“THE EFFECT OF FISSURES ON THE SHEAR
STRENGTH OF BLUE LONDON CLAY” *

BY
M. L. MYRIANTHIS

Synopsis. The present paper deals with the effect of fissures on the shear
strength of Blue London clay. During tunneling operations in London’s under-
ground, samples were collected from the depth of 30 m. and consequently tested.

The laboratory results indicates a remarkable difference in shear strength,
which attributed to the inclination and orientation of the fissures. The paper
also describes a summary of existing theories and observations and an attempt
was made to emphasize the meaning of fissures existence in clay for certain
Geotechnical situations.

ITegldnypg. "And paxgod xpbévov Semotddn ) énidoacic tiig Umdplewg pixgo-
ewypndv évidog tot LONDON CLAY eig tag Lddtntag Gvroydis adrob. To meéfinua
ngoceyyiodn Bewpnrindg, GALG xvplwg éx tdv éQyacinpiaxdv aGmotedsopdrov diagdomv
Soxnwp®dv #otéory Ouvatdvy va EEoybodv yevinwiégug gioewg ovpnegdopata. Olrwg, #
avioxd tol €v Ady® VAol Dewgeitar ¢ ouvAQINOLE TOV HOQPOAOYLXDY YAQUKINQLOTL-
*@v TAY QUYP®Y, tol yedévov magapovijg TOV Soxipiov Evidg TdV megapoTix@dv Siatd-
tewv, &% tob Padovs &x 1ol dmoiov td doxipia mpoépyoviar xai éx tol mpocavatoht-
opod tod émunédov tdv ewypdv. "Ev mooxeipéve éneonudvin éoyastnoioxdg, f diagogd
elg thv TNy tijg dvroxfs elg dudtpnowv tod LONDON CLAY, dverdywg Tob mpocava-
tohopol tdv doxipiwv — xai xatd GUvEnELav TGV QWYUDY — B¢ QOGS TNV GTEMOLY TWV.
‘H nagarnendeica Siogopd eig tiv Satpntiniy dvioxnv cvuguvel ningwg :

a) Mé& tdg moQatnenoels tod AGARWAL ®O¢ 7Qdg tdv mpocavatohtapdv tdv Soxt-
xplov, xai

B) M& tdg Um0 tob MARSLAND mnpotadeigag tuuds Swarpntiniic dvroyfig S 1o
Babog éx tob oOmoiov ta delypara éAnginoav.

'Exqidn, éni mAéov, oxbmpog 7 mogddeotg év ouviopie TOV *VoLTEQWY ANSPEwY
%ol magarnonoewy Jwagdowv Egevvntav, ¢ xai 7) onpacio i dndplewg TV puxgo-
ewypdv elg ta xafaeds épnonoopéva yewtexvixd mofAnuata.

INTRODUCTION

The existence of fissures in clay and their influence on the strength
parameters have been ascertained years ago from the pioneers K. TER-
ZAGHI (1936) and A. SKEMPTON (1948).

When TERZAGHI examined the stability of clay slopes his atten-
tion dropped on joints and fissures as well as on the mechanics of the
process of softening due to these small structural features.

* M. A. MYPIANOH.— < 'H énidoaoiwg t@v pixgoowypdv éni tiig dvioxfls elg dud-
tunow tob London clays.
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Nevertheless landslides in such clay occur as soon as the shearling
stresses exceed thie average shearing resistance of the fissured clay. In
fact the softening phenomenon and the'decreasing of the average shea-
ring resistance from a reasonable value during the excavation time to
comparatively small values at the time of landslide have become existing
problems for either engineers or geologists.

However, a large scale effort was made to find out, as detailed as
possible, the degree of influence of fissures as well as the decreasing of
the strength of the clay in open excavations and cuttings due to softe-
ning of the clay along fissures.

THE GEOLOGY OF THE LONDON BASIN

The clay which underlies most of the Loondon Basin is a stiff, fis-
sured, overconsolidated, blue-grey clay, and was called the «IL.ondon clay»
by W. Smith in 1812. The sediments were deposited under marine con-
ditions in the Eocene period, and subsequently the Claygate Beds, follo-
wed by the Bagshot, Bracklesham and Barton Beds were deposited. These
were all predominantly sandy beds with occasional clay layers. However,
uplift and erosion in the late Tertiary and Pleistocene have removed
most of the overlying beds and half to two thirds of the London clay
itself ; and only in a few areas do any of the overlying beds remain
(BisHOP et al, 1965).

Much of this erosion took place at intervals during the Pleistocene
glaciations, and following each period of down cutting, terrace gravels
were deposited by the Thames. The alluvium which overlies the Flood
Plain gravels is a recent post-glacial material and contains Neolithic as
well as Roman remains. The amount of material removed by erosion
varies from place to place. SKEMPTON and HENKEL (1957) quote a pre-
consolidation load of 2145 KN/m?* for the central London area suggesting
a removal of 170 - 230 m of material. The London clay itself consists of a
lower sandy clay, varying from o-3 m thick, known as the Basement
Bed. This is overlain by a blue-grey clay, varying from 30-170 m thick,
which is the Loondon clay proper, and finally near the surface is the
brown clay, varying from o-10 m thick. The sands and gravels pre-
viously mentioned overlie the L.ondon clay in many areas, as does allu-
vium near the Thames, and soft marsh clay and peat near the sea. The
upper layer is yellow-brown near the surface to grey-brown at depth due
to oxidation of the iron salts in the blue clay, probably when the ground
water level was low. The structure of the London clay on a regional
scale has the form of a very gentle syncline with some minor folding in
places (WARD et al, 1959), although dips of more than 3 degrees are
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rare. This brief description of London’s Geology — based on P. Grey’s
dissertation (1972) — was necessary in order to realize the material in
which the test was carried out.

THEORIES AND OBSERVATIONS

The existence of discontinuities is characteristic of a heavily over-
consolidated clay (TERZAGHI, 1936) and joints and fissures are thought
to have been formed by stress release as a great deal of the overburden
was eroded. This is in agreement with field observations as the mean
size of the fissures decreases and the number per unit volume increases
as the upper surface of the clay is reached (SKEMPTON et al, 1969).

Relating to the softening of the clay along fissures SKEMPTON
(1964) suggests that the shear stresses field tends to concentrate in joints
and fissures creating a concourse field with a resultant stress greater
than the shear strength of the clay. Obviously, this occurrence leads to
the progressive failure. Yet, it might be taken into account that these
discontinuities are local anomalies of the clay concerning it as a solid
mass and their strength, is less than the strength of the adjacent
material.

Opinions of many authors suggesting the dependence of strength
value from the sampling technique and from the length of time that
the clay remains in the sample tube under particular stresses. Thus,
(WARD et al, 1959) showed that the extraction of the samples from the
ground can lead to considerable disturbance and hence weakening of the
material (WARD et al, 1965) also pointed out the time factor, proving
that strengths obtained from plate loading tests 4 - 8 hours after excava-
tion were only 85°/, of the strengths measured after o.5 hours, and
that the strengths measured after 2 5 days were only 75°/, of the initial
strength.

Many times the strengths determined in the laboratory are consi-
stently different than those in the field. Although, the observations
indicate this discord, undoubtedly, a useful index is the ratio of overall
strength for short-time periods to the strength measured in laboratories
after careful sampling and specimen preparation. The range of values
of the above mentioned ratio varies from 50 °/, to 75 %, in case of large-
scale loading tests in situ. AGARWAL (1967) investigated the problem
of size and orientation of samples and found that generally the strength
of the London clay decreases with increasing size of sample, and that
the strength of sample varies considerably with respect to the orienta-
tion of the sample ; horizontal samples being the strongest and vertical
being the weakest. This conclusion is in a good agreement with the
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present work, when we verify Agarwal’s observation and also found that
this is still valuable even in a depth of 30 m. where the overburden
ranges in considerably higher values. As far as we were concerned, three
large projects were carried out to investigate the effect of joints and
fissures in the London clay.

The first project took place during the construction of the Ml
motorway near Edgware in the North part of London with results
summarized by SCHUSTER (1965).

The second one was made at Wraysbury during the construction of
a new reservoir with results published by (SKEMPTON et al, 1969).

The last projecd was baset on the detailed investigation made in a
deep shaft at Ashford Common (WARD et al, 1965) which concerned
the first comprehensive study of the London clay in depth.

Comparison between the results of the laboratory and in situ tests
indicated that the lower values measured on small specimens, in the
laboratory, were more representative of the large-scale strength of the
clay than the average values from such tests (A. MARSLAND, 1971).

LABORATORY TESTING ON STIFF FISSURED LONDON CLAY

During tunneling operations at the first stage of a new underground
railway construction in London’s underground system we had the
opportunity to collect samples from the tunnel’s working face. The

TEST RESULTS

CROVP a, G403 | 9=03 | % jstram, | © 9
2 2 KN/m2 | o  |KN,m2 IDEGREES
490 743 253 506 4.33
2 650 898 249 497 8.00 L
E 700 945 245 489 | a5 235 1026
u 780 1097 317 634 5.90
; 400 812 412 825 433
§ 440 893 452 905 5.38 | 400 o° 26’
& 620 985 364 729 4.85
§ 760 176 416 833 5.38

depth in which the cavity was located was estimated at about 30 m. and
the overburden pressure for that depth and clay was approximately
686 KN/m*. In that depth the clay was blue, stiff and fissured. The
fissures were very small between 1.5 and 4.5 cm. in size with strike
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directions not showing any preferred orientation and with dips that
tended to concentrate at inclinations to a bedding of less than 15° and
between 75° and go°.

The fissures in shape are plane, curved or irregular, and have
generally rough texture. At least we should suggest that this was a
predilection of a disposition in sub parallel to bedding horizons of these
fissures. In that depth of 30 m. the clay was in a more overconsolidated
state.

Laboratory results show the following characteristics of this clay,

Moisture content: 25°/,

Bulk density: 1935 Kg/m®
Liquid limit: 76°/,
Plastic limit: 33"/,

Consolidation (loading intensity): 1700 ~ 1800 KN/m®
Permeability (falling head): 1.9 ~2.2 X 107 mm/s.

However, samples on 38 mm diameter specimens from both hori-
zontal and vertical directions, in respect of ground surface, were collected
in an attempt to point out the effect of inclination and orientation of the
fissures in their shear strength.

Provision was made for testing the samples, as soon as was possible,
avoiding any influence due to time factor. Hence, we hopingly beleive
that no serious extension of the fissures within the specimens took place
during storage. Unfortunately there is a lack of data on the changes in
strength that occur during very short periods of storage under reduced
stresses (A. MARSLAND, 1971).

The procedure for the preparation of the 38 mm in diameter undis-
turbed samples for undrained triaxial compression tests usiug different
lateral pressure values was the ordinary one. In order to obtain valuable
results we used cell pressures in the vicinity and up to overburden.
During the series of tests the samples were not allowed to drain — of
course — and the average moisture content was kept constant. The
samples were compressed at rates of strain of about 2 per cent. The
resulting Mohr stress diagrams are given in (Figures 1 and 2).

RESULTS AND CONCLUSIONS

As it appears from the table of results, a set of eight undrained
triaxial compression tests were made with lateral pressure values ranging
from 400 to 780 KN/m®. The samples were divideded into two main
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groups one called horizontal and another one called vertical. Saying
horizontal group means that the samples orientation in respect of ground
surface was horizontal and vice versa.

We assumed that the sample volume remains constant and that the
area of the sample increases uniformly as the length decreases. The area
of sample was calculated easily using the above assumption of proportio-
nality. From the graph of compressive stress against strain, the maximum

AVERAGE LINE FOR TRIAXIAL TESTS
ON 38mm DIAMETER SPECIMENS

300
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s 0 = 0 25 0
DEPTH BELOW GROUND LEVEL—— m

O

( after A Marsland, 1971 )

Fig. 3.

compressive stress — that at failure — deduced and the stress results
from four cell pressures for each group were plotted on a Mohr stress
diagram (Figures 1 and 2) which gave the condition of failure. The shear
strength for the vertical group was estimated at 235 KN/m’. The obtai-
ned value was in good agreement with that proposed by Marsland
(Figure 3) using a loading test on a 865 mm diameter plate made in unli-
ned boreholes at North Loondon, and for the same depth. Regarding the
horizontal group we notice a shear strength value of 400 KN/m®*. It should
be noted that this remarkable difference between the two shear strength
values is primarily attributed to the effect of inclination and orientation
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of the fissures. Another interesting feature is the evidence of the absence
of peaks from the stress-strain curves for the vertical group on the
contrary with the horizontal group. It was-also noticed that the compres-
sive stresses at failure obtained from the stress-strain curves were repre-
sentably large in the case of horizontal group and relatively small for the
vertical group. The stress-strain curves obtained from the above descri-
bed tests are given in (Figures 4 and s5) for both groups.

Indubitably the existence of fissures in stiff plastic clays are of
great importance. Due to this presentation, alteration occurs in the state
of stresses and strength of the clay to such a degree which depends on
the particular characteristics of the fissures. When an Engineering Geo-
logist is faced with earthworks in slopes or open cuts in fissured clay,
lie must be very careful ; pointing out all the possible factors originated
by the fissures which are affecting the whole stability. For any parti-
cular geotechnical problem relating to such a clay there is a need for
detailed analysis and description of the extent, spacing inclination, orien-
tation and shape of fissures. However, further research is required for
various clays in different Geological environments. Particularly the field
has demonstrated a need for better understanding of fissures and joints
behaviour. Maybe this understanding may lead to creating a more gene-
ral conclusion and criteria of safety or failure.
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