Aalborg Universitet
AALBORG UNIVERSITY

DENMARK

Some Tests on Heather Field Moraine Clay

Jgrgensen, Mogens B.; Jacobsen, Moust

Publication date:
1979

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):
Jargensen, M. B., & Jacobsen, M. (1979). Some Tests on Heather Field Moraine Clay. Institute of Civil
Engineering, Aalborg University Centre. Rapport No. 14

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

- Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
- You may not further distribute the material or use it for any profit-making activity or commercial gain
- You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at von@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: March 20, 2024


https://vbn.aau.dk/en/publications/82a0da0e-9f29-4ade-829b-dc52d2cda599

Testno 1. Sample noB3-9
5 50 500 5000 kPa
¢ - >‘
o

\

SEPT. 79

MOUST JACOBSEN

(U]
2
o W
=
z 2 Ll
g 35 7 I g,= ' 200 kPa
w > { ‘
xE g | Os= 200kPa
8
c u - Eadp~ 2%
w S i ey
Wi s Opc= 1500-2000 kPa
kO X |
2 sl
2o < 10
= .
2] (]
238 Ve
RAPPORT
NO 14 SOME TESTS ON HEATHER FIELD MORAINE CLAY



Some tests im Heather Field moraine clay

This report deals with oedometer tests and triaxial tests on three
samples of moraine clay from the Heather Field in the English part
of the North Sea. The tests have been carried out in the very un-

elastic apparatus used in Denmark and with special test procedures

differing from the ones used elsewhere.

In Denmark moraine clay covers a large part of the surface, and

it has therefore been investigated extensively in the field and in
the laboratories during the last 25 years. It is to day - from a
geotechnical point of view - the best known clay in Denmark. It
could therefore be of some interest to compare the English North

Sea moraine clays with the corresponding Danish Moraine clays.

The Danish test procedures are explained in details and some com-
ments are given in the hope that they may not be banalities all
of them.

The main results are that the sandy moraine clay from depths of
4-17 m seems to be very similar to the strongest Danish moraine
clays and that it should be possible to use many of the Danish

results.

Laboratory tests

Three samples of diameter 55 mm and lengths 100-120 mm have been

investigated:
Borehole Sample_no Depth
B3 : 9 16.9 m
B3 17 1 36.1 m

B1 10 ’ 7.0 m



The grain size distribution envelopes for the English moraine clays
as determined in England are compared with the distribution of the

best known Danish moraine clays in Fig. 1.

It is seen that the distribution envelope for moraine clay from a
depth of 4-17 m in the North Sea (corresponding to sample B3-9 and
B1-10) covers the distribution envelope for the investigated Danish

moraine clays.

The pore water has been analysed for salt concentration (1.9% NaCl)
and water with that salt concentration has been used in swelling

tests.

In Fig. 2 is shown a summary of samples and tests dzscribed in
this report, including the natural water content W correspond-

ing to Sw = 1, the specific gravity ds and the void ratio.
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Fig. 1. Grain Size Distribution Envelopes.



Borehole B3, Sample no 9, Depth 16.9 m, over burden pressure C~ 200 kPa

Moraine clay,

sandy, very silty

w, = 96%
e = (0.25
d = 2.66

-
_
.

‘Test no 8. Triaxial test

Measurement of undrained shearing strength

Test no 1. Oedometer test
Measurement of preconsolidation pressure Opc
and swelling pressure O

Borehole B3, Sample no 17, Depth 36.1 m, over burden pressure G&,n 400 kPa

Moraine clay,

rather fat,
silty

w, = 185%
e = 05

d. = 270

_

.

)

Test no 7. Triaxial test
Measurement of undrained shearing strength

Test no 4. Oedometertest
Measurement of strain properties.
Reloading curves

Test no 2. Oedometertest
Measurement of preconsolidation pressure Opc
and swelling pressure Og

Borehole B1, Sample no 10, Depth 7.0 m, over burden pressure 0695 85kPa

Moraine clay,
very sandy,
silty

many stones

Difficult to
prepare for
testing

]

W, 10.1%
e = (.27

d. = 268

_
.

|

Test no 6. Triaxial test
Measurement of undrained shearing strength

Test no 5. Oedometer test
Measurement of strain properties.
Reloading curves

Test no 3. Oedometertest
Measurement of preconsolidation pressure Opc
and swelling pressure Og

|
f

Fig. 2. Samples and tests mentioned in the veport.



The preconsolidation pressure Géc

The vertical preconsolidation pressure oéc is determined in ordi-
nary oedometer tests by means of very "unelastic" oedometers,

described in [3].

" Three tests with A,
at pressures as much as 13000 kN/m?. In such tests the preconso-

= 10 cm? and h, = 2 cm have been carried out

lidation pressure Oéc is exceeded by a factor 5-10 compared even
to the most heavily preconsolidated natural clay deposits. The
compression curves are plotted with o' on a logarithmic scale in

Fig. 3.

The slope of the virgin compression line (the compression strain
indéx Q) can be determined as accurately as for normally consoli-
dated clays. This quantity can of course not be used in practice
because of the heavy preloading, but it is not possible to find )

the preconsolidation pressure Uéc without the virgin line.

The compression index Cc =.Q(1 + eo),can be compared with some
Danish results on moraine clays and Fig. 4 shows close agreement

between the moraine clays from Denmark and the North Sea.

The preconsolidation pressure Gﬁc can not be determined accurate-
ly because of adaption deformations which take place at the first
part of the primary compression curve. The adaption deformation
is estimated and the pressure corresponding to the virgin com-
pression line is taken as the preconsolidation pressure. The main

results of the three tests are:

Sample Depth (m) Test no ol (kN/m?) OCR
B 1-10 7 1 3 - - 1500-2000 w30
B 3- 9 17 1 1500-2000 10

B 3-17 36 2 2000 5



Testno 1. Sample no B3-9

Test no 2. Sample no B3-17
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Fig. 3. High pressure oedometer tests. Fig. 4. Compression index.



” 2
0 D % "\5 10 20 50 100 zoo}g

\ \ 5;: 7CM
) He— \

t
\\ . S0 2 % 1.? 0 60 7 80 0 w0 w0 m
S i o 67T \ G
i ™ |
o — i — AN e
! o=
N | - & RN — ] 7cM ] 3% ||
NTACT SAMPLES - | BICM | 7%
l-— | 65cM | 17

E\_\ 032 —[

14 ) - J
1% el e D#65CM ’
I ] N, REMOULDED
l———TEST WITHOUT RING AND RECOMPACTED
SAMPLE -

18" . I | | \E\ea:fm
%Q B o o, SI : \

g, Vv

Fig. 1.6 Some primary curves found in the same oedometer Fig. 1.9 The effect of the preparation of the sample on the
for the same kind of moraine clay, but with different dia- reloading curves. Kratbjerg moraine clay.

meters of the samples, The diameter of the ring is seven cm.

Kratbjerg moraine clay. 3

Comments

The shape of the primary compression curve is influenced very much by the pre-
cision of the preparation cof the sample. Morain clay samples contain sand

grain and small stones which make the surface of the sample rough. The sample
therefore had to be prepared with a somewhat smaller diameter than that of the

oedometer ring.

The first part of the primary compression curve does not represent an ocedometer
test with no lateral deformation, but rather a kind of a compression test.

Fig. 1.6 (from GIB 27) shows the influence of sample preparation on the primary
compression curve. The maximum pressure load Oﬁax equals the preconsolidation
pressure Oéc' It is obvious, that the use of a sophisticated method e.g. Casa-

grandes, does not lead to a relevant result.

Therefore the three preliminary tests have been carried out mainly to deter-

mine the preconsolidation pressure.

Since the virgin curve is a straight line in figur 3 the oedometer ring must
function at pressures exceeding Uéc. The reconstruction of the stress history

ensures a perfect adaption of the sample to the testing apparatus.

Recompression curves can not be used, becapse O&ax exceeds Oéc by a factor of

5-10.



Swelling pressure

The three above mentioned tests were performed just after the

unpacking of the samples with their natural water content.

The tests were set up with dry filters and a small vertical
pressure was applied. Then the filters were filled with water
and swelling of the sample prevented by applying vertical press-—

ure to balance the swelling pressure.

Test no 1 and 2 show, that the swelling pressure nearly equals
the vertical in situ pressure. It means, that the horizontal and
vertical stresses are equal, when OCR = 5-10, which seems reason-
able (Fig. 2.22 in GIB 27).

Test no 3 was performed with a very sandy moraine clay, and
shows a swelling pressure less than the in situ pressure. This

is probably due to the low capillarity of the sample.

Comments

By sampling, the effective overburden pressure will partly be transferred
into suction in the pore water. The mean effective pressure will remain near-—

ly constant.

The suction, however, can not exceed the ‘maximum capillary forces in the
sample. In very sandy Danish moraine clays the capillarity normally

does not exceed 100 kN/m?. The measurements are mentioned in [2], which has
not been published in English. Since test no 3 is carried out on a very san-
dy moraine clay, very similar to Danish moraine clays, the very low swelling

pressure could correspond to the capillarity of the sample.

Storage or preparation of the sample will increase the suction due to parti-
cal exsiccation, and the swelling pressure is therefore measured on fresh

samples only.

" Recompression curves

Two oedometer tests have been carried out with samples with

AO = 19.6 cm? and h0 = 2 cm.

The stress history was reconstructed by using a maximum load of
oéax = 2000 kN/m?, which equals the preconsolidation pressure

Géc. Then the sample was unloaded to 0; and recompressed until



Oéax = 2000 kN/m?. This procedure was repeated 3 times in test

no 4 and 5 times in test no 5, but with different values of c&.

One value of 0& equals the in situ pressure 94

The vertical load doubled at each step of the recompression and
decreased by a factor of 2-10 at each step of the unloading.
.Test no 4 consists of 22 steps, test no 5 of 42 steps. These
tests are shown in the normal way in Fig. 5, and further de-
tails are shown in a speciai way in Fig. 7 and 8, using strain

increments as defined in Fig. 6.

All unloadings in a test can be represented by the same curve -
Asu versus 0' - since the maximum load Uan is constant. During
unloading friction can develope between the pistons and the oe-
dometer ring. The wvalue of Aeu then corresponds to a pressure
bigger than measured and the point would be placed below the
curve. Therefore the curve has to be drawn through points with
the relatively largest strains.

The recompression curves are shown in a Asr versus o' diagram.
The curve is found to be upwards concave for OCR 2 5 and upwards
convexe for OCR = 5 for Danish moraine clays in case no friction

occurs [2].

The curves can be influenced by friction developed during un-
loading (see test no 4, recompression no 3) or reloading during
the first steps, but friction seems not to be important for the

rest of the curve.

The black lines in Fig. 7-8 have not been fitted to the observa-
tions, but take friction into account. The curve used is nearly

the same as that for Danish moraine clay.

In settlement analysis the recompression curves should be used,
but using test results from the very stiff apparatus used in
Denmark, we found that the recompression curves underestimate
the settlement because lateral movements are prevented in the

" oedometer.,

It was also found, that if the initial tangent modulus Kt is
used, we got close agreement between settlement observations
and calculations (GIB 27, pp 42-44). In table 1 is shown the un-

loading pressure G&, oéc corrected for friction, OCR and Kt‘
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Oedometer tests with recompressions.

The moraine clay used in test no 5 seems to be very similar to

the Danish Carlsberg moraine clay. They have nearly the same

grain size distribution, preconsolidation pressure and natural

water content.

K, can be expressed by
_ 0 PP |
Kt - Kt & AKt Ouc )
10 100 1000 10000 kN/mz2
Oy ~Ope O
°F T
L AE [
Ec
AE
3 €00

Fig. 6. Definition of stresses and strains.
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Table 1
Recom- gt a! OCR K
i u uc ] €
pression
no kN/m? kN/m? MN/m?
‘Test no 4 1 755 75B 2.6 520
ol = 400 kN/m? 2 405 405 5 520 ?
205 330 6 195
Test no 5 1 405 405 5 800
o) = 85 kN/m? 2 205 205 10 400
3 105 105 20 225
4 55 80 25 185
5 55 55 36 150

For Carlsberg moraine clay K is 57 MN/m? and AK_ = 1700. In
Fig. 9 the values from the table 1 are plotted and compared with
the line, eq. (1) for Carlsberg moraine clay and the agreement

is perfect.

my A K,

400 )

/ o Heather Field B1-10
200 ' - Carlsbergr, Denmark

100 //,//6

e Qu

= : >
0 ' 100 200 - 300 - 400 kN/m?

300

0

E
Ei., 8 K, from test no & compared with K, from tests on Carlsberg

moraine clay.
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The moraine clay used in test no 4 has a higher clay content
than I am familar with. The results seem not to be in accordance
with eq. (1), but this formula has never been used for OCR < 8
for Danish moraine clays and the two identical Kt values in re-

compression 1 and 2 could be a consequence of the low OCR values.

Comments on sample preparation

In Fig. 1.6 was shown the influente of the adaption deformations on the pri-
mary compression curve. The samples were afterwards unlocaded to the same

value of Ga and regompressed. The result is shown in Fig. 1.9 and shows that
the adaption deformations are "forgotten" during reconstruction of the stress

history.

Comments on maximum load g
max

The influence of maximum loads was measured on another moraine clay with a
preconsolidation pressure of 120-160 kN/mz. Fig. 1.10 shows that when over-
loading the sample (here U&ax/Géc = 15) the recompression curve shows re-

moulding effects. After some months at maximum load the normal behaviour of

the sample was reestablished.
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Fig. 1.10 Remoulding and ageing effects. Sabro moraine clay.

It means, that remoulding is due to large volume changes, which have taken

place in the tests described in Fig. 1.10, but not in Fig. 1.6 and 1.9.

Another result, which has not been published in English, shows that when

o' /o' " 0.8-1 the recompression curve is not influenced by ¢'__.
max’ pc : ] max

Therefore it is better to use a maximum load gﬁax which is a little bit less

than O'c than to use a maximum load exceeding déc.
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Comments on test procedures

Tests have been performed with many recompressions and the influence of de-
creasing or increasing values of 0& have been investigated. The influence of

repeated compressions have been investigated too.

The result was, that it is possible to make as many recompressions as wanted
and in arbitrary order. But it is necessary to load the sample until oéc in

every recompression.

The undrained shear strength ey

Undrained triaxial tests have been carried out with samples of

diameter and height equal to 50 mm.

The pressure heads are smooth and with 80 mm diameter. Special
membranes were made as the diameter of the sample was 20 mm
smaller than normally used. To ensure an effective connection
between the pore water and the measuring system the filter con-
sisted of four surface drains extendihg from one pressure head
to the other. The water can be washed through the drains and
air bubbles effectively removed. Further details are given in
[3].

Undrained triaxial tests consist of two parts. First the stress
history is reconstructed isotropically under drained circum-
stances by loading the sample stepwise to a certain pressure
0;2 and then unloading to the pressure U&m corresponding to the
in situ pressure. In the second part of the test the undrained

deviatoric loading takes place.

The procedure used in Denmark is different from the one used
elsewhere. Instead of measuring the pore pressure at constant

cell pressure, the cell pressure is varied at constant volume.

A very fine capillary tﬁbe is used to measure the volume in or-
~der to keep it comstant. Since no water flows from the sample to
the capillary tube the pore pressure is equal to the atmospheric
pressure [l]. The effective pressures are therefore measured
directly. |

The isotropic preconsolidation preséure oég is smaller than the

vertical preconsolidation pressure ch as determined from oedo-
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metertests. It has been shown previously that only the mean nor-
mal stress causes preconsolidation [6] (creep effects are not
included in that argument). And the coefficient of earth pressure
at rest KO has been determined to 0.3-0.4 in the normally con-

solidated state. It means that Oé? can be calculated as

il
pc -

W =

(L + 20.4)0' Y 0.6 o
. pcC pc

which means that in present testsrcgg = 1200 kN/m?2.

During unloading the horizontal stresses decrease more slowly
than the vertical stress, and for OCR ~ 5-10 an isotropic state
occurs. That means, that for a certain OCR value, it is correct
to use undrained tests with initial isotropic stress conditions.
The stress condition corresponding to the natural state can be
determined in the laboratory by means of either a special oedo-
meter or a conventional triaxial apparatus, in which case though,
the procedure is very cumbersome. In Denmark the undrained tests

start from the isotropic state.

Reconstruction of the stress history has the main effect of
erasing the memory of the sample. It means, that it is possible
to repeat the undrained test procedure with the same sample and
get the same result, since the void ratio is unchanged. Undrain-
ed multiple stage tests could therefore be performed on precon-
solidated clays. It is valid only for small deformations (el <
5-10%) .

Three undrained tests have been carried out (Fig. 10), Test no

6 stage 1 has to be rejected because the upper pressure head
tilted, causing the sample to move sidewards in stead of getting
compressed. Stage 2 gives too small shear stresses because of
the large deformations in stage 1. In test no 8 two stages were

carried out, and the deformations in stage 1 exceeded 15%.

The main results are

Sample Depth (m) Test no Fig. no cu(kN/mzf
B 1-10 7 6 10 >600
B 3-9 17 8 i 10 1000

B 3-17 36 7 10 2530
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Test no 6B, second stage. First stage r’ejected.
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Some comparison can be made with Danish results.

1. Danish moraine clays have a cu/oéc ratio of ~0.25. [5]. The
best test (B 3-9) shows, that cu*is relatively high, but B 3-17

seems to be in accordance with Danish results.

2. The Carlsberg moraine clay has c_ = 750 kN/m*, ¢' 33° and

c' = 72 kN/m?. In undrained tests the stress path can be used to
find ¢' and c¢' if it is assumed that the failure condition is
represented by an asymptote.lFig. 10 then gives: c, = 1000 kN/m?,
o' = 36° and ¢' = 64 kN/m?2. |

The sandy moraine clay from Heather Field seems to be a little
bit stronger than the Carlsberg moraine clay, but the deforma-

tion properties seem to be equal.
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Q type 1
C

type 2
D

i

layer mid-depth in situ preceonsolidation overcompression initial transmitted settle~
pressure pressure ratio tangent load ment
< ¥ 1 o' 5

Z DO Gpe 7 O(‘:R Kt A )
m KN/m? KN/m? MN/m? kN/m? mm
A 60 1800 30 160 250 16
B 15 180 1800 10 360 270 7
Cc 30 360 1800 5 330 280 17
D 50 600 1800 3 330 250 15
Gt = Gi + rSC= 55
Example

Settlement analysis. The initial tangent method.

A simple off shore construction is shown in the figure. It is circular, has

a diameter of 100 m, and transmits a mean load of 500 kN/m2 to the ground.

The geological structure consists of an upper layer of moraine clay like that

in sample no B3-9 of thickness 20 m and a layer of moraine clay like that in

sample no B3-17 of thiékness 40 m. Below the moraine clay are sand deposits.

The total settlement is calculated, including the initial settlement.

The stress distribution corresponds to an infinite elastic layer. The real

stress distribution is more concentrated and the real settlement is somewhat

bigger than calculated in the example.



Oedometer tests
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Test no 1 Test no 2 Test no 3 Test no 4 Test no 5

load c' £ € g’ N a! €, Lir =N

no kN/m? % % kN/m? $ kN /mZ % kN/m?2 %

1 5 .08 -.11 5 .0 =} 7S -0

2 15 .09 -.13 15 .01 17:5 sl 30 .18

3 30 .10 -. 14 30 .01 30 5 w37

4 &5 .02 -.09 55 .07 55 .09 105 77

5 105 .09 -.07 105 45 105 .14 255 1.65

6 205 11 .00 205 .85 255 +33 5C5 Sl

7 405 .83 .14 405 1.60 505 .64 1005 3.13

8 805 S 75 805 2.50 1005 1.39 2005 4.18/4.861

9 1505 2.75 1.92 1505 350 2005 2.90/3.15 1008 4.797
10 3005 4.15 3.98 3005 4.75 775 2.662 405 4.633/4.566
11 6005 5:95 6.65 6005 6.35 1255 2.831 755 4.597
12 12005 8.25 10.0 12005 8.10 2005 3.153/3.281 1255 4.692
e 18005(9.73/10.42 12.0/12.55 18005 9.4/10.6 405 2.376/2.273 2005 4.831/4.942
14 805 8.51 9.5 300 J0.1L5 755 2:331 755 4.869 -
15 5 .02 2.65 50 9.25 1255 2.537 205 4.569/4.504
16 10 8.4 2005 2.898/3.220 405 4.536
17 205 2.209 755 4.631
18 405 2.303 1255 4.758
19 755 2.639 2005 4.803/5.043
20 1255 3.092 405 4.881
21 2005 3.531/3.675 105 4.603/4.371
22 105 1.656 205 4.386
23 405 4,497
24 755 4.644
25 1255 4.825
26 2005 4.967/5.074
27 405 4.906
28 55 4.258/4.200
29 105 4.197
30 205 4.264
31 405 4.431
32 755 4.619
33 1255 4.819
34 2005 5.003/5.089
35 405 4.936
36 55 [4.417/4.370
37 105 -

38 205 4,408
39 405 4.551
40 755 4.703
41 1255 4.883
42 55 4.446




