√(1+ξ)2-2a(1-ξ)2aξ

σu

σho
' ] +σho

'  (12) 

 

The radial stress inside the compression zone (at 

radius r ≤ ρ): 

 

σr= (σρh+
c

tanϕ
) . (

ρ

r
)

2sinϕ
1+sinϕ -

c

tanϕ
 (13) 

 

The radial stress outside the compression zone (at 

radius r > ρ): 

 

σr=(σρh-𝜎ℎ𝑜
′ ). (

ρ

r
)
2

+𝜎ℎ𝑜
′  (14) 

 

The induced radial strain, εr: 

∆𝜀𝑟 =
𝜎𝑟𝑒𝑓

(1−𝑎)𝐸𝑜
[(

𝜎𝑟

𝜎𝑟𝑒𝑓
)

1−𝑎

− (
𝜎ℎ𝑜

′

𝜎𝑟𝑒𝑓
)

1−𝑎

] (15) 

 

The induced radial displacement ur: 

 

∆𝑢𝑟 =
∆𝜀𝑟(𝑖−1)+∆𝜀𝑟(𝑖)

2
(𝑟(𝑖) − 𝑟(𝑖−1)) (16) 

 

With the above formulas, it is supposed to be able to 

derive the c and ϕ of clayey soils by matching the 

pressuremeter test data curve the calculated radial strain 

or radial displacement, i.e. matching σc vs εr plot from 

pressuremeter against σc vs εr plot from the above cavity 

expansion formulas. 

3. Field and laboratory test performed 

The research was carried out at a project site at central 

Jakarta area, where many high-rise buildings are located. 

The following field and laboratory testings were carried 

out: 

• 21 deep borings carried out between 90 to 120 

m depths. SPT tests were taken at every 2 to 

3.5 m intervals. 

• 20 pre-borehole pressuremeter tests conducted 

at cemented stiff clay layers. 

• A total of 123 undisturbed samples for labora-

tory index properties tests, triaxial UU, triaxial 

CIU and consolidation tests. 

 

Fig. 7 to 15 show index and engineering properties of 

the soil tested. The subsoil exhibits an increasing trend of 

SPT blow counts against depth, and the water contents 

below 20m falls near the plastic limits, an indication of 

stiff clays (Fig. 7). Plasticity indices of the stiff clay, 

found below 20m depth, are mostly within 20 to 60% 

with liquidity indices less than 0.25 (Fig. 8). Other index 

properties are shown in Fig. 9 to 11.  

Fig. 12 shows the compression and re-compression in-

dices, Fig. 13 shows the pre-consolidation pressure and 

the undrained shear strength of the stiff clay from triaxial 

UU tests. The pre-consolidation pressures appear to be 

increasing with depth. Comparing with the correspond-

ing effective stresses, the over consolidation ratio of the 

stiff clay layers if found to be around 2.0. The undrained 

shear strengths of the stiff clay layer are found to be in-

creasing with depth, from around 90 kPa at 24 m depth 

to about 300 kPa at 100 m depth. The effective and total 

shear strength obtained from triaxial CIU tests are shown 

in Fig. 14 and 15. Fig. 16 shows typical graphs of pres-

suremeter test performed. Fig. 17 shows a bad quality 

pressuremeter test data where the hole is too large. 

Note that the notation of PMT DB-xx/yy in the pres-

suremeter graphs mean pressuremeter test (PMT) con-

ducted at borehole no xx at depth of yy meter. 

Fig. 18 shows the parameters derived from the pres-

suremeter tests. The notations on the graphs are as de-

fined before, whereas Eur means unloading-reloading de-

formation modulus derived from the test. Fig. 19 shows 

the soil effective horizontal stress σ’ho is obtained by sub-

tracting pressuremeter total horizontal pressure Po, with 

its corresponding hydrostatic groundwater pressure, as 

formulated in Eq. (1). It is important to observe the      

profile  of effective horizontal stress as it needs to be im-

plemented in Eq. (12), Eq. (14), and Eq. (15). 



 
Figure 7. SPT blow counts and Atterberg Limits 

 

 
Figure 8. Plasticity and liquidity indices 

 

 
Figure 9. Dry and bulk unit weight 

 
Figure 10. Specific gravity and water content 

 
Figure 11. Void ratio and degree of saturation 

 

 
Figure 12. Compression and recompression indices 
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Figure 13. Pre-consolidation pressure and undrained strength 

 

 
Figure 14. c’ and ϕ’ from triaxial CIU tests 

 

 
Figure 15. cu and ϕu from triaxial CIU tests 

 
Figure 16. Good pressuremeter test graphs 
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Figure 16. Good pressuremeter test graph (con’t) 

 
Figure 17. Bad pressuremeter test graph 

 
Figure 18. Pressuremeter parameters 

 
Figure 19. Effective vertical and horizontal pressure (horizontal pres-

sure calculated from Eq. (2)) 
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4. c and ϕ derivation from pressuremeter test 

4.1. Mecsi model 

Mecsi model as presented by Eq. (8) to (16) was tried 

to derive the c and ϕ from pressuremeter test data. It was 

found that Mecsi model could not give a unique values c 

and ϕ, neither match the test data curve, especially on the 

plastic phase of the curve, i.e. the part after yield pressure 

Py. The typical results are shown in Fig. 20. 

 

 
Figure 20. No unique c – ϕ values by Mecsi model 

While the test data curve is the same, each of the dia-

gram in Fig. 20 shows different combination of rigidity 

index and c – ϕ values. The same results were obtained 

from other test data. It is clear that Mecsi model needs to 

be investigated further. 

4.2. Modified E function model 

Through many cycles of numerical study applying the 

pressuremeter data to cylindrical cavity expansion model 

proposed by Mecsi, it was found that the key factor lies 

on changes of deformation modulus with its 

corresponding stress level as expressed in Eq. (10). 

Among the parameters in Eq. (10), it is obvious that 

further investigation need to be carried out on the 

reference pressure σref and rigidity index a. As explained 

above, Mecsi proposed to use reference pressure of 100 

kPa, considering that Mecsi method can only approach 

the linear part of the pressuremeter curve and far from 

approaching the plastic part, it looks like the reference 

pressure σref, should be adjusted as follows: 

 

• From Po to Py, where the pressuremeter stress-

strain or stress-deformation curve still linear, 

the reference pressure of 100 kPa and a 

constant value of rigidity index a shall be 

taken. 

• At and above yield pressure Py, where the 

curve starts to show non-linear characteristic, 

the reference pressure shall be taken equal to 

the yield pressure, i.e. σref = Py, and rigidity 

index values needs to be adjusted in 

accordance with their stress-strain level. 

 

A further trial and error parametric studies was carried 

out, it was found that at the linear or elastic part of the 

pressuremeter curve, the rigidity index, a, indeed 

constant, and the values lies within 0.25 to 0.80 with an 

average 0.5. However, when entering the non-linear 

plastic part, apart from changing the reference pressure 

from 100 kPa to Py, it appears that Eq. (10) needs to be 

modified. After many rounds of investigation, rather than 

doing trial and error, intuitively an idea came to mind to 

search the changes of plastic deformation modulus 

through its corresponding strain from within the test data 

itself. Subsequently, Eq. (10) is then modified to: 

 

• When pressuremeter stress level is still within 

the linear range, i.e. within Po to Py, Eq. (10) 

becomes: 

 

Es = Eo (
σc

100
)

0.5

 (10a) 

 

• When pressuremeter stress level is above yield 

pressure Py,  

Esy = Eyo (
σcy

Py
)

aye

→Esy = myEo (
σcy

Py
)

aye

 (10b) 

 

Where : 

Es = elastic soil deformation modulus at cavity 

pressure of σc 

Eo  = Em = pressuremeter modulus as defined in Eq. (4) 
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Esy  = plastic deformation modulus = σcy/εy = cavity 

pressure at plastic part divided by its corresponding 

strain (from pressuremeter test data) 

Eyo = my.Eo = my.Em 

my = yield factor 

σcy = cavity pressure at and above yield pressure 

aye = rigidity factor after yield pressure 

 

To find both my and aye, Eq. (10b) then is normalized 

to: 

 
Esy

Em
 = 𝑚𝑦 (

σcy

Py
)

aye

 (10c) 

 

Then from the pressuremeter data calculate and plot 

Esy/Em vs σcy/Py, the parameter my and aye can then be 

obtained by running the power function regression 

analysis. Fig. 21 shows one of the plotted test data. In this 

case, my = 0.6151 and aye = -2.06. Once parameter my and 

aye are found, substitute these parameters to Eq. (10b). 

 

 

 
Figure 21. Finding my and aye from pressuremeter test data 

 
Figure 22. Test data vs modified cavity expansion theory 

It is possible to calculate parameter c and ϕ in a more 

consistent way by using Eq. (8) to (16) but replacing Eq. 

(10) with Eq. (10a) and (10b). Fig. 22 shows one of the 

results of pressuremeter test curve matching with curve 

calculated from the modified E function or modified 

cavity expansion model. The result shows that when the 

stiff clay is still in linear “elastic“ range, the shear 

strength consists both cohesion and angle of internal 

friction (since the parameters are derived from 

pressuremeter, it is notated as cPMT and ϕPMT). However, 

once the soil entering non-linear plastic part, the stiff clay 

lost its cohesion (cyPMT = 0), and only the angle of internal 

friction remains constant throughout the elastic and 

plastic phase, i.e. ϕPMT = ϕyPMT. The same outcomes are 

found from all the pressuremeter test. 

 

4.3. Refining with linear hyperbolic model 

Due to the manual reading process, the rather fast 

execution may yield some degreeof erratic readings. 

Since between Po and Py pressuremeter test curve shows 

linear behaviour, while after Py the test curve shows 

hyperbolic characteristics, a rather erratic test curve can 

be smoothened out with a mathematical approach as 

follows: 

 

• When pressuremeter stress level is still linear, 

i.e.within Po to Py, the test data can be 

linearized by linear equation: 

 

𝜎𝑐 = 𝜆 𝜀𝑐 + 𝜅 (17) 

 

where σc is cavity wall pressure, εc is cavity 

wall strain, λ and κ is linear line coefficients. 

 

• When pressuremeter stress level is above yield 

pressure Py, hyperbolic equation is used: 

 

cy = 
𝜀𝑐𝑦

𝛼+𝛽𝜀𝑐𝑦
 or 

𝜀𝑐𝑦

cy
= 𝛼 + 𝛽𝜀𝑐𝑦 (18) 

 

Where σcy is after yield cavity wall pressure εcy 

is after yield cavity wall strain, α and β is 

hyperbolic coefficients. With this hyperbolic 

equation, the limit pressure PL can also be 

calculated: 

 

𝑃𝐿 = 1 𝛼⁄ + 𝑃𝑜 (19) 

 

Fig. 23 shows the example of smoothing the test data 

with linear hyperbolic mathematical model. 

By smoothing out pressuremeter test data point with 

linear-hyperbolic model, it is then possible to make a 

simple program by use of Microsoft Excel spreadsheet to 

calculate cPMT and ϕPMT in semi-automatic way. With this 

method, all the pressuremeter data were re-analysed and 

the results are shown below. 

In Fig. 24 cPMT and ϕPMT are plotted against the 

undrained shear strength of the stiff clay obtained from 

triaxial CIU test. While in Fig. 25 the cPMT and ϕPMT are 

plotted against the drained shear strength of the stiff clay 

obtained from triaxial CIU test. 
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Figure 23. Smoothen out test data using linear hyperbolic mathemati-

cal model 

 

 
Figure 24. cPMT and ϕPMT vs triaxial CIU undrained strength  

 

 
Figure 25. cPMT and ϕPMT vs triaxial CIU drained strength 

5. Undrained shear strength 

By employing Gibson and Anderson [11], Marshland 

and Randolph [12] methods presented in section 2.2.7, 

undrained shear strength of the stiff clay is derived from 

the pressuremeter test. Fig. 26 shows example of the 

derivation with both methods. Results obtained from all 

the data are plotted in Fig. 27 together with the UU 

triaxial test data. Gibson and Anderson method undrained 

shear is 2 – 3 times higher than UU triaxial, while 

Marshland and Randolph method gives 1.5 times higher 

undrained shear strength. 

 

 
Figure 26. Undrained shear strength derivation from pressuremeter 

test 

 
Figure 27. cuPMT vs cu triaxial UU 

6. Discussion 

Comparing Fig. 24 and Fig. 25, it can be seen that from 

27m to 97m depth the ϕPMT values are within 20° – 30°. 

These values fall within the drained angle of internal 

friction rather than the undrained angle of internal 

friction. As for the cohesion, the cPMT values have a clear 

trend increasing with depths, starting from around 50 kPa 

at 27 m to around 250 kPa at 97m depth, and it is clearly 

higher than the values obtained from CIU triaxial test, be 

the undrained or drained cohesion. The lesser values of 

cohesion from triaxial tests are generally attributed to the 
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brittle nature of Jakarta cemented stiff clay which tends 

to have thin hair cracks resulted from the sampling 

process by thin wall tube sampler and during the 

preparation of the samples in the laboratory. The higher 

values of cPMT is due to the cemented nature of the Jakarta 

stiff clay. Comparing Fig. 25 and Fig. 27, the cPMT values 

against the corresponding values of cuPMT, it is clear that 

cPMT values are lower by around 1.5 to 4.0 times the 

cuPMT. This is consistent with the nature that drained 

cohesion is lower than undrained cohesion. It can be said 

that the cohesion values derived from pressuremeter test 

by modified cavity expansion theory are drained 

cohesion or at least partially drained cohesion. 

Another fact need to mention is that the derivation of 

shear strength parameters from pressuremeter data by 

using modified cavity expansion give a clear existence of 

soil cohesion when the stress strain of the stiff clay is still 

within the linear “elastic“ range, and the stiff clay losses 

the cohesion once the stress level reaching and above its 

yield stress level, what remain thereafter is the angle of 

internal friction which remain constant throughout all the 

stress level. 

From all the above phenomena, it can be concluded or 

at least postulated that for Jakarta stiff clay, at the initial 

stage of pressuremeter test the soil is in partially or near 

drained cohesion, as the radial stress and strain increases 

and reaches its yield pressure, Py, the stiff clay is already 

in fully drained cohesion. The explanation is: at the initial 

stage, while the radial stress tends to reduce the soil 

volume, the concurrent induced tangential strain will 

expand the soil radially, therefore the soil is not in a fully 

compressive nature, but rather in a radial and tangential 

ring like shearing nature. Consequently, at this stage the 

soil at least is in a partially drained condition. At and 

beyond yield pressure, the induced tangential strain will 

be large enough to cause the distance within the clay 

particles move to a larger distance on another to lose its 

cohesion and left only with its angle of internal friction, 

at this stage the stiff clay is already in a fully drained 

condition. 

7. Conclusion 

From the research, it can be concluded that Mecsi 

model cannot be directly used to derive the c and ϕ values 

of Jakarta stiff clay. Its formulation of deformation 

modulus need to be modified into two parts as written in 

Eq. (10a) and (10b), with this modified E function, cavity 

expansion theory can then be applied to derive the shear 

strength parameters. Pressuremeter test in Jakarta stiff 

clay initially exhibits partially drained condition and the 

gradually become fully drained condition when reaching 

and beyond its yield pressure. The c and ϕ values 

obtained from pressuremeter test are effective stress 

parameters. The pressuremeter test can reveal the effect 

of cementation of Jakarta stiff clay which appear in a 

higher value of cohesion which cannot be captured by 

triaxial test due to the difficulty in obtaining a good 

‘really’ undisturbed Jakarta stiff clay samples by normal 

thin wall tube sampler. 
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