Interpretation of TA and
DSS test on organic soft soil
to derive strength
parameters for
dike design.
Figure 1 - Test locations in the topview of the dike.
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1. Introduction
For a study into undrained stability calculations
of flood defences on behalf of STOWA and waterboard of Delfland, Witteveen+Bos investigated
the differences between drained and undrained
stability calculations for a local flood defence.
The reference site is a local flood defence along
the Berkelsche Zweth channel located between
Rotterdam and Delft in the west of the Netherlands. The Berkelsche Zweth channel functions
as a discharge for the water pumped out of the
surrounding polders. The studied section is the
flood defence between the channel (with a water level of -0.4 m NAP) and the low lying polder
Schieveen (level approximately -5.0 m NAP).

Figure 2- Soil profile, water level in channel and polder level.

The analyzed flood defence has been previously
studied in 1972-1973 in the context of the systematic local flood defence study (“systematisch
kade-onderzoek COW”). Based on those results
it has been improved in the 1980s. In the design
of that improvement, particular attention was
paid to limiting the “driving” force (e.g. limiting
the toe ditch) and limiting the surface subsidence. In 2006 another improvement of the flood
defence has resulted in its current stable state.
From archives it is known that in 1806 a slope
instability occurred at about 600m from the pilot
location. Further collapse have been prevented
by strengthening the dike with a berm.
2. Site investigation program and soil profile
An extensive geotechnical investigation program
has been carried out to gain reliable data on soil
profile and parameters. In a single cross-section, eight CPT’s and three boreholes with continuous sampling have been carried out (see Figure 1). The CPT’s were made to a level of -19 m
NAP, while the boreholes reached a depth of 5 m
in the crest of the dike and 10 m in the berm and
in the polder. After the field work the following
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Abstract

This paper presents the findings on the behaviour of organic soft soil (clay and
peat) using a variety of state-of-the-art laboratory tests. Moreover it addresses the importance of critical evaluation of the each test and the parameter
determination. The tests are performed within a research program on behalf
of research foundation “STOWA” to verify the stability of a local flood defence
of the waterboard “Hoogheemraadschap van Delfland”. Oedometric tests
(OED) and constant rate of strain tests (CRS) have been carried out to determine the preconsolidation stress, after which anisotropically K0-consolidated
undrained triaxial tests (TA-ACU) and direct simple shear tests (DSS) have
been executed with three different consolidation paths. All tests have been
performed on undisturbed samples to obtain reliable soil parameters.
The interpretation of laboratory tests is made in terms of pre-consolidation
stress (s’vy), undrained shear strength (Su) and effective friction angle (φ’). This
paper focuses on determination of the strength parameters at large strains,
the so called critical state or ultimate state parameters, further on called ultimate state parameters (“ult”). The ultimate parameters can be used for a
effective stress approach with Mohr-Coulomb strength model using effective
friction angle and no cohesion. The ultimate parameters can also be used
for a critical state soil mechanics (CSSM) approach with undrained shear
strength related to the effective stress and overconsolidationratio (OCR).

The undrained shear strength (Su) is normalised by the vertical consolidation
stress (s’vc) to derive the undrained shear strength ratio (S). By plotting S versus the OCR, both the normally consolidated value (S;nc) as the exponent (m)
to describe the overconsolidated behaviour are derived. The OCR is defined
as s’vy divided by s’vc. This paper presents additional criteria to define the ultimate state of Su.
To obtain the ultimate state effective friction angle (φ’), the interpretation of
TA-ACU is made by plotting t against s’. For the DSS tests, Su is plotted against
the ultimate vertical effective stress (σ’ult), which represents the vertical effective stress acting on the sample at the moment of failure. This paper presents additional criteria to define the ultimate state of φ’.
Lastly a comparison is made between two consolidation procedures to derive
the undrained shear strength at in-situ stress conditions. Two identical samples have been tested, one sample is consolidated to the in-situ stress level
before undrained shearing. The other samples is first consolidated to the preconsolidation stress, then consolidated to the in-situ stress before undrained
shearing, the so called SHANSEP method.

Tabel 1 - Index properties of soil layers
description

Clay Dike

borehole

B001

B002
Holland
Peat
B003

Tiel Clay
B002

B003

level
(NAP)

*γn
(kN/m3)

(kN/m3)

w
(%)

(kN/
m3)

e
(-)

Sr
(%)

-0.1

16.2

11.0

48

25.8

1.34

91.1

-0.4

16.7

11.4

47

25.9

1.27

92.3

-3.6

17.1

11.5

48

25.9

1.24

99.9

-5.4

10.7

2.0

437

17.2

7.62

98.5

-5.8

13.3

5.3

149

22.7

3.25

103.9

-5.9

10.4

1.8

485

16.6

8.33

96.7

-4.7

10.9

3.2

238

19.0

4.93

92.1

-5.3

13.3

5.4

144

22.7

3.18

102.9

-5.5

10.5

2.0

433

17.0

7.61

96.7

-7.0

16.5

10.4

59

25.7

1.48

102.0

-9.9

15.4

8.6

79

25.1

1.92

103.2

-10.3

15.0

8.4

77

25.0

1.96

98.4

-6.2

16.5

10.6

55

25.8

1.42

100.2

-7.3

16.3

10.1

61

25.6

1.54

101.6

-9.8

15.8

9.2

72

25.4

1.76

103.6

-10.7

15.0

8.3

80

25.0

1.99

100.3

-12.7

17.2

11.8

46

25.9

1.20

99.7

γdr

* γn is the unit of weight of the material at the natural saturation degree found in the field
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laboratory tests have been performed:
• Classification tests (24x)
• Conventional Oedometric tests (10xOED)
• Constant Rate of Strain tests (11xCRS)
• Anisotropically K0-Consolidated Undrained
triaxial tests (18xTA-ACU)
• Direct Simple Shear tests (18xDSS)
The subsoil conditions on the site are characterized by layering of natural and manmade
cohesive deposits. The top layers in the dike
body consist of anthropogenic clay. Three anthropogenic layers can be distinguished, which
are named Clay Dike, Clay #4 and Clay 1972.
The last two layers are not included in this study
since it was shown that the failure circles were
only just intersecting these layers and that their
influence on the overall stability is therefore negligible. Below the manmade soil two natural
Holocene deposits are encountered, the Holland
peat underlain by the Tiel clay. Below the compressible and organic Holocene deposits a thick
layer of sand is present.
An overview of the index properties of the studied layers is given in Figure 2. In the table it can
be observed that within the geological deposits
the density (ρ) and the water content (w) vary
widely. There is a clear correlation in the variability, lower density correlates to higher water contents (and higher organic content). Even
though the variability within each of the layers is
significant, there is still a very clear separation
between the different layers.

Figure 3 - Testing methodology (test types and resulting data).

Figure 4 - In-situ effective stress and (pre-)consolidation stresses.

3. Methodology of geotechnical testing
In general the methodology of the tests has
been to determine the state of the soil by using
CRS tests after which both the ultimate state
strength parameters of the different layers
could be determined by using TA and DSS tests.

3.1. CRS testing
Eleven CRS tests were performed to gain reliable pre-consolidation stresses. The resulting
compression parameters were not evaluated
in this studies since no settlement calculations were required. Traditionally, compression

parameters and pre-consolidation stresses are
determined using oedometer tests (OED). In oedometer tests, each load step is placed instantaneously. In order to improve the resolution of
the data obtained, constant rate of strain tests
are performed. Using this combination of tests,
more reliable pre-consolidation stress and compressibility parameters are obtained. From the
CRS test compression parameters and pre-consolidation stresses were obtained. The best estimate pre-consolidation stress (s’vy;A) is derived
from normal Casagrande procedures. The upper
bound pre-consolidation stress (s’vy;B) obtained
where the compression curve starts to be linear
at higher stresses showing true normally con-
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solidated behaviour. This value is typically twice
the value of s’vy;A. Using the results of the CRS
tests and the calculated in-situ effective stress,
the consolidation stresses for the laboratory
testing have been determined. The in-situ stresses including the pre-consolidation stresses
determined by the CRS tests have been graphically presented in Figure 4. In this figure also the
consolidation stresses used for TA and DSS tests
have been indicated.
The initial specimen height was about 20 mm
with a diameter of 66 mm, the rate of strain
during the tests varied between 0.2 and 0.5 % /
hour. The specimen is placed in a stainless steel
ring resting on a ceramic porous stone. The
specimen is loaded by means of a piston with
a gear driven load frame in order to guarantee
the constant rate of strain. During the test the
excess pore pressure and chamber pressure
are measured by means of transducers. The
imposed displacement and the vertical load are
also measured. Within the project the following
loading schedule was followed:
- Start at a low stress up to 4 kPa
- Increase the load to a maximum of about 300
kPa (up to 10 times the in situ effective stress)
- Series of unload, reload and relaxation.
3.2. Triaxial test
Anisotropically consolidated undrained triaxial
tests (ACU-TA) have been performed to determine the ultimate state strength parameters for
drained and undrained calculations. A number
of depths were selected for testing. For each selected depth three different consolidation procedures (levels) were used on three separate
samples:
• Test-I: Consolidation to the theoretical vertical
effective in-situ stress.
• Test-II: Consolidation to the best estimate preconsolidation stress (s’vy;A) obtained from CRS
and then brought back to the theoretical vertical in-situ stress (SHANSEP).
• Test-III: Consolidation to at least the upper
bound pre-consolidation stress (s’vy;B) obtained from CRS in order to ensure it behaves
as normally consolidated.
Six samples were tested from the Dike clay and
twelve from the Tiel clay. Using the in-situ stress,
pre-consolidation stress and the test methodologies as described before, the resulting consolidation stresses for the different samples are
shown in Table 2.
No TA were performed on the layer of Holland
peat, since TA on peat do not give an accurate

INTERPRETATION OF TA AND DSS TEST ON ORGANIC SOFT SOIL TO DERIVE STRENGTH PARAMETERS FOR DIKE DESIGN.

Tabel 2 - TA-ACU consolidation pressures used
soil type

borehole

sample

3
Clay Dike

B001

8

12
B002

20
Tiel clay
5
B003

8

results of the strength parameters.
The initial specimen height was about 66 mm
with a diameter of 33 mm, the rate of strain
during the tests varied between 0.2 and 0.5 %
/ hour. The tests were performed to 15% axial
strain (equals 22% shear strain). In line with the
research program all tests were K0-consolidated, where K0 has been taken as 0.5. An OCR dependent K0 has not been applied.
3.3. DSS test
DSS with constant height (constant volume)
during shearing have been performed to determine the ultimate state strength parameters for
drained and undrained calculations. Three samples were tested of the Dike clay, Nine of the
Holland peat and six of the Tiel clay. The direct
simple shear tests (DSS) are consolidated in the
same way as the TA-ACU, with one slight chan-

test

sample
level
(m NAP)

s’vc
(kPa)

s’hc
(kPa)

I

-0.78

20

10

II

-0.88

38 → 20

19 →10

III

-1.36

98

49

I

-3.26

32

16

II

-2.38

76 → 32

38 → 16

III

-3.98

234

117

I

-6.38

22

11

II

-6.51

44 → 22

22 → 11

III

-6.61

128

64

I

-9.6

42

21

II

-9.41

84 → 42

42 → 21

III

-9.51

216

108

I

-5.76

20

10

II

-5.89

36 → 20

18 → 10

III

-6.29

98

49

I

-7.11

18

9

II

-6.61

46 → 20

18 → 10

III

-6.71

108

54

ge. In test-III the samples are first consolidated
to 10% higher stress level before consolidating
to s’vy;B. This way the excess pore pressures
before shearing are minimized. Furthermore
the tendency to develop large creep strains
compensated by vertical stress relief (due to
constant height test condition) is reduced. The
consolidation pressures as shown in Table 3
have been used. The DSS on de Dike clay showed some unrealistic behaviour and will not be
discussed in this paper.
The initial height of the sample was about 27.5
mm with a diameter of 65.9 mm. The rate of
strain during the tests was between 1.2 and
1.8 mm/hour. The tests were performed to 40%
shear strain.
3.4. DSS simulation and interpretation
During the DSS test only the vertical effective
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stress and the shear stress can be measured.
This leads to the situation where the full stress
condition of the sample is unknown (the directions of the principal stresses cannot be determined). In order to be able to determine a reasonable value for the critical state parameters,
some assumptions on the behaviour of the material have to be made. When back-analyzing the
DSS test in Plaxis, it can be shown that the principal stresses are under an angle of 45o with the
vertical (Ref. [4]). This leads to the situation in
which σ’v = σ’h = s’, and Su = τ = t. When plotting
Mohr-circles using this assumption, it is clear
that the mobilized friction angle can be found by
using sin φ’ = τ / σv’ instead of using tan φ’ = τ /
σv’. This assumption is not necessarily conservative, but especially when Plaxis is also used
in the design for a situation where the material
is loaded in shear, it is considered a valid and
consistent approach since the back-analysis has
already shown that Plaxis will in this situation
represent the actual behaviour of the material
correctly.
4. Results
4.1. Stress strain curves
The stress strain curves of Holland peat and Tiel
clay are presented in are presented in Figure 5
and 6. The graph of Dike clay is not added as it
shows similar behaviour. The stress is normalised by the vertical consolidation stress. Various observations are made:
• Test III with the normally consolidated samples results in the lowest stress ratio (S). Test
I and II result in higher S-values due to the
overconsolidation. This is in line with the critical state soil mechanics (CSSM) consideration.
• Large strains are generally required to reach
ultimate state, most samples show ongoing
hardening.
• In particular the DSS on Holland peat (Figure
6) show large strains to reach ultimate state,
even for test III.
• In particular the TA test III on Tiel clay (Figure
5) show small strains to reach peak strength
and some softening at ultimate state.
In general it can be concluded that the tests
results are considered to be normal and in line
with experience with organic soft soils.
4.2. Stress path
Some stress path’s require careful evaluation.
Two examples are presented in Figure 7 and 8.
The tests are selected to address the importance of critical evaluation of the strength parameter. Normally the ultimate state is defined as the
large strain value. Here this leads to unrealistic

high values for Su, in particular for overconsolidated samples (Test I and II). These samples tend dilate strongly with increasing strain.

Therefore two additional criteria are defined:
• The Su;ult value is defined as the maximum secant value in the stress path graph (green line

Tabel 3 - Consolidation pressures for DSS tests
soil type

Clay Dike

borehole

sample

2

B001

7
B002

Holland peat

9

3

B003

21

B002

Tiel clay

9

B003

s’vc;1 → s ‘vc;2
(kPa)

test

level
(m NAP)

I

-0.51

10

II

-0.45

19.3 → 10

III

-0.38

84.3 → 80

I

-4.14

18.5

II

-4.24

35.2 → 19

III

-4.28

91.5 → 86

I

-5.03

19.3

II

-4.94

31.7 → 18

III

-4.90

118.5 → 112

I

-4.35

9.9

II

-4.40

26.5 → 10

III

-4.36

93 → 88

I

-9.78

45

II

-9.81

66.9 → 43

III

-9.98

209 → 196

I

-8.74

20.3

II

-8.63

37.3 → 20

III

-8.60

108.6 → 102

Figure 5 - Stress strain curves TA-ACU on Tiel clay.

in Figure 7 and 8). This is the maximum t/s’ ratio in TA and the maximum τ/s’v in DSS. Beyond
this value the sample tend to dilate strongly
where the normal stress increase significant
more than the shear stress.
• The Su;ult value is defined as the first intersection with the tensile cut-off line (Figure
not added). The tensile cut-off is the state in
which the σ’3 is lower than 0, i.e. that tensile
stresses start to develop. In theory soil does
not provide any tensile resistance , this implies
that the minimum allowable effective stress
(σ’3) can never be negative. Assuming that σ’3
= 0 it geometrically implies that the left limit
is identified by a 1:1 line in the s’ - t plane. For
DSS it is assumed the same 1:1 line can be
plotted in the τ / σ’v plane.
The minimum of the ultimate state and the two
additional criteria is now defined as the new
condition and compared to the ultimate state
only. The new condition is briefly indicated with
“min” compared to “ult” for the ultimate state
only.
4.3. CSSM S-OCR curves
The undrained shear strength can be evaluated
is in line with the critical state soil mechanics
(CSSM) approach, where the undrained shear
strength ratio (S) is plotted versus the overconsolidationratio (OCR) and equations 1 and 2 apply to derive S and m
Su;nc = S·s’v
(eq. 1)
Su;oc = Su;nc·OCRm
(eq. 2)
The results of both conditions are presented in
Figure 9 and 10. Various observations are made:
• The S-value of dike clay is considered to be
very high, in particular for a low organic material. This is not fully understood. A few aspects
might be of influence. The layer is manmade
Figure 6 - Stress strain curves DSS on Holland peat.

TA-ACU Tiel clay

DSS Holland peat

1,1
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1
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0,7
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0,7

0,6
0,5
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0,4
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0,3
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B3M5 test III

0,2

0,2
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0,1
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0
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0
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Figure 7 - Stress path example TA-ACU on Dike clay (B001 M3 test-I).

Figure 8 - Stress path example DSS on Holland peat (B003 M3 test-I).

Figure 9 - S-OCR curves from TA.

Figure 10 - S-OCR curves from DSS.

and is mainly unsaturated under in-situ conditions.
• The S-value of Tiel clay is 0.33 for TA conditions and 0.27 for DSS conditions. The DSS value
is about 80% of the TA value which is in line
with reported experiences of other clays.
• The new condition yields generally in a better
regression coefficient and less extreme values. In particular the unrealistic high values
are taken out. This causes in general a lower
exponent (m). The intersection at the OCR=1
axis is not significantly influenced and is in all
cases similar the average of only test III (values between brackets in the legend).
• The determination of the exponent (m) depends very much on a few outliers. It is concluded that these should be carefully examined

and the new conditions is an improvement. It
is furthermore required to have sufficient tests
and also larger ranges of overconsolidation
ratio.
4.4. SHANSEP
The effect of SHANSEP can be investigated by
comparing test I and II. Test-I is consolidated to
the theoretical vertical effective in-situ stress.
Test-II is consolidated to the pre-consolidation
stress and then brought back to the theoretical
vertical in-situ stress (SHANSEP procedure). Various observations are made from Figure 11:
• The Su value of test II is higher than test I for
all three soil types and both for TA and DSS
tests. Most point are above the 1:1 line and below the 2:1 line.
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• Figure 11 is based on the new condition. It
should be noted that the scatter and ratio for
the ultimate state condition would be larger.
• Test II yields in a higher exponent (m) in the
CSSM model.
• Applying the SHANSEP method typically provides 5 kPa higher Su values, say 20 kPa (Test
II) instead of 15 kPa (Test I) at in situ stress
conditions. This increase can be significant for
stability calculations.
The reason of this difference should be further
investigated. It might be that the actual OCR was
overestimated. Another reason might be the
OCR is a result from aging, and not from physical
pre-loading. It should be further investigated if
the effect of aging on the Su (or on the exponent

m) is less prone than for physical pre-loading.
4.5. Effective friction angle
The effective friction angle can be derived from
Figure 11 - Comparison Su results test I and II.

the failure points at the ultimate of new condition. In line with the CSSM approach the cohesion intercept is set to zero and equations 3 and
4 apply.
sin ϕ’ = t’ult/s’ult
sin ϕ’ = τult/s’v;ult

(eq.3)
(eq.4)

The TA results are plotted in a t-s’ diagram (see
Figure 12). The DSS results are plotted in a τ-s’v
diagram (see Figure 13). It should be noted that
for the DSS the ultimate vertical stress (at failure instead of consolidation) is used. The following observations are made:
• The ultimate condition and the new condition
yield in almost identical results. Apparently
the stress path moves along the failure line.
• The best fit lines show a small cohesion intercept, likely to be caused by the overconsolidated test I and II.
• The TA show very little scatter and the effective
friction angle (φ’) can be derived accurately.

• The DSS show more scatter, also for the Tiel
clay at normally consolidated stress level (Test
III).
• The derived ϕ’ for each layer is presented in
the legend between brackets. The friction angle is derived by averaging each individual test
III result per layer.
• The ϕ’ derived from TA on Dike clay is considered to be high, as also concluded for the Svalue.
• The ϕ’ derived from TA on Tiel clay is considered to be high, but more often seen for clays
with organic content.
• The ϕ’ derived from DSS on Tiel clay yields to
the same value as that from TA.
• The ϕ’ derived from DSS on Holland peat is
high, as expected.
4.6. Resulting parameters
The results of the tests show high friction angles for both TA and DSS testing. In numerous
previous researches high friction angles for or-

Figure 12 - TA t-s’ diagram.

Figure 13 - DSS τ-s’v diagram.

Tabel 4 - Overview of strength parameters
Condition

Ultimate state

Minimum of requirements

Layer

Test

S (-)

m (-)

t’/s’ or
τ/s’v (-)

φ’ (°)

S (-)

m (-)

t’/s’ or
τ/s’v (-)

φ’ (°)

Dike clay

TA-ACU

0.51

0.86

0.59

36.2

0.48

0.63

0.62

38.3

Tiel clay

TA-ACU

0.33

0.87

0.59

36.2

0.33

0.84

0.59

36.2

Tiel clay

DSS

0.27

1.00

0.60

36.9

0.27

1.00

0.60

36.9

Holland peat

DSS

0.50

0.55

0.72

46.1

0.50

0.64

0.72

46.1

With:
S=
m=
t’/s’ =
τ/s’v=
ϕ’ =

Su ratio normalised by the consolidation stress
OCR exponent
Stress ratio at failure of Test III samples in TA
Stress ratio at failure of Test III samples in DSS
Effective friction angle.
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ganic soils have been found in triaxial testing.
This is especially the case for fibrous soils (peat)
[8, 9], the fiber reinforcing effect has therefore
been a main explanation for the high friction
angles [10]. However, since similar behaviour is
found in organic clays, which do not contain high
amounts of fibres, it has to be concluded that at
this moment the cause of this behaviour is not
fully understood.
For direct simple shear testing high friction angles have also been reported earlier (for example
[5, 11]), and recent studies on Dutch peats have
shown that in the τ/σv’ plane in most cases the
1:1 line is approached [6, 7]. This leads to high
friction angles for the DSS test as well, similar
to the findings in this study.
The undrained shear strengths found from DSS
tests is approximately 80 of the undrained shear
strengths from TA-ACU. The resulting internal
friction angles from the DSS tests are higher
than the values found from TA-ACU. Both results obtained are in accordance with literature
[1; 2; 3]
The resulting parameters are presented in Table
4. It is concluded that the minimum of requirements is an improvement for the determination
of the undrained shear strength parameters (S,
m). For the effective friction angle there is no
difference.
5. Conclusions
Several laboratory tests have been performed to
gain reliable soil profile and parameters in order
to check the stability of an existing flood defence. Table 4 provides an overview of the strength
parameters obtained from the laboratory tests
and used in performing stability calculations.
Based on the analyzed case study it is concluded
that:
For the TA-ACU tests:
• TA-ACU tests have been performed only in the
layers of clay because they are considered not
reliable when performed on peat.
• The resulting Su ratio of Dike clay is about 0.50
with a power of 0.6-0.8.
• The resulting Su ratio of Tiel clay is about 0.33
with a power of 0.6-0.9.
• The resulting internal friction angles of Dike
clay is about 37°.
• The resulting internal friction angles of Tiel
clay is about 37°.
For the DSS tests:

• DSS tests interpreted in terms of undrained
parameters provide comparable results with
triaxial tests.
• The resulting Su ratio of Tiel clay is about 0.27
with a power of 1.0.
• The resulting Su ratio of Holland peat is about
0.50 with a power of 0.6.
- The resulting internal friction angles of Tiel
clay is about 37°.
- The resulting internal friction angles of Holland peat is about 46°.
DSS tests interpreted in term of undrained Su
ratio provide lower values when compared with
results from triaxial test, while DSS tests interpretation in term of drained strength parameters provide similar results. These results are in
accordance with literature [1; 2; 3].
In general strength parameters evidenced in
this case-study are significantly higher when
compared with usual and expected cohesive
soil strength parameters. A good explanation of
this behaviour can be related to the high organic
and water content. In organic material the fibres
present within the soil are able to provide high
tensile strength, thus increasing the soil shear
strength.
This paper presents two additional criteria to
define the ultimate state, indicated with “min”
compared to “ult” for the ultimate state only. It is
concluded that a careful evaluation of the tests
and the additional requirement are an improvement for the Su parameter determination. It is
furthermore advised to have sufficient tests and
also larger ranges of overconsolidation ratio.
The determination of the effective friction angle
is not effected or improved.
The comparison between two consolidation procedures showed that the so called SHANSEP
method yields in higher Su values, which can be
significant for stability calculations. It is recommended to investigate this into more detail.
Finally authors would like thank Jan Tigchelaar
of Hoogheemraadschap van Delfland and Henk
van Hemert of STOWA for their cooperation in
this research project.
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