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SCOPE

The torlc “Fabric and Engineering Properties™ for troplcal eolle corresponds to an extremely vaet
subject which cannot be coverered in & single paper for this Conference. For the purpose of the
technical session, thie paper includes an |ntroduction with a short summary of the malin polinte of
the subject, followed by the presentation of two studies related to epeclfic aspects of Intereet,
namely the microfabric study of a weathering profile and & study of etructural anisotropy of a8 sa-
prolitic soll, both derived from gneiesic rocks.

1. INTRODUCTIOA parent rock, generated during weathering or as-
soclated with redeposition of oxidee, silice-

Resldual eolls formed from In—eituy weathering tes, otc. A bonded structures |Is destroyed by

of rocks In tropical climetes pressnt difficul- remoulding even with unelitered porosity or can

ties In analysis and design due to their ex- be damaged by sampling (the etreess-relief of-—

treme variabillity and complex etructural arran- fects discussed by Sandroni, 1986a) or effec-—

gements both at micro and macrofabric lavele. tive streee changes during specimen preparation

Classical sol) mechanice has been developed for prior to laboratory teeting ae suggested by

particulate materiale with propertioee assocla- Bressanl and Vaughan in a paper to this Confe-

ted with Initial porosity (vold ratio) and sub- rence. Microstructure studies in reeidual eolls

sequent oetrees—history. For reeldual solls do- are particularly relevant in trylng to ldentify

veloped In place without transportation, the the possible origine of bonding.

particles and thelir arrangement suffer a8 pro-—

gressive evolution as a consequence of predomi- Bonding |e generally aeeoclated with:

nantly chemical weathering, resulting In widely

varylng mineralogy and void ratio. - the preeence of & true cohesion In terms of

sffective stresses:

Figure 1 presented by Vaughan (18968) illustra-

tes the factors controlling the engineering - the presence of an "apparent preconeolldation

behaviour of transported and residual solis. pressuyre” (vargas, 1953) Indicative of yleld,

unrelated to stress history or density;
The results of eseveral studies have shown that

the geomechanical characteristics of wundis- - 8 stiff reeponee ot low etreaees and a more
turbed residual soils very often do not corre- plastic behaviour at larger stresesee, charac-
late dlirectliy with index properties euch as terizing a yleld surface.
consletency Iimits, percentage of clay elze
particies, water content, etc, as for trans- It I1s clear that the engineening properties of
ported solls. This ie partiy due to the dif- residual aolls are greatly Influenced by the
ficulty 1In defining representative graln and microstructuras (including microfabric, compo-
void elze dietributione and partliy due to the sition of particles and Interparticie forces)
veriability of properties even In & particular aasociated with the weathering process. Baynes
sampie. and Dearman (1978), studying the weathering of
granites, Indicated that the resultant micro-
Another Important factor to Influence the geo- fabric reflected the intensity of wsathering.
technical behaviour of realdual solle I8 the The same authors concluded that varied micro-—
presence of & weakly bonded etructure In the fabrics can exist In the same sample reflecting
sense described by Vaughan (1885,1888): a com- different weathering environmente. Collins
ponent of strength and etiffneee which is Inde- (1985) based on analyele of microetructures of
pendent of effective streee and porosity and different types of reeldual (lateritic and ea-
which behaves as If It was due to physical con- prolitic) solls also concluded that they oare
nections between particlee. while It le clear likely to be heterogeneous and with 8 wide va-—
that etrong bonds exist In rocks, the presence risty of lavele of fabric organization present,
of weak bonding can be related to obssrved geo- assoclated with complex multi-level pore eys—-
technical behaviour In several types of eoils, tems. The same suthor preesnted a ciassifice-
particularly residual solls, but also including tion schema for microfabric etudies of residual
sedimentary clays and asnds (Vaughan, 1886). soils. In a paper to this Confsrence, Massey,
Iin realdual soils It can be retalned from the trfen and Clpullo tried to relate the behaviour
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TRANSPORTED SOILS

THE PARTICLES- Are generoted elsewhere ond ore assumed
not to oiter with time. Their unit weight, sizes, hordness and
surface chemistry.

THEIR INITIAL ARRANGEMENT - Initial void rotio, fobric
after deposition and inherent anisotropy.

STRESS HISTORY — Modification of porosity and fobric by
the plastic stroins occurring due to looding ond unloading In
geological time. Stress induced anisotropy.

TO WHAT EXTENT AND WHEN HAVE THEIR PARTICL
STRUCTURE AND B

RESIDUAL SOILS

THE PARTICLES - Arrangement and fobric
evolve continuously os a consequence of che-
micol alteration during weathering. Anisotropy
inherited from porent rock - e.g. schist.

Sails with swelling clay minerals - vertisols-
have different properties from those with no-
swelling minerals - Ferruginous, Ferralitic
soils and Andosols {loteritic soils) .

STRESS HISTORY — Of little importance
as the soil hos been continuously modified
os stress chonges hove been occuring.

ES BECOME STUCK TOGETHER 7?7
ONDING

WHAT DISCONTINUITIES ARE PRESENT 7

WHAT ARE THEIR STRENGTHS

Fig. 1 - Factore controlling the engineering b

of two saprollitic soils from Hong-Kong during
triaxlal and direct shear teste to the micro-
fabrics obeervad in thin eectione (optical
microscope) and associated weathering Indexes.

While microstructure of residual solls and as-
soclated weathering profliles are of Importance
to understand thelr engineering behaviour, ma-
crostructural features In saprollitic solles are
In many cases of greater Importance for the be-
haviour of the soil mase, These inciude:

- etructural anisotropy associated with the pa-
rent rock (schist, phylits, gneles, etc):

-~ presence of relict structures from the orlgi-
nal rock, Including weakness planes (shear
strength and daformablility) and permeable or
impermeable velne (permeabliity):

- fissures, joints and other types of disconti-
nuities, sllckensided or not:

- pressnca of holes In the soil which could be
assoclated with laterlzation processes, in-
tense animal actlion, plpes formed by Internal
erosion of eofter zones, etc, leading to
higher mase permeabllity.

The remaining of thie paper will concentrate In
two aepecte of those mentioned before:

1) A microfabric study of a weathering profile
in residual eoil derived from gneiss and |ts
relationship with some engineering chara-
taristics.

2) An investigation of anlisotropy of a sapro-
litlc soil derived from e well banded
gneles.

2. WEAIHERING OF A_GNFI1SSIC_S0IL_PROFILE
CHARAGCTERIZATION OF WEATHERING

Although it is dificult to sxpress the englinee-
ring properties of a soll or rock in terme of

composition and texture, & knowledge of thelir
minerelogy and fabric |le Important to an un-
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AND INCLINATIONS 7

ehaviour of soils (Vaughan, 1988).

deretanding of their geological history and en-
glneering behaviour.

The weathering profile of a rock will clearly
show the changes in mineralogy and fabric which
develops In varjous rates and rangas, acording
to the environments to which the materials have
been expoeed.

Different weathering Indeces have been proposed
for residual soll profiles In the past, for
different typss of parent rocks, and were trled
to relate to engineering propertiee. The de-
composition Index Xd has besn proposed by Lumb
(1882) and wused by Baynes and Dearman (1878)
for weathered granite. Thie Index wae later
modified by irfan (1888). irfan and Dearman
(1878) proposed & micropetrographic Index also
for granitic aolis. Lohnes and Demirel (1879),
Tuncer and Lohnes (1877) and Tuncar (1888)
found good correlations between eesquloxide
content or epecific gravity and pore el26 dls-
tribuition with engineering properties of solls
devired from basalts and volcanic ashes. Rocha
Fiiho, Antunes end Falcdo (188B5) tried eeveral
chemical and mineralogical indeces ae weather-
ing Iindex for a residual profiles derived from
gneles and found that the degree of lixiviation
gave reaeonabis correlations with geotechnical
properties. ’

Theee evidences iIndicate that a relationship
between fabric and engineering behaviour s
very complex and, to develop a better under-
etanding, one has to crests models to simulate
the development and engineering behaviour of
weathering profiles. One engineering approach
proposed by Vaughan and Kwan (1984) triee to
relate weathering to a weakening process of
strength and deformabillty, with the associated
In-situ stress—changes.

Another aproach, developed by Dobereiner
(1884), for the underetanding of the relation-
ehip between fabric and engineering behaviour
of weak eandetones, which ars more simple rock
textures, could bs used ae a model. Discus-
elons on theee relationshipe for eandetones and
gnelssic rocke ares described below.
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FABRIC AND WEATHERING PROFILES OF SANDSTONES

Sandstones have, In most cases, a vary uniform
mineralogy composed essentially of quartz. In
these rocks, therefore, the fabric is the most
relevant microscopic feature to considsr Iin the
interpretation and analysis of the geotechnical
properties.

D3bereiner and de Freitas (18BB) have quanti-
fled several fabric microscopic parametara.
However, two mein characteristics of the tex-
ture from microscopic obssrvations on different
types of weak sandstones are potentially uee-
ful:

(1) The packing density, defined by Kahn
(1856) as the ratio of the sum of the grain
length encountered along a traverse across a
thin section, to the total length of the
traverse (Fig, 2a). Matrix material 1S not
counted, but mineral overgrowths to grains
are included in the measured length of a
grain,

(1}) The grain contact 1s the ratio of the
length of contact a 4gratn has with I ts
neirghbours to jts own total length: il 1S
measured in two dimensions and 1S expressed
as a percentage (Fig. 2b).

The relationships between packing densl|ty and
grain contact with the wuniaxial compression
strength of saturated samplies of esndetonee are
shown In figuree 38 and 3b.

The results shown In figure 3 were obtained
from measurements for all grains within an area
of thin seection eelected to be typical and
contalning more than 100 grains. These fligures
clearly show that an |Increase In packing
density and grain contacte are related to the
strength of sandstones.

The weathering profile of the Beuru eandstones,
from the Parané basin In Southern Brazll le
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Fig. 3 - Relationships of etrength of sandstone

with (e) packing denelty and (b) grain contact.

ehown by plates 1 to 3, which repreeent the
pointe 4, 5 and 7 of figure 3. The increases In
graln contacte Is well illuetrated on the thin
eection photographs. The Beuru sandstone 81,
showing 36,7% of grain contact area, |6 on the
top of the weathering profile and has aproxima-
tely 26% of matrix. Further down, the B2 and
B3 sandstones have respectively 49,3 and 498,8%
area of grain contacte and considerably Iless
mstrix, In the range of 5 to 10%. The peckling
density doss not correlete es well with
etrength: ae an example the packing of grains
hae shown in average to be higher In the B2
sandstone than (n the B3, which hae higher
strength. This could siso be obssrved in other
sandetone types of figure 3. Hence, the diffe-
rence In etrength diepleyed by this material
can be attributed mainly to differencee In the
aree of graln contact, releted to the weather-
Ing profile. The alteration of these sendsto-
nes ehow few mineralogical changes. Howsver,
en “opening”™ on the fabric le seen, with de-
crease in graln contacte, caueed probably by
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PLATE 1 - Bauru sandstone B1 - composed of B85%
of grains of quartz (90%), mica(1%), feldspar
(6%) and rock fragments (4%), with 25% clay
cement (smectite, kolinite, Illite) and Iron
oxide.

PLATE 2 - Bauru sandstone 82 - composed of B5%
of grains of quartz(88%),mica (1%), feldepar
(2%) and rock fragments (B%), with less than 5%
clay matrix and Iron oxide.

stress rellef assoclated to the Increase of ma-
trix and/or cement caused by preclipitation of
Iron oxides.

FABRIC AND THE WEATHERING PROFILE OF GNEISS

The weathering profile of a gnelesic rock
should be expected to be far more complicated
than that of a seandstone. Thie Is mainly due
to the variable mineralogy, with the presence
of quartz, feldepar and mica which have dif-
ferent alteration processes and to the complex
metamorphic features generated (bending, micro-
folding, etc).

A profile of weathering of a gnelesic rock at

the Experimental Site nr. 2 In the campua of
the Catholiic University of Rio de Janeiro has
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PLATE 3 - Bauru sandstone B3 - composed of BB%
of grains of quartz (80%), mica (1%), feidspar
(1%) and rock fragments (10%), with lees than
5% clay matrix and Iron oxide.

been chosen for this study. OData from the slte
has heen presented by Rocha-Fliho and Carvalho
(1888) and boreholee end trial pits were exe-
cuted reaching the entire weathering profile.
Thies site (s about 200 m away from the Experi-
mental Site nr. 1, which has been studied In
detail by Sandroni and Maccarini (1881) and
Rocha-Filho et aj (1885), among others, with
similar weathering profile. In both sites the
ortginal rock 18 a garnet-biotite-plagioclase-
gnelss.

A general characterization of the elte has been
presented by Sertd (186B6).

The proflile consiste of mature residual o0l
down to e depth of about 8,5 m followed by a
eaprolitic soll wup to about 25 m with sound
rock being found at about 32 m. A pit could be
open by hand up to 13 m deep, while refusal was
obtained In the SPT at 249 m.

Block eamplies were taken from the trial pit at
depths of 2,5, 7, 9 end 11 m. These samples
(with numbers corresponding to the depths) were
ueed for fabric etudies and for geotechplical
laboratory tests. variation with depths of
conventional grailn eize distributions, consis-
tency |Iimlte and specific gravity of grains ob-
tatned by Sertd (1988) are shown in flgure 4.
Other data from In-situ pressuremeter and cone
penetration tests and pile load taets In the
upper 7 m are presented by Rocha-Filho and
Carvalho (18BB) while results of triaxial tests
at several depthe up to 117 m In unsaturated
soll specimens are presented by Marinho (1886).

The macroetructure on eampies 2 end 5 |s not
preserved, meking the Iidentification of the
gnelesic banding from the original rock, diffl-
cult to distinguieh.

On esamples 7, B and 11, which show |Ittie dif-
ference among them, some relict structures can
be obeerved. Few of the mafic banda can be se-
parated from the felslc ones. Laterization can
also bse seen, with areas of concentrations
mainly related to 22o0nes with more quartz
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Flg.4 - Characterization of the weathering profile of gneise at Experimental Site 2 (Serta, 1988).

graine, or zones supposed to be more permeables.
Some bands of finer gralned material can also
be ldentifled In parts of the eamplas.

Microfabric studies
tical microscopy

were carrled out using op-
on thin eectione, Impregnated
with araldite, of samples 2, S5, 7, B and 11.
Plates 4 to 8 show a sequence of photographs
of the thin sections.

It can be obesrved thet the resliduel soll near
the surface, as shown In Plate 4, indlicates the
presence of & completely collapsed microetruc-
ture, with small quartz fragmenta floating In a
clayey matrix (mainly keolinite and Iron oxi-
des). No grain contacte are obeerved and pac-
king density [e very low, working as a low ani-
sotroplic clay eandy soil. As the depth increa-—
eee, larger quartz grains are obeerved In the
residual aoil: In some areas few tangential
quartz grain contacte are seen, and the micro-
structure Is not always completelly collapsed
(Plate 6). The percentage of flne gralned me-
trix fa still larger than quartz aand angular
gralns, as alao shown in tha graln aize dietri-
bution with depth in figure 4. The lower boun-
dary of the mature residual soll is now close,
with the transition zone lees than 1 m thick.

Further below, at 7 m depth, already in the se-—
prollitic eoll, the general aepect of the fabric
is well marked (Plate @). The fabric |le pre-
served, the first long quartz grain contacte
can be observed and the percentage of the fine
grained fraction 1|a smallisr that the coarse
grained. The mica, sellimanite and feldepar
graine can be identifled In an altered state.
Two maters below (Plate 7), some slightly open
long sutursd quartz grain contacts are ssen.
The presence of iron oxides |e more frequent in
this particular sample. At 11 m depth (Plate 8)
further smail changes are obeerved: Inciplent
microcracks, <together wlith other more open
ones, are seen In quartz grains, indicating
probably to be a stress rellef feature. The
altered mica, slllimanite and feldspar texturee
are better defined.

PLATE 4 - Reslidual eo0ll of gneies 2 m depth.
Quartz grains (+ 30%), floating In a clay
(mainly kaollnlte) and iron oxide matrix
(+ 70%).

To quantify the alteration of the different mi-
neral types present, totel chemical analysis of
tha seme profile were obtained by Sertd (1886)
and are presented in figure 6. The Mg0 varia-
tiones with depth ehow that the changee |In Mgl
are related to the presence of mica and Indi-
cates that a great proportion of the Mg wae
lixlviated down to eproximately 16 m deep.

The comparlison of K20, Na20 and Ca0 relation-
ships confirm that K feldepar is more reeloetent
to alteration than the pleglociass, with higher
percentagens of Na and Ca occurring only below
30 m depth, where eound rock |s present.

The K feldespar are pressent below 16 to 20 m, as
Indlicated by the higher percentagee of K20 at
these loevels.

Smail varlations with depth are snown In tigure

5 for the Fe203, with higher valuee occurring
at the superficlal, more lateritic layer. Ho-
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PLATE 6 -~ Resldual soll of gnelss 5 m depth.
Quartz grains (+ 490%), floating In a clay
(mainly kaolinite and ll1ite) and Iron oxlde
matrix (+ B0%). The fabric Is still collapsed,
however some tangential quartz grain contacte
are already seen.

PLATE 8 - Saprolltic soli of gneiss 7 m depth.

Quartz (+ BO%), sillimanite (+ 25%) and feldes-
par (+ 16%) grains are seen In a better preser-
ved fabric. Mica occurs as trace minerel and a
few 10ong quartz graln contacts are observed.
fron oxide / clay matrix and / or cement are
aleo preeent (+ 10%).

wever, within the email oscillations observed,
It should bs noticed thet at 8 m the percentage
of Fe2D03 s higher than at 7 and 11 m |In
agreement with the descriptions of <the thin
sections (plates 6 to 8).

Figure B, shows X-ray difraction analysis per-—
formed (Brito, 1881) on a weathering profile of
a borehole drilled In the same material at Ex-
perimentel Site 1. The resulte clearly show a
modification on <ths mineralogy during the wea-
thering process. At 249 m depth plaglioclase,
microcline, mica and quartz are present. At
20 m depth the plagiocliass |8 not present and
an Increaee In kaollnite is obssrved. Mica and
microcline end sillimanite ere etliil occuring.
Between 10 end 13 m depth the mica and micro-
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PLATE 7 - Saprolltic esoi! of gneiss B m depth.
Quartz (4 490%), slilimanite (+ 10%), feldspar
(+ 20%) and mica (+ 5%) grains are observed
with few sutured contacts. Iron oxide / clay
cement more frequent In this sample (& 20%).

PLATE B - Saproiltic eoil of gnsiss 11 m depth.

Quartz (+ 90%), sillimanite (& 10%), feldepar
(+ 35%) and mica (+ 6%) with a clay /iron oxlde
(+ 10%) matrix. Quartz grains present in su-
tured contacte, with Inciplent microcracke.

cline etert dlsapearing and above 6 m mainiy
kaollnite and quartz are the conetituente: very
emali percentages of goethite and few weathered
slllImanite graine are also observed.

GEOMECHANICAL CHARACTERISTICS OF THE GNEISS
WEATHERING PROFILE

In order to try to relate the fabric and wea-
thering etudiee described ebove to geomecha-
nical characteristice of the weathering profile
of gneles, a eeries of lsboratory tests were
carried out. These consisted. qf drained tri-
axlal tests on saturated specimens and constant
head permeablliity teste In the triaxliai cell,
using the Dblock samples taken at 5, 7, B and
11" m deep In the Experimental Site 2. The
sample characteristics are shown In tabie 1.
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0 Stress-straln characterliatice

Strese-straln curves of
cut, saturated

specimens vertically
and then consolldated to 26 kPa
before dralned shearing are shown In Figure 7.
A clear dliestinction In the strese-straln reta-
tionshipe can be noticed, with the shallower
sample (65) presenting a plastic behsviour while
those taken below 7 m deep showed a well de-
fined peak etrength. On the other hand, slong
the weathering profile no marked changes were
observed in the pattern of contraction before

maximum strenght/ ytelding Is reached, followed
by dilation.
Considering the microstructures shown In Platee

)
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Table 1 - Index Properties of Block Sampies
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Filg. 7 - Stress-strain curves from drained
trianxial tests in Experimental Site
2.

49 to 8, It appears that the Increasing content

of quartz grain contacte / increasing sizes of
quartz graine qualitativelly correlates well
with the obeerved strese-strain pattern. I'n

the mature residual soll (sampie 5, plates 4
and 5) the quartz grains are “floating™ on the
clayed matrix and no relict or primary
"bonding®™, characterized by a brittie behaviour

under contraction, occure. This reilct "bon-

ding® / stress-strain assoclation is, on the
other hand, clearly eeen In the saprolitic
soll, particulariy In sampls 9, which ssems to
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be less weathered than samplees 7 and 11,

it 1e interesting to mention that etrees-strain
curvee obtained from dralned triaxial tests
(Merinho, 18BB), carried out on unsaturated
specimens from the same biock samples ueed for
the present teeting series, ehowed plastic or
etrain hardening behaviour. These samplies were
eheared after coneolidetion under cell pressu-
res varying between 75 and 400 kPa; for cell
pressures above <200 kPa a continuoue incroase
in deviator etress with axial straln (straln
hardening) wae obeerved whereas for 75 to
160 kPa cell pressures a constant maximum de-
viator etreee was attained (plastic behaviour).

Sandronl (1881), using data from several depths
of the weathering profile et Experimental Site
nr 1, reported thet peak strength occurred In
unesaturated gneleeic saprollitic samples sheared
in the triaxial equipment after conesoildetion
at cell preesuree of 50 and 100 kPa. Samples
consolidated under higher cell preeeures did
not show brittienees.
From the test data obtainsd by Marinho (1888)
using unsaturated samples, it can ba assumed
that the changee In cell pressure would be ap-
proximately equivalent to changes in effective
etreeeee due to the emall changes in water con-
tent euffered by the epecimene and to the de-
gree of saturation of 60% and 75% for the sa-
prolitic and mature reeldual soils respescti-
veiy.

Considering the consolldation levele above
which the wunsaturated samplee lost their brit-
tle characteristics, It Is reasonable to sug-
gest that relict or firet order "bonding™ in
thlie gneleelc residual soll would be destroyed
by <changes in leotroplc effective etresese
above 75 kPa. Whether thie can be related or
not to eampling strees rellef effects, is not
known. It Is however |Interesting that the
above figure is of the same order of magnltude
aa the critical effective confining pressure
mentioned by Masssy, irfan and Cipullo In thelr

paper to this Conference. This critical pres-
sure defined a region below which the granitic
saprolitic soll from King‘s Park, Hong-Kong,

showed increased strenath, both when teeted un-
der drained end undrained conditione In the
triaxial equipmsnt.

On the other hand, ewelling the saturated spe-
cimens to 25 kPa does not ssem to have dee-
troyed the “bonded"™ structure,

The resuits in figure 7 Indicate a tendency for
the saturated eaprollitic soll specimens to ehow
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with depth — Experimental Site 2.

a relation between etiffness and peak strength.
The etiffer behaviour at emall strains of the
mature residual goll (sample nr 6) has also
been obeerved by tests In unsaturated specimens
by Marinho (1888) and might be assoclated to
the existence of a non-relict type of bdbonding.
Thie could be formed by a chemical bond related

to the laterlization process and indicated by
the higher percentage of Iron oxides |In this
lsvel .

0 Shear strength

Shear strength values obtained from dreined
triaxial teste on eaturated and wunsaturated
samplee are plotted agalnst depth In figure 8.
The strese ratlo at falliure for the saturated
specimens Is defined as the ratio between the
peak deviator stress and the effective consolli-
dation stress. For the unsaturated specimens,
this strees ratio 1Is defined as the ratio
between the deviator strese at fallure and the
difference between confining total etress and
the pore air pressure.

The stresse ratio range for the saturated eoil
shown In figure 8 was obtained from specimens
cut vertically, horlzontally and with the ban-
ding paralell and perpendicuiar to the horl-
zontal plane, without any conelstent Indication
of anisotropy. The range shown for the unsatu-
rated soll corresponds to verticelly cut sam-
ples loaded after consolldation at confining
totel etreee between 75 end 200 kPa (Marinho,
1888).

The trend In increasing stress ratio at fallure
with depth shown by the saturated eaprollitic
eampies can be related to an Increase in grain

Flg. 9 - variation of mean eaturated peak
strength end Iixiviation index with
depth - Experimental Site 2.

contacts. However, only thie feature, noticed
in plates 4 to 8, does not explain the decrease

in strees ratio from oeampie 8 to 11. One
explanation could be the preeence of a greater
amount of lron oxlides in eamploe 9, as

moentioned previouely.
higher weethering
sempie 11.

Another cause could be a
degree of the components of

Rocha-Fllho et al. (1885) noticed that i{ixivl-
atlon indecee provided good correlations with
engineering propertiee of the saprolitic gnels-
slc s8o0il from the Experimental Site 1 at
PUC/RJ. One of euch chemical weathering
Indeces, the index f, varliee from 1, in sound
rock, towards D as the degree of weathering in-
creases., Sertd (1988) determined the variation
of B with depth, from a boring located about
1,5 m from the pit where the block eamplee were
obtained. Figure B reproduces part of euch
data. Average values of drained strength were
aleo plotted agalnst depth in this flgure.
Both the lixiviation Index and the average
strength show the eame trend, providing further
evidence that the lower strength obtained In
the testee on block 11 are aeeociated to a
higher degree of weathering.

Comparing the resulte for the saturated and un-
saturated epecimens ehown in flgure 8, the
higher streas ratios observed for the unsatu-
rated mature reslidual soli may be related to
higher coneolidetion etresees and suction ef-
fects in the uneeturated sampies or to loee of
chemical bonding In the eeturated ones. From
the evidence of very etiff behaviour of the ea-
turated specimens of sample S In figure 7, It
eeeme more |ikely that the Initial oetate of
etreee would be the responsible.

On the other hand the higher valuee of strength
for the weaturated saprolitic eoll are belleved

2471



Mot

L ]
Saturated Permeability (c

Fig. 10 - VvVariation of saturated permeabli||ty
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to be moestly related to bonding dliesruption /
grain breakage during consolidation at higher
stress In the unesaturated soil.

0 Permeabliity

The results from the permeabl| ity teste carrled
out In the triaxial cell under consolidation
pressures of 10 kPa are shown In figure 10.
The very large scatter obtained could be rela-
ted to the small especimens used In the teste
(0 = 3@ mm, h = BO mm) end would refliect chan-
ges In microstruture from point to point In the
eame block sample. Within the scatter, the re-
sulte do not show any trend In variation with
depth for the saprolitic samples, In agreement
with data previously collected by Costa-Fllho
and vargas Jr (1986). The relatively low va-
lues of permeabiiity In the meture reeldual
soil (sample nr 5) are consiestent with the ab-
eence of poroue etructure which can be observed
only in the superficlial 1 to 2 m. The results
in figure 10 Include specimens with banding In-
clined at different angles with the wvertical
but no coneistent anisotropy Indication could
be found. Howsver, the scatter observed In the
reeulte can be related to variations (In ths
conventional void ratio as shown In flgurs 11,
This Ie to be expected since thes permeabli|ty
should be more affected by the vold sizee and
distribution than by the grain mineralogy or
contacts.

COMPARISON OF THE WEATHERING OF SANDSTONES AND
GNEISS

The different weathering behaviour of quartz
sandstones and gneleslic rocke, are mainly rela-
ted to the distinct mineralogy of both rock ty-
pes. Quartz grains In both materiales are che-
micaly etable, however feldspar and micas In
gneissic materials show a different sequence of
alteration, as indicatad in the mineratogical
analysis (Figures S and 8). Therefore the good
fabric relationshipse with engineeering beha-
viour obtained on eandestones, would be dlffi-—
cult to quantify preclisely in gneisses, since
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Flg. 11 - variation of permeabi!lityu with vold
ratio - Experimental Site 2.

feldspars and micas suffer alteration at diffe-
rent rates. The distinction of weathered and
unwoathered minorale le far too simple to re-
present the eeveral stages present in the alte-
ration process.

In order to obtain a good relationship between
graln contacts and engineering properties for
these gnelesic rocks, one would have to conei-
der the grain contact area for these different
mineral alteration leveis. Thies would be a diIf-
flcult task to quantify.

Nevertheiess, the fabric presented for the
weathering profile of gneiss investigated, as-
sociated with thes chemical analyses performed,
have shown a qualitative explanation for the
obeerved geomechanical behaviour, particularly,
deformation and strength, Therefore, It Is im-
portant to wundarstand the aeveral variables of
the fabric which will control the engineering
behaviour of these materials. in this sense
the grain contect model! developed for sandsto-
nee could in part help us to understand further
the engineering behaviour of residual solles.

3. ARISOIROPY OF A GNEISSIC SAPROLITIC SQIL

Structural anleotropy Inherited from the parent
rock Is commonly observed at macrostructural
level In eaprolitic eolle derived from meta-
morphic (echloet, phylite, gnelss, slate, etc)
end sedimentary (shale, mudstone, etc) rocks,
1nis type of anisotropy I8 distinct from that
Imposed to the mass by the presence of relict
featuree such as permeable or Iimpermeable
layers, weak layers, Joints, etc.

Deepite |Its potential Importance for geotechni-
cal studieos, only a limlted amount of data |s
avallable in the Iiterature.

Table 2 summar|zes deta of eshear strength para-
moeters from different types of saprollitic solls
derived from metamorphic rocks.

The reeults show In general the occurence of
anleotropy of ehear strength parameters, with



Table 2 - Shear Strength Parameters for Saprollitic Solls from Metamorphic Rocks

| | | STRENGTH FROM | WATER ! |
| PARENT ROCK | MACROSTRUCTURE | DIRECT SHEAR TESTS | CONDITION | REFERENCE |
l | | e i o o i e e e R e e e | | ]
t | | PARALLEL | PERPENDICULAR! | |
e et | e o e B < |
| Ferritlc | Laminated | ¢‘’= 20 kPa | <c¢‘= 50 kPa | Partially | Sandroni

| quartzlte I (silty sand) | = 370 | @F’= 4949 | ssturated | (18B5b) |
| === ———a b il tntda el bt bt o mmem———— e b ¥ okttt P~ ————————— |
| Micaceous | Schietose | ¢’= 940 kPa | c¢‘= 45 kPa I‘Partlally | Sandronl |
| quartzite | (aandy silit) | @’s 220 I @’'= 270 | eaturated | (1885b) |
| et o Kttt it kbt Ll I rmmm o mmm—ms——s e i |
| | Banded (mica | ¢’= 40 kPa | <c¢‘= 52 kPsa | Partially | Campos |
| Migmatitic | rich bands) | @’= 200 ! #‘= 230 | satuyrated | (1874) [
| quartzite | | ¢’= 30 kPa | c¢’= 48 kPa | Submerged | Campos !
| 1 | #F’= 210 | @’= 220 | 1 €1979) |
| —memmmm e fmmmmm e fommm—————— p————————————= fmm———————— fmmm——————— 1
| Schist | Laminated | ¢’= 78 kPa | ¢‘=100 kPa | Partially | Durci and |
| I (slity sand) | @’= 280 | g’'= 270 | eaturated | vargas(83)!
[ e et L LD L L L LRt fmm fmmmm fmm———————- et |
| Phyllte | Schistose l ¢’= 10 kPa | ¢‘= B0 kPa | Partialtly | Durci and |
| (micacaous) | (silt) ! #'= 280 I #'= 410 | saturated | Vargas(83)!
22 AR R RN EAERERRES R R R R R R R R YRR R R R R R R R RER R RER R R EREREERERERERRERERREREEEERERERIERIERERERE;RESESES)
Increasing difference for the more laminated

materials, In agreement with that, the gneis-

sic saprolitic soll from Experimental Site 1

does not show any definite aniaotropy In direct

shear tests (Sandronl and Maccarini, 1881).

For a8 granitic saprolitic eoll, 88 expected

from the lack of preffered orientation of the

graine, Cheung et al (1888) found aimiiar para-

meters for in the horlzontal

and vertical

eamples ahesarad
directione.

Dats from anleotropy in compressibility and de-
formabl ity of eaprolltic solls Is very scarce
and only oedometer tests with aamples orlented
In different directions are presented, without
conclusive reeults.

In relation to permeability, very few test re-
sulte are reported in the Iiterature, even con-
sldering the possible Importance of anlaotropy
In retation to stability of slopes In saprolli-
tic solls from metamorphic rocks. Values ob-
talned by Sowers (1983), In a Iimited serlies of
tests of gnelesic seprolitic soll indicate in
average, 8 highar permeabiiity In the direction
paralle!l to banding, 2-9 timea largar than
perpendicular to it. Mori at al (1878) indl-
cate that for the seaprollitic soli from gneiss
at |tumbiara dam the permeabiliity along the
banding Ia about 1,9 timee that across the ban-~
ding. The reeulte of the teste presented above
for the eemplies from Expsrimental Site 2 did
not Indicete any marked anisotropy In permeabi-
Iity.

Some data hae been obtained from a eerliee of
tests cerried out to inveetigate the anisotropy
of a well banded gneles from Chepéu d’‘Uvas 8|te
and trled to relate to fabric etudy.

The originel rock is e pre—cambrian kinzigite
biotite gernet gneiees, ehowing at & macro scale
a well marked anleotropy, with regular alterne—
tion of felsic and mafic centimetric bands (see
plate B8). The weathering proflle In the areas
la characterized by 1,5 m of a eilty clay ma-
ture residuel 8o0il underliain by & slity—-sandy
eaprolitic s8oll reaching 30 m depth. The
transition between the saprolitic soll |le late-
rally stepped and Is characterlzed by a 20ne of

PLATE 8 - Macrostructure of eeprolitic eoll of
gneiss will bended etructure,
approximately 2 m of weathered gnelss, before

reaching eound rock.

The eamplee ueed in thle study werea obtelned at
a depth of about 8,0 m in the profiie.

FABRIC STUDIES

The fabric of the

pletes 10 and 11,

eaprolitic aoll ie shown in
obtalined by photogrephe on
Impregnated thin sectione prepared perpendi-
cular to Dbanding. The well marked anleotropy
observed In the macroecele (plate 9) le not
well defined, due to the stete of weathering of
the materiai. The reletion between the fine

and coaree grained frectione la above 50%, in-
dicating that the fine grain fraction |e probe-
bly controlling the engineering behaviour of

the materital.

were obtained
confirming that
the eaprolitic

of sampliee from the
local variations In
eolle ere frequent.

Both platee
same block,
fabric of
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PLATE 10 - Saprolitic soll of 8 kinzliglta
gneies - Quartz (+ 20%) and trace mica grains
are obeerved in a matrix probably of clay mine-
rals (+ S50%) end Iron oxide (i 30%). The
orientation of grains |e not predominant.

PLATE 11 - Saprolitic soil of a Kkinzigite
gneiss - Quartz (+ 30%) and mica (+ 15%) grains
are observed In a matrix probably of clay mine-
rals (+ 40%) and Iron oxide (+ 15%). The
orlentation of quart2 grains are clearly seen
in 8 "maes™ of matrix.

Plate 10 shows a non ortented fabric and a iar-
ger percentage of collapsed matrix. On plate
11, the quartz graine bands show some orlenta-
tion, more grains of mica are present and o
small decrease In the percentage of matrix.

GEOMECHANIGCAL CHARACTERISTICS

The iaboratory tests caerried out consisted of
mulitiple stege triaxial and direct shear tests
and ocedometer teeots. For the triaxlal tests,
saturated specimens were used, while the direct
shear and oedometer specimens were tested ot
natural water content and submerged. For the
oedometer and direct shear tests the specimens
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Tabie 3 — index Properties of Block Samples

L) 1 % Il LL | PL ISPECIFICY voIDS
SAND | SILT+CLAY | % | 9% | GRAVITY) RATIO
| | |
—————— +———-—------+-—--+-—-—4-------—-L-—---——-———'
ee,o0 | 52,0 16564 | 16 | 2,77 |1,23 - 1,53

were moulded with their axlis paralliel and poer-
pendicular to the banding. For the triaxlal
tests specimens were prepared with banding in
the horizontal direction and 1inclined 960 to
horizontal. A eerles of constant head permea-
bility tests was carried out In the triaxial
cell using specimens coneolidated at different
cell pressures and with different Inclinations.
The sample characteristics aeare shown in

teble 3.

The results of the oedometer and permeabl ||ty
tests are shown In figures 12 and 13 respecti-
vely. The shear strength parameters obtained
by tlnear regression from the direct ehear and
triaxlial tests for the etrese range of 25 to
300 kPa are preeented In table 4.

All test results show essentially no Influence
of structural anisotropy on the geomechanical
characteristics of this soll. Thie Is In gene-
ral agreement with the fabric observations and
may be due to the advanced stage of weathering
of the materlial, deepite the anlisotropic Im-
preasion glvem by the macrostructure.

Even considering the i(imited number of teste of
the present eseries, theses resuits and those
quoted before might Indicate that structural
anisotropy |s not a dominant factor for sapro-—
Iltic solls of gneiss at an advanced staghe of
weathering say wlith more than about 60% of
fines, at least not as much as for soils
derived from other metamorphic rocks. Also,
data Is scarse for the less weathered material
In which the anisotropic faaturss might be more
preserved.

4. EINAL_BEMABKS

The topic T"Fabric and Engineering Properties”
for tropical weoils correeponds to an extremely
vast subject which cannot bs covered In @
seingle paper to this Conference. The purpose
of this papsr was to present a contribution to
discussion of poessible relashionships between
fabric, weathering characteristice and engi-
neering behaviour. The authors are fully aware
of the Iimitatione of the resuits obtalned,
particularly considsring the variabllity of
structure at microstructural level and the
emall number of samples tested.

It sesms that while for relatively eimple
structural arrangemsnte, such as weathered
sandstones, some relationships cen bs observed
with engineering behaviour, for more compiex
structures esuch as a esaproiitic soll from
gneiss, thess simple models have only a
qualitative meaning. Nevertheless, both micro-
structural observations and assoclated
weathering indeces sesem to at least qualltati-
vely explaln eoms observed engineering beha-
viour.



Table 4 ~ Shear Strength Parameters

| TYPE OF TEST | WATER | DIRECTION OF FAILURE ! c’ | ). |
1 | CONDITION | IN RELATION TO BANDING ! (kPa) l{(degrees)!
! g ————— e = - e B P ————— |
| Dlirect shear | Natura! | Parallel { 4s | as |
| Direct shear | Natural | Perpendicular t 38 | a8 |
| Dirsct shear | Submerged | Parallel I 27 | 28 |
I Nirect shear | Submerged ! Perpendlicular I 27 | 28 |
Il rriaxlial | Saturated | Parallel 1 20 | 28,5 |
! ITriaxlal | Saturated | 45 degrees | 10 I an |
ssssssrsrrssssazsaseaveasss tessesTeeIsIsesNeaTseTeITACEEITIRNCSERNTARES
1 2 3 45 78 3 4 3 4 -
—— .
I
N
s \‘
v |
> |
e \
50}
T ||,|.
y [ '
| >
| i ke
- ™
3 8s B 1
T 'vikPa)
Flg.12 - Dedometer tests In a gneles|ic 8aprolitic soii from Chapéu d‘Uvassite.
(e (kPa) Dn the other hand, macroetructural features
seem to be potentially more Influencial to the
behaviour of eaprolitic soll maeses.

[¢] 60] 200 300 400 50 600 700
] [ It appeara that further etudies on eaprolitic

and reslidual eolle need necessarily to be
supported by fabric interpretation, in order to
understand the engineering behaviour of the
C t < 3 materiais. It |le recomended that not oniy thin
) & asction ehould be wused but aiao scanning
I . : electron microscopy to visualize iInterparticie
p y J relationships of the fine grained fraction

and pore elzes and shapes.

. > x It seems aliso to be necessary to develop fur-
G 10 P Y% ther work in the altered rock eide of the
NS weathering profile, to compiement the knowledge

of weak weathered gneiesic rocks.
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