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The Paper describes field and laboratory investigations on strength-deformation characte-

ristics of a residual soil from gneiss.

The modulus of deformation in field was

determined

from 30cm diameter plate loading tests in horizontal and vertical directions every metre in a

9m deep pit.

30cm diameter screw plate loading tests were also executed.

The behaviour in la

boratory was determined from simple compression tests moulded in different directions as well

as from oedometer tests in which the influence of the variation of pressure increment

ratio

{Ap/p=0,25, 1 and 3), and the duration of each pressure increment (1 hour and 24 hours) was e-

xamined.

The results are analysed in the light of Janbu theory of compressibility.

An evalua

tion of the coefficient of lateral pressure at rest, K , was made using electric strain gauges

installed on a stiff oedometer ring.

INTRODUCTION

Observations of settlements of foundati-
ons in residual soil derived from gneiss show
that the field values are significantly less
than those derived on the basis of classical
consolidation theory with conventional oedome
ter test parameters.
crepancy are many, and not yet quantitatively
understood. A typically young residual soil,
which preserves the rock structure (saproli -
te), shows a large variation in the degree of
weathering and consequent soil types even in
very closely spaced samples. It therefore be
comes important to obtain relevant parameters
from field tests or from laboratory tests on
large sized samples. The other main problem
relates to the partly saturated state of the-
se soils which renders the application of the
Terzaghi theory questionable. The rmsults of
field and laboratory investigations presented
in this Paper have been analysed with special
reference to Janbu theory of compressibility
{Janbu 1963, 1967, 1969), since his concept
of tangent modulus of deformation, M, simply
represents the resistance of volumetric chan-
ge caused by a change of stress and is not
restricted to saturated soils.

i.e. M = do/ce

where o and € denote stress and strain in the
same direction.

Janbu (1967) proposed the following form

ulation: (1-a)
= f ' ' . gt = .

M = mo a( g'/ o a] H 1 atm;
where ', m and a denote vertical stress, the
modulus number, and stress exponent respecti-
vely.

Analagous to the concept of the reSLStan
ce to volumetric change, defined by M, Janbu
(1969) introduced the concept of resistance
with respect to time; i.e. R= dt/de. Hence

The reasons for thisdis

the time resistance, R, is dependant on the
state of confinement, the stress level and
the duration of load application. Reference

should be made to Janbu (loc. cit.) for detai
led discussion of these parameters.

THE SOIL

The samples of residual soil were ob-
tained from a hand-dug pit, 1l.5m x 1.5 x 8m
deep, in which field plate loading tests were
also carried out. The parent rock is a plagi
oclase-quartzitic-biotitic-gneiss of the Pre-
-Cambrian Series. The saprolite, reddish bro
wn in colour with yellow and grey mottles sho
wed presence of decomposed feldspar, biotite
and garnet, with a significant presence of
concretions and a sill of quartz, (at 7m dep-
th).

Microscopic and X-ray analysis revealed
the following composition by volume: fragmen-
ts of quartz and mica linked with iron oxides
50%; quartz: 35%; garnet: 5%; caolinitic frag
ments covered with iron oxide: 10%. Table I
lists the physical characteristics of the so-
il.

Table I: Physical Characteristics

Depth. clay silt sand LL PL e S
(m} %<2y % % 3 3 % %
1 14 31 55 47 34 0.96 71
2 16 34 50 44 32 1.19 62
3 12 38 50 S0 40 1.03 66
4 13 47 40 53 40 1.14 68
5 10 37 53 48 41 1.06 67
6 7 54 39 65 NP 1.04 64
7 4 16 80 45 NP 0.80 61
8 12 50 38 65 NP 1.22 73
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FIELD INVESTIGATIONS

The field investigations consisted of
the following:
a) 30cm diameter plate loading tests in hori-
zontal and vertical directions, at every me-
tre depth of a 8m deep hand-dug pit.
b) 30cm Giameter screw-plate loadina tests.

A 10 ton hydraulic jack was used for loa
ding, up to 8-10 kg/5 q.cm, with a spherical
seating provided at the loading plate to avo-
id eccentricity. The irregularities on the
loading soil surface were eliminated with the
use of thin layer of chalk plaster. The reac
tion for the horizontal test was provided by
a 30cm dia. plate resting against the opposi
te wall of the pit. A heavy-duty helicoidal
spring was incorporated between the two pla-
tes to assure uniform pressure (Rocha, 1975).

The screw plate tests were also carried
out every metre depth. The test plate was
screwed two revolutions in a 30 cm diam. hand
auger bore-hole.

LABORATORY INVESTIGATIONS

All laboratory investigations were carri
ed out on block samples extracted from the
pit, and consisted of the following:

a) Unconfined compression tests on samples mo
ulded with axis at 0@, 309, 459, 609 and 909
to the vertical direction. To avoid end-fric
tion and facilitate moulding, wide lubricated
end platten technique was adopted which per -
mitted testing of 2.5" dia. x 2.5" high sam-

ples. A shearing rate of 0,3%/min. was used.

b) The oedometer tests were carried out in
rings of three sizes: 10,8cm @ x 2cm; 10,8cmx
X 3cm and 6,4cm f x 1,96cm. Pressure incre -
ment ratios of 0,25, 1,0 and 3,0 were used wi
th duration of each application of load of 1
hour and 24 hours. Silicon grease was used
to minimise side friction. Both submerged and
unsubmerged samples were tested in machines
working on compressed air, in which the 1load
increment could be applied instantly without
shock effect.

c) An attempt to estimate the values of K

was made by testing unsubmerged samples froR
2, 4, 6 and Bm depths in a stiff oedometer ri
ng (10.44 cm dia., 3 cm high and 3mm thick
instrumented with resistance strain gauaes ard
coupled to a temperature compensating. ring, in
an arrangement similar to that used for stiff
London Clay by Som (1968), {(Fia. 1). Pressu-
re increment ratios, 4p/p = 0,25, 1,0 and 3,0
were used. Each loading was maintained for o
Ne hour since earlier results had shown this
duration to be satisfactory.

RESULTS

Only an extremely brief presentation of
results can be made here. Fig. 2 presents
the modulus of elasticity from the vertical
and horizontal plate loading tests and the sc
rew plate tests, calculated.from elastic theo
ry at a pressure of 1 kg/cm‘, and adopting u=
=0,3. 1In the first 5m depth the elasticity
w1th respect to vertical deformation is 1.3
to 5.3 times larger than the value with respe
ct to horizontal deformations. A similar
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trend is shown for Janbu's modulus number m
in Fig. 3. A notable and unexpected featu-
re is the low values of E and m from the
screw plate tests. This is believed to be
due mainly to bedding errors caused by distur
bance of soil in the augering operation. The
field tests showed an immediate settlement of
70 - B0% of the final settlement for stress
increments and shows a compressibility beha-
viour similar to those of overconsolidated
stiff clays (Som, 1968). Fig. 4 shows the
secant modulus of elasticity, Es, (correspon
ding to half of the failure stress) from un-
confined compression tests. Es for vertical
samples was found to vary between 0.7 and 2.1
of Es for horizontal samples with a mean ra-
tio of 1.4. pnisotropy of this order of mag
nitude is not an important factor in the re-
duction of surface settlements, (BParden,b1963).

ch 1

Secant Modulus, E¢ (kg/cm?)

Y 2

\

IR

Depth (m)

Fig. 4: Variation of secant modulus with
depth.

For the purpose of comparison of results
of oedometer tests, it was found convenient to
plot these in a Ti/Ui graph.

Ty = 100 /ti// te ; (0 < Ti £ 100)
where t, denotes duration of each application
of load, and tj denotes any time during each
application of load analysed.

Uj = 100 . Aci/Aee (0 < U; < 100)

where Aee denotes total variation of
in each application of load, and Aei
variation of strain at time ti.

strain
denotes

For the same value of pressure increments
ratio, 4p/p, it was observed that Ui/Ti cur-
ves were virtually identical irrespective of
conditions of submergence, height of the sam
ple and the duration of each loading, similar
to results obtained for partly saturated cla-
ys by Yoshimi and Osterberg (1963). Increas-
ing Ap/p resulted in larger deformations.

The time resistance R as defined by Janbu
(1969) may be obtained from Ui/Ti curves as
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Fia. 6: Tyrical p-ey and p-M plot.

follows:

R= dti/dei=d (Ti’te/1002)/d(AceUi/100) =
=(2teTidTi)/(100AcedUi) = (te/(50Ace)) (4Ti/
/AUL)Ti

or R'=(50Ac/te)R=(dTi/AUi)Ti

The relationship between (dTi/dUi)and Ti
for different values of Ap/p is shown in Fig.
5. An increasine resistance to deformation
with decreasina Ap/p is evident, as well as
the presence of small time resistance, R, soon
after loadine thus implyina large "immediate"
deformations.

Fia, 6 shows a typical derivation of tang
ent modulus M curve from a stress-deformation
plot. Three distinct features of the M/pplot
may be noted:

a) small values of M at low stresses, showing
the effect of disturbance of structure due to
preparation and placina of sample in the oedo
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meter rina.

b) a stretch in the usual,enaineerinc stress
range (up to 4 to 8 ka/cm”) with constant mo
dulus thus shoving a similarity with behavi-
our of rocks ("elastic behaviour",Janbu 1967).
c) stress atlarae stress in which the modulus
increases due to continuous decrease of volu
me under zero lateral deformation.

The values of modulus number m from all
oedometer tests lie in the rance of 50-140 ,
similar to those from screw plate tests, but
considerably less than values from vertical
load test in the pit, (Fig. 3). The limita-
tion of testing small sized laboratory sam-
ples is obvious.

Fig. 7 shows a typical curve of measur-
ed horizonta) (radial) stress with increase
in vertical stress. An initial stress of at

least 0.5 ka/sq.cm. was required hefore the
lateral stress measurement system could be
activated.

— Ap/p=0.25
e
~§ I O e ="
~ [ E=l==] 1 .
D 2 | = I
el LY | b= | A Eepthﬁ\ m
1 e t r
B " H 3em
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Oy ' (kg/cm®)

Fia. 7: radial stress vs. vertical stress

The parameter Ko, in its usual sense, is
defined as ratio of effective horizontal to
vertical stress (assuming principal stresses),
(Rishop, 1958). Andrawes and El-Sohby (1973)
expressed Ko as an incremental ratio, Ach' /
/Ac*', with horizontal lateral restraint (shown
as Ko in this Paper).

This latter general definition is consi-
dered to be of fundamental importance for re-~
sidual soils, since it permits the soil to be
subjected to any previous stress history, suf
ficino only that further stress changes take
place under zero lateral strain. Table II
shows the values of Ko.

Table II
Depth Ap/p Ro
m 0.25 1 3 avl
8 0.59 0.55 0.53 0.56
6 0.51 0.50 0.60 0.54
4 0.40 0.30 0.30 0.33
2 0.53 0.54 0.58 0.55

Explanation is not available for the par
ticularly low values from the 4m depth. Ex-
cluding these values, an average of Ko=0.55
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is ohtained. The values of measured vertical
stress should be decreased by 4-5% of applied
load for_the friction effect, thus incresinag

averaage Ko to 0.58. Azvedo (1972) obtained a
friction loss of 6% for a similar residual so
il from gneiss in teflon lined oedometer ring
of heicht/radius, ratio of 0.8. Jaky's equa-
tion, Ko= l-sin¢ apparently underestimates Ko.
Consolidated undrained tests with pore water
pressure neasurements for the 6ém depth showed
4 = 38.59, indicatinag Ko= 0.38 in comparison

with the experimental corrected value of 0.57.

CONCLUSIONS

1. The results donot show a significant and
consistent directional anisotropy of E values
2. The variation of tanaent modulus, M, with
stress shows the compressibility behaviour to
be similar to rocks. The laboratory modulus
number m varyina between 50 and 140 is not af
fected by pressure increment ratio and durati
on of loadinqg. -
3. The time-deformation behaviour is influen-
cedby the pressure increment ratio.

4. The coefficient of earth pressure at rest
is approximately 0.6, and is probably underes
timated by Jaky's equation.

REFERENCES

Andrawes,K.%. and El-Sohby,M.A.(1973) ,"Fact -
ors MAffectina Coefficient of Farth Pressure
Ko} Jnl.2SCE,S.M.*, Div., Vol.99,NQ7,pp 527.

Azvedo,F.F.S.(1972), "A Study of Compressibi-
lity of Residual Soils From Gneiss," MSc.The
sis, (in Portuquese), Catholic Univ. Rio de
Janeiro.

Barden,L. (1963), "Stresses and Displacements
in Cross-Anisotrooic Soll} Geotechnique,Vol.
13, No 2,

Bishop,A.W.(1958), "Test Requirements for Mea
suring the Coefficient of Earth Pressure at
Rest) Proc. Brussels Conf. on Earth Pressure
Problems, Yol. 1, pp. 2.

Janbu M. (1963), "Soil Compressibility as De -
termined bv Oedometer and Triaxial Tests",
Proc. European Conf. Wiesbaden, Vol. 1.

Janbu,N.(1967), "Settlement Calculations Ba -
sed on the Tangent Modulus Concept; Bull. 2,
Tech. Univ. of Norway, Trondheim.

Janbu,N.(1969), "The Resistance Concept Appli
ed to Deformation of Soils"” Proc. VII ICSMFE
Mexico, Vol. 1, pn. 191.

da Rocha,W.M.(1975), "Study of Stress-Deforma
tion Behaviour of a Residual Soil", MSc. The
sis, (in Portuauese), Catholic University,
Rio de Janeiro.

Som,N.N. (1968), "The Effect of Stress Path on
the Deformation and Consolidation of London
Clay, "Ph.D. Thesis, University of London.

Yoshimi,Y. and Osterbera,J.(1963), "Compress-
ion of Partially Saturated Cohesive Soils" ,
Jnl. ASCE, S.M.F. Div., Vol. 89, pp.l.



