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ABSTRACT

Knowledge of the samdl drain diffness of the heavily overconsolidated Gault
Clay, which has up to 30% of cddum carbonate content, is rather poor. This has
resulted in some difficulties in the andlyds and desgn of dructures condructed in the
Gault. In this Technicd nate, the amdl drain diffness of the Gault Clay is examined in
light of results from triaxid tests with internd smdl dran messurements, published
geophysica data, and the vaues deduced from the back-andyss of the full-scde fidd
obsarvations of the excavation & Lion Yad Cambridge, U.K. Comparisons of diffness
vaues have ds0 been made between the Gault Clay and the non-carbonate heavily
overconsolidated London Clay. The resllts of the examingions have led to the
condusion thet the diffnessdran charadteridic of Gault Clay is highly nonlinear and
exhibits firg yidd a a threshold shear srain of aout 10-5, beyond which the Hiffness
Oeterioraes dramdicdly from an initidly vey high vdue After modest draning the
diffness reduces to vadues comparable to those for London Clay. The Gault Clay
behaves like a low plagiaty day a andl drans but as a high plagicty day a medium
to lage drans This behaviour is probably due to the breskdown of the weskly
cemented bonding causad by the cddum carbonate content.
Keywords: Gault Clay, cabonae, overconsolidated, diffness triaxid, geophysicd,
fidd monitoring, beck-andyss
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INTRODUCTION

The knowledge of Gault Clay is limited, paticulaly regading amdl dran
stiffness. Over the ladt fifteen years, a number of fidd tests have been caried out in the
Gault Clay a Madingley in Cambridge Abbiss (1981) reported some dynamic
messurements of the shear moduli usng shear wave refraction and Rayleigh methods
Powdl and Uglow (1986) used a Machetti flat dilatometer to measure in-situ Soll
parameters of the Gault. Powell and Butcher (1991) compared the in-situ
messurements of shear diffness obtained from sdf boring pressuremeter tests and
geophyscs messurements. However, the fidd messured soil diffness a very amdl
drans shows subgantid scatter depending on what type of ingtu tet was used. An
goparent factor of 4 can be found between the measured maximum and minimum soil
diffness & very amdl| drans

In contragt, few laboratory dudies of the Gault Clay have been reported.
Samuds (1975) reported the undrained shear drength, sress-drain characterigtics, and
consolidation and swdling characteridics of recondituted and undisurbed samples
obtained from the Ely-Ouse Essex water tunnd. Ng and Nash (1995) described the
compresshility charadteridics of Gault Clay from Lion Yad Cambridge They
concluded that the presence of high carbonate content in the Gault Clay does not affect
its intringc and naturd compresshility properties & medium to large drains As far as
the Authors are avare, no laboraory tests on amdl dran diffness vdues for Gault
Clay have yet been reported. This has resulted in some difficulties in the desgn and
back andyds of dructures founded in the Gault, such as the multi-propped excavaion
a Lion Yad Cambridge (Lings & d, 1991; Ng, 1992).

Duing the back andyss of the multi-propped excavdion a Lion Yad
Cambridge in 1991, the first author has conducted a series of finite dement andyses
usng the norHinear Brick modd (Simpson, 1992) to deduce the smdl dran diffness
operating in the fidd during the excavation. The use of the upper bound vaues of field-
determined smdl drain diffness data published by Powdl and Butcher (1991) seemed
to give convinang predictions which match wdl with nealy dl agpedts of the fidd
observations However, it has been dfficult to be absolutdy confident in the amdl
drain soil parameters sHected for the finite dement andyss (Ng, 1992).
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Recently some laboratory tests on naturd Gault Clay have been conducted with
internd amdl dran messurements. In this Technicd note, the amdl drain diffness of
the Gault Clay is examined in light of these laboratory tests and published geophysca
messurements, and the vaues deduced from the back-andyds of the full-scde fidd
obsarvations of the excavation & Lion Yad. In addition, the deduced and measured
and| dran diffness of Gault Clay is compared with some other published data of Hiff
London Clay. The Gault Clay shows a vay high initid shear diffness & vay smdl
gran. This is probably due to its cdum carbonate content.

GAULT CLAY AT CAMBRIDGE, U.K.

Gault Clay wes lad down in southreest England as a result of a widespread
maine incurdon tha spanned the Midde and Upper Albian dages Fallowing the
depodtion of the Gault, the Chak was laid down as the sea water deared and the land
arees dwindled 0 thet less and less tarigenous sediment became avalable During the
Tatiay and Quatenary epochs, uplift and extensve eroson took place and eventudly
produced the present landscape. An edtimated 200m to 400m of Chak had been
eroded (Lings et al, 1991). In the Cambridge aea the thickness of Gault varies
between 27m and 42m.

The Gault in its naurd dae is heavily overconsdlidated, having naturd weter
contents dose to the plagtic limit. It condds of diff to had dlty grey day of high
plagticity (about 50%) and it contains dosdy spaced fissures and joints The top few
metres of day show dgns of weathering, such as cryoturbation. Hard nodules of
phosphaized marl are scattered through the day. The Gault Clay in the Cambridge
area has been reported by Worssam and Taylor (1975) to contain cacium carbonete up
to 30% by weght. Smilar resuits have do been found in the Gault Clay samples
obtained from Essex (Samuds, 1975). Add-base titration tesds were dso caried out
on three samples from Lion Yad and showed that 27.5% +0.2% by weght of cddum
carbonate was present in the day (Ng, 1992).
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DEDUCTION OF SMALL STRAIN STIFFNESS FROM FIELD
MONITORING

For numericd andyss of the multi-propped excavdion in Gault Clay a Lion
Yad usng the non-linear Brick modd (Ng, 1992), an “Sshgped’ curve which defines
the way tha shear diffness vaies with sheer dran was required for an assumed
isotropic soil. To obtain the maximum shear diffness vaue Gpax , @ condant mean
effective dressp’ test with a 1800 of rotation of sress path was used (Smpson, 1992).
Snce no laboraiory measurements of soil diffness a andl drains of Gault Clay was
avalable a that time, the geophiyscd messurements of soil diffness & vary smdl
drans on Gault Clay a Madingley (Powdl and Butcher, 1991) were used in deriving
gopropricte “S-shgped” curves.

Geophysical measurements of shear stiffness

Powdl and Butcher (199 1) reported a large amount of geophysics data of shear
diffness from vaious Ste locations Some of thear daa which are rdevat to the
present sudy are reproduced in FHg. 2. It can be seen that the measured shear diffness
of the two diff days (Gaut and London Clays) usng the Reraction method is
condderably higher than the messurements by the Rayleigh method. On the other hand,
however, both the two geophyscs mehods gave consgent meesurements for
Bothkennar Clay which is a normdly consolideted soft day.

An atempt might be made to account for differences in the goparent shear
diffness by conddering differences in the mode of wave propagation. In Refraction
messurements, a source that in rich in shear waves is usad to generae seismic pulses
traveling through the ground. These saiamic pulses are destribed by Abbiss (1981) as
goproximating to the horizonta propegation of horizontdly polarised dhear waves
which could be manly governed by the shear diffness in the harizontd plane (Ghh).
For the Rayleigh method, continuous surface waves generdted by a vibrator have
dlipticd patide mation in the vaticd plane containing the direction of propagation.
The vdoaty of the waves traveling through the plane is manly controlled by the sheer
modulus (G,y) in the veticd plane. Thus these two geophysicd methods messure
dhexr diffness in different planes The obsarved differences in shear diffness for these
two heavily oveconsolidated days might therefore be mainly atributed to anisotropy.
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Although the combined efect of pulse broadening and anisotropy on the veodty of
wave propagaion could result in the pulses travdling up to 1.7 times fader then the
continuous Rayleigh shear waves (Abbiss 1981), it remains difficult to fully recondle
these diverse ingtu measurements

Selection of an equivalent G4, value for numerical analysis

For sdecting an approprite Gp,,, vaue in conjunction with laboratory
messurements of shear diffness & medium drains to model the excavation in Gault
Clay, paametric dudies were caried out by vaying the Gp,, Veue within the
meesured upper and lower bounds (see FHg. 1). The computed results were then
compared with the fiedd obsarvations a Lion Yad.

For achosen Gy, vaue a best fit “Sshaped’ curve was dravn through the
Gpmax Vaue and the laboratory meesured tangent shear stiffness (G,) of reconsolideted
naurd Gault Clay specmens a& condant mean effective dress p (Ng, 1992). The
derived upper and lower bound “S-shgped” curves for the parametric dudies are shown
inHg. 1

Hg. 3 shows the compaison beiween the computed and messured wadl
displacements during the first and sscond dages of excavation, in which the vaues of
gndl dran shear diffness weae rdevat. The reats of the parametric dudies
uggesded tha andyss with the lower bound “Sdheped” curve subdantidly
overcomputed the measured wall deformeation by a factor of about 3 and 1.5 a the end
of the first and the seoond dages of excavaion respectivdy. This subdantia
overcomputation of laterd wal displacements was atributed to the low initid giffness
specified. Detals of the parametric dudies are described by Ng (1992). In contradt,
andyds with the upper bound “Sshgped’ curve predicted wal digolacements which
were in ressonably good agreement with field obsarvations a dl three dages of the
excavation (se FHg. 4). This led to the suggestion thet the Gault Clay operated & high
diffness a& vary amdl drains during the firg two Sages of excavation.

Based on the comparison of the results of finite dement andyss and the other
field observation data (Ng, 1992), the upper bound “S-dhaped” curve was bdieved to
be the mogt appropriate one for the Gault Clay in Cambridge.
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LABORATORY MEASUREMENTS OF SMALL STRAIN STIFFNESS

Recently naurd Gault Clay samples abtained from Madingley have been tested
in a refurbished of Bishop and Wedey type of hydraulic triaxial stress path apparatus at
Cambridge (Desari et d, 1994). Fallowing the concept firdly developed by Goto et al
(1991), local deformation transducers (LDTs) were implemented with some
modifications for the messuremants of amdl drain diffness. These modifications

(Bolton et d, 1994) include:

1. the use of eght drain gauges indeed of four to reduce heat generation during a long
tes,

2. modification of the reception cormer of each hinge atachment for cydic teds

3. adoption of a 16-bit andog to digitd daa acquistion card indead of a dandard
12-bit one.

The working prindple of LDT essatidly is vay smple Two thin drips of
phosphor bronze are drain gauged and these drips are then atached directly to the
member of a gpecimen on which two hinges are firdly glued. On each drip, one full
Wheatdone hridge drcuit with eght drain gauges ae mounted. As the soil sample
deforms, the digance between the two hinges changes as does the curvature of the
LDTs. The bending drains of the LDTs are then recorded. These bending gtrains can
be converted to axid drains on the gauge length after the LDTs have been cdibrated
before and after the tess Full ddalls of the traixid gppardus, the devdopment and
cdibration of the LDTs a Cambridge, and the laboratory preparation and tesing
procedures are given by Dasari e gl (1994).

Hg. 5 shows the messured dressdran curve for a typicd soil gpecimen
sheared a condant p'. The dress paths followed were (i) isotropic consolidetion to
p'=200 kPa (a A), (ii) isotropic unloading to p'=100 kPa a B, (iii) shearing during
axid compresson with the dress path having rotated 90° to reach q=30 kPa (at C),
(iv) axid unloading leading to 1800 rotation of dress path to reduce  to zero (a B).
Fig. 6 shows the variaion of the normdized tangent shear modulus with logarithm of
shear Strain. As expected, a 1800 of rotation of dress path gave a iffer reponse then
a 90° rotation.
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DISCUSSION

It is encouraging to see tha Gy vaues deduced from triaxid compresson tests
and the back-andyss of fidd displacements are very conagtent, as shown in Fig. 7.
Both of them illusrate the rgpid loss of the initidly high liner dadic Hiffness when
grain exceeds a threshold of about 10-5- This sharp onset of firgt yielding is not seen
from published test results on other UK Hiff soils such as London Clay and glacd till
(Powell and Butcher, 1991). The threshold shear strain of 103 is a factor of 10 smdler
than the reported vadue for naturd overconsolidated Todi Clay which has a carbonate
content of about 27% and pladicity index of 28% (Georgiannou et g 1991). They
reported that the vdue of threshold shear drain for days increased with plagtiaty
index.

Al shown in Hg. 7 are some published data of London Clay. It can be seen
that the measured shear modulus of Gault Clay & very andl drans is congderadly
higher than London Clay. This may be atributed to the carbonate content of the Gaullt.
For medium to rddivey large srains both days exhibited a smilar magnitude of shear
diffness, as expected. This is reminiscant of the obsarvations of Atkinson et al (1990)
on atifiddly cemented sand which was four times differ than uncemented sand a
gndl drains but which revated to the diffness of uncemented sand after modest
draning.

Jardine et g] (1984) reported diffness measurements a& smdl grains for a range
of oils For Chak and low plagticity days, the measured normalized Young's modulus
E, over undrained shear srength c,, ratios are ranging from 2000 to 4500 a an axid
drain of 10-5, Assuming undrained and drained shear moduli are the same, one can
express the obsaved diffness of Gadt Clay in taems of Ej/c,. Fdlowing the
asumption, the Ey/cy ratio for Gault Clay a vey smdl dran (less then the threshald
vaue) can be found to be about 3000. This seems to suggest thet cacdum carbonate
camentation of the Gault Clay causss it to behave like a low pladidty day a vey
gndl drans, but tha its diffness revarts to thet of a high plagicty day a lager
grans once the bonding has been broken.
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CONCLUSIONS

The amdl dran diffness of Gault Clay hes been examined in the light of vaues
deduced from geophysca messurements from full scale fiddmonitoring via finite
dement andyds and from laboraory measurements. Shear diffness determined from
the saiamic refraction method hgppened to correspond quite well with values deduced
from fiedd monitoring & veay smdl drans wheress Rayleigh wave determinations
were much less diff, possbly due to srong anisotropy of the day. Triaxid teds on
reconsolidated Gault Clay also correspond wel with the vaues from deduced fidd
monitoring, and for the whole range of the “Sdhaped” curve In view of this evidence,
it can be conduded thet the diffnessdrain charadteridic of Gault Clay is highly non-
linear and exhibits firgt yidd a a threshold shear srain of about 10-5, beyond which the
diffnress deteiorates dramdicdly from an intidly vey high vdue After modest
draning the diffness reduces to vadues compaadle to those for London Clay. The
Gault Clay behaves like a low pladiaty day a smdl drans but as a high pladiaty day
a medium to large grains It is proposed thet this behaviour is due to the breskdown
of the weskly cemented bonding causad by the about 30% cddum carbonate content.
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