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SYNOPSIS The Guanabara Bay Clay is a very soft plastic clay deposited some thousands of years 
ago over a large flat area around Rio de Janeiro. The first findings of a research on its 
geotechnical characteristics are described. Field vane tests with different height/diameter 
ratios and undrained triaxial on specimens cut with several axis orientations seem to indicate 
that strength anisotropy of this soil is not important. Despite the low sensitivity (2 to 4), 
pore pressure parameter Af is as high as 1.3 for consolidation pressures greater than two 
times overburden stresses. Large scatter in initial effective stresses in UU tests resulted 
in reasonably small scatter in undrained strength, indicating that Af variation counterbalances 
part of suction loss due to sample disturbance.

INTRODUCTION

Several great projects of highway fills on 
soft clay deposits near Rio de Janeiro 
brought about the necessity of determining 
reliable soil parameters to be used in 
stability and deformation analyses. The Bra 
zilian Highways Research Institute(IPR) is 
currently carrying out an extensive research 
on the behaviour of embankments on soft 
ground which includes field and laboratory 
investigations, theoretical analyses and the 
construction of three instrumented trial 
banks on the Guanabara Bay Clay.

As a part of this research, a laboratory and 
field testing programme is being jointly 
developed by IPR, the Catholic University 
and the Post-Graduate School (COPPE) of the 
Federal University of Rio de Janeiro. It 
aims at the determination of strength and 
deformation parameters of the Guanabara Bay 
Clay to be used in the prediction of the 
trial banks'behaviour. In this paper, the 
first findings of this programme are present 
ed; they comprise the results of (i) field 
vane tests with three different height/dia
meter ratios, (ii) undrained (UU) triaxial 
tests on specimens cut with three different 
axis orientations(0, 45 and 909 with the 
vertical)and (iii) isotropically consolidated 
undrained (CIU) tests with pore pressure 
measurement. Additional and more sophistic
ated tests are now in progress and their 
results will be described in future public
ations .

SITE DESCRIPTION

The site under investigation is located 
somme 7km north of Rio de Janeiro, in a very 
flat region, locally known as Fluminense 
Plain, which covers an area of about 150 sq.

km around the Guanabara Bay and is mainly 
characterized by soft clay deposits. Sand 
with gravel deposits are also found, particu 
larly near the feet of the mountains that 
form the northwestern limit of the plain. The 
clay was deposited in Holocene (10.000-6.000 
years) in marine-alluvial environment,brought 
by the rivers that come down the mountains 
into the Guanabara Bay. The soft soil, generâ  
ly overlying sands and sandy clays, vary in 
thickness from place to place, ranging between
3 and 20m. This stratum behaves as normally 
or slightly over-consolidated material,having 
an upper dessicated crust 1.5 to 2.0m thick. 
It is dark grey in clour and has an organic 
content of about 4%. X-ray difratometry and 
DTA show that kaolinite is the dominant mi
neral of the clay-size fraction, but some 
illite and a small amount of montmorillonite 
are also present. The water table is near 
ground surface and the pore water exhibits 
an average salt concentration of 6g/l. Typical 
index properties at the investigated site 
are: moisture content, 130 to 160%; liquid 
limit, 140%; plasticity index, 90%; void 
ratio, 4; unit weight, 1.35 t/m3; clay con
tent (<2p) , 56%.

The sensitivity obtained from field vane, 
laboratory vane, unconfined compression and 
UU triaxial tests is between 2 and 4. The 
overconsolidation ratio (OCR), from special 
oedometer tests, was found to be approximate 
ly 1.8 and not to vary with depth. An OCR 
value of 2.5 was obtained for the dessicated 
crust. According to Bjerrum (1973),this soil 
is classified as an aged normally consoli
dated clay with a dessicated crust.

SHEAR STRENGTH TESTING PROCEDURES

Informations are here given about the proce
dures and techniques employed in the sampling
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and testing of the Guanabara Bay Clay. 

Triaxial Tests

Undisturbed samples were taken by means of a 
127mm dia. stationary piston sampler, in 152 
mm dia. boreholes sunk by percussion-and- 
wash method. The samples, protected against 
moisture loss and excessive vibration, were 
driven to the temperature-controlled Soils 
Laboratory of the Catholic University, some 
30km from the site. Each 127 mm sample was 
penetrated in laboratory by shorter two-part 
split thin walled 36mm dia. samplers so as 
to produce 3 to 9 (according to the orient
ation chosen) specimens for triaxial testing.

The testing machine was of strain-control 
type. Volume changes during consolidation in 
CIU tests were measured with a paraffin gauge. 
The pore pressure measurement system was 
very rigid, consisting of a pressure trans
ducer attached to the cell by brass couplings. 
The loads were measured with an internal 
load cell. The confining pressure was kept 
constant with the aid of a mercury pot sys
tem. Most equipment was manufactured by 
Wykeham-Farrance, England.

Conventional techniques were mostly used in 
both CIU and UU tests. In the latter, how
ever, pore pressures measured before shear
ing permitted the initial effective stress
es (ô ) to be known. Filter paper drains 
were used in CIU tests but not in UU ones. 
Strain rates adopted were: 0.33% per min. in 
UU tests and 0.0125% per min. in CIU tests.

Field Vane Tests

Nine auger-excavated boreholes were put dewn 
in the research area for the performance of 
field vane tests. Three were 152mm dia., for 
tests with 51/102mm (H/D) blades, and six 
were 102mm dia. for the two other blades: 
368/92mm and 104/92mm. In each test the vane 
set was driven into the ground so that measu 
rements were always made 700mm below the 
hole bottom. The apparatus, manufactured by 
Maquesonda, Brazil, is similar to that used 
by the U.S. Bureau of Reclamation (Gibbs, 
1957); it has a ring-shaped spring as the 
torque measuring unit (constant = 0.937kg. 
cm/10_l<in) and utilizes a dial gauge with 
sensibility of lO'^in. The set was rotated 
909 at the rate of 69/min.; then, two faster 
turns (7209) were given and a new 909 measure 
ment was made; the ratio between 'undisturbed1 
and 1 remoulded' strengths was considered to 
be a satisfactory indication of soil sensi
tivity.

Correction for the apparatus friction was 
obtained from torque measurements in durrany- 
tests performed with the rods but without 
the vane.

TEST RESULTS

Vane Tests

A total of 81 undrained strength determina

tions were made at 9 different depths (at 
each metre, from 1.5 to 9.5m below ground 
level), three measurements being made with 
each vane tip at every selected level. The 
torques were calculated by means of (1), in 
which shear stresses at failure are assumed 
to be reached at the same angular displace
ment over both the end surfaces and the vane 
cylinder

M = j  HD^(Sv &  V (1)

where M is the measured torque; H and D are, 
respectively, the vane height and diameter, 
and Sv and Sh are the failure shear stresses 
over, respectively, the end surfaces and the 
vane cylinder.

By using (1) for the average torque obtained 
at every level with the set of 3 measurements 
made with the same vane tip, Sv» S^ and Sh/ 
Sv were calculated according to the method 
suggested by Aas (196 5). The results, depict 
ed in Fig. 1, show that below the depth of 
2.0m the Sh/Sv ratio was found to vary be
tween 0.56 and 1.57, averaging 1.09. If the 
depth of 1.5m (in the dessicated crust) is 
also considered, the average increases 
slightly, becoming 1.11. The use of the 
expression suggested by Flaate (1966), in 
which a triangular distribution of shear 
stresses at failure is assumed over end 
surfaces, leads to an average Sh/Sv of 1.47 
(1.48 if the depth of 1.5m is included). If 
Sv and Sh are assumed to be equal, a unique 
value of undrainded strength, Su, is computed 
for every level and the average results of 
all sets of 9 measurements, also shown in 
Fig. 1, lead to a distribution with depth 
that nears a linear representation expressed 
with a correlation coefficient (CC) of 0.96 
by:

SHEAR STRENGTH, !  / m

Fig. 1 - Field vane tests - Variation of ho
rizontal and vertical undrained 
strength with depth.
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Su(t/m2) = 0.20 + 0.12z(m) (2)

Angular displacements at peak torque increa 
sed with increasing vane heights, average 
values of 7, 15 and 279 having been obtained 
with the three blades employed.

The ratios between ’undisturbed' and 'ranould 
ed' strength varied between 2 and 3.

UU Triaxial Tests

A total of 69 specimens were tested with the 
following orientations: vertical (09), 31, 
inclined (459), 18,and horizontal (909), 20. 
No specimen was tested from levels above the 
depth of 1.5m, as the samples exhibited lar
ge amounts of bulky organic matter and were 
too dessicated and fissured. Some of the 
tests resulted in too high strains at fail
ure and very low deformation moduli; such 
tests were discarded (11 vertical, 3 inclined 
and 5 horizontal, 19 in all).

In Fig. 2 are plotted the average results 
obtained with specimens from the same depths 
and tested with the same orientation. The 
linear regressions yielded the following:

vertical -COO. 95 Su=0.25+0.13z (3)
inclined -CC=O.09 Su=n.31+0.13z (4)
horizontal-CC=0.76 Su=0•15+0.13z (5)

where Su is the undrained strength in t/m2 
and z is the depth in metres.

Pore pressures measured before shearing varied 
considerably even among specimens jacked 
from the same sample. In Table I appear the 
mean values of Su/o£ and Eu/o^ (where Eu is

U N D R A I N E D  S T R E N G T H  Su ( t / m 2 )

Fig. 2 - UU triaxial tests with different 
axis orientations-Variation of 
undrained strength with depth

the undrained Young's modulus for the stress 
level of 0.5) as well as the standard devia
tions (Sd) of the corresponding frequency 
distributions. It is seen that Sd values are 
much higher than those found for Sq/ovo^ ^ 6 
OyQ is the computed vertical effective stress)

A

Su /  <Tc Su /  <rvo Eu / «c Eu /  Su

A V. S. D. A v. S. 0 A V. 5-  0. A V. a. o.

0 1.1 e 0 - 7  3 0 . 5 4 0 , 0 7 9 9 4 8 9 9 2 6

4 5 0 .9  0 0  .2  4 0 . 5 0 0 .1 3 I I  2 4 3 11 B 2  5

9 0 1.3 8 0 .- 1 5 0 .4  5 0 . 10 1 5 3 6 3 1 3 0 4 3

j 3 : A N G L E  O F S P E C I M E N  A X I S  W I T H  V E R T I C A L

Table I - UU triaxial tests - Mean values and 
standard deviations of several 
ratios

CIU Triaxial Tests

A total of 14 vertical specimens were tested 
with diameter of 38mm and height of 80mm. 
Consolidation pressures were at least twice 
as high as the vertical effective stresses. 
The back pressure used was 3kg/cm2 or more. 
Correction for paper drain influence on shear 
strength was made as suggested by Bishop a 
Henkel (1962) and Duncan & Seed (1967). Three 
tests were discarded for having exhibited too 
high strains at failure and atypical values 
of Af and Su/o£. The results of the remaining 
11 tests led to the following values (mean 
and standard deviation):

Su/°c = 0.253 ± 0.033 (6)

A f  = 1.31 ± 0.18 (7)

Strain at failure ranged from 4.2 to 9.5%, 
averaging 7.0%. Average Eu/Su was 92.6 with 
standard deviation of 50. Mean Eu/oc was 22.5 
(Sd = 12.5) .

The failure envelope in terms of effective 
stresses is shown in Fig. 3. It is character 
ized (with a CC of 0.986) by the absence of

Fig. 3 - CIU triaxial tests - Failure envelo 
pe and effective stress paths.

71



1/ 15

a cohesion intercept and a friction angle of 
259 (a'=239). In the same figure are depict
ed some typical effective stress paths. If 
the deposit is separated into two parts, one 
above 7.0m and the other below this depth, 
the resulting envelopes differ slightly, 4»' 
being 239 for the upper layer and 269 for 
the lower one.

COMMENTS AND CONCLUSIONS

The Sa/ov0 ratio ranges from 0.4 to 0.6 in 
field vane and UU triaxial tests, higher 
figures, in average, than the value of 0.44 
predicted by Skempton’s expression (Sa/0vo=
0.11+0.0037IP). They are also considerably 
higher than the Su/ oq ratio of 0.25 obtained 
from CIU tests with high consolidation 
pressures. This is an indication that the 
clay behaves as overconsolidated, confirming 
findings from oedometer tests. There is no 
geological evidence of preloading of this 
soil and Su values were found to increase 
linearly with depth; this suggests that over 
consolidation is due to time effects. Bjerrum
(1972)predicts values of Su/ovq around 0.3 
for ‘young' clays and 0.6 for aged1 clays 
with IP=909, figures that agree much better 
with the results obtained. It is worth 
mentioning that Pacheco Silva (1953) found 
Su / o v 0 =0 . 59  with samples taken few kilanetres 
from this site.

By deciding to measure initial effective 
stresses in UU tests, it was the authors1 
intention to relate such stresses to the un
drained strength of each specimen and thus 
possibly explain the usual scatter in UU 
test results. The great variation found in 
initial effective stresses confirmed that 
soil disturbance accumulated during various 
operations and manipulations reflects in 
largely variable degrees of suction loss. 
However, the fact that Su/ovQ values are con 
siderably more consistent and less scattered 
than Su/o£. values suggest that suction loss 
is partially counterbalanced by a decrease 
in Af(as OCR increases), resulting, as 
observed by Wesley (1975), in undrained 
strengths not much lower than those correspond 
ing to perfect sampling.

The average values of Eu/Su were found to be 
99, 118 and 130 for, respectively, vertical 
inclined and horizontal UU specimens, and 93 
for CIU ones. These figures are lower than 
those usually quoted for normally and slight 
ly overconsolidated clays,but most experien
ce in this subject derives from studies with 
soils not as highly plastic as the Guanabara 
Bay Clay.

The pore pressure parameter Af, found to 
average 1.3, is higher than values usually 
quoted for soils with low sensitivity as it 
is the case of this•

Confirming findings of Wiesel (1973), angu
lar displacements at peak torque were found 
to increase with increasing blade heights 
in vane tests, an indication of unequal 
strength mobilization over end and lateral

vane surfaces. This might account, at least 
partially for the much lower S^/Sv values 
found by Wiesel than by those who have enploy 
ed Aas'method. Measurements are now being 
made in laboratory to determine correction 
for rod twist during testing. The corrected 
field data will then be reanalysed in the 
light of Wiesel1s method.

The average strength anisotropy ratio, com
puted from vane tests by means of Aas'tech
nique, was found to be 1.09 and fall above 
the plot of Sh/Sv against IP presented by 
Bjerrum (1973). UU tests with various axis 
orientations resulted in Sh and Sv values 
marginally different. Both findings suggest 
that strength anisotropy is not important in 
this clay.
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