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Summary: The principal body of data ‘acenmulated hy CEOTEC-
NICA over the past fifteen years, in over 10.000 borings -
connected with the very rapid growth of the foremost PRrasi-
lian cities, is tisd to the Mohr-Geotécnica sampler, emplo-
yed under very carefully systematized and controlled condi-
tions, The equipments and methods employad are summarized
for due comparison. Farther, statistical correlations are

estahl ished to determine the influence of various factors ~a
panle of affeeting GEOTECNICA's penetration index, and a

metliod of gmuality control employed is dascribed and discus-
sed., Finally, some correlations are stablished with refe-

Tence to the Standard Penetration Test (as loeally perfor-
med, since all details of the equipment and procedure were
not initially specified) and to the point resistance measu-

rad by the static penetrometer.

Sumirio: El cuerpo principal de los datos acumulados por la
CROTECNICA durante los Gltimos quince anos, en aproximada-
mente 10.000 sondeos ligados al crecimisnto exiremamonte Té
pido de las principales ciudades del Brasil, es concernente
al sacamuestras MOIR-GEOTECNICA, empleado bajo condiciones
muy cuidadosamente sistematizadas y controladas. El equipa
meinito y los mdtodos empleados fueron resumidos para la debl
da comparacidon. Ademis, correlaciones estadisticas fueron
pstablecidas para determinar la influencia de los diversos
factores capazee do afectar el indice de penetracion de la
CEOTECNICA, vy fud deserite y discutido un método de control
de calidad empleado. Finalmente algunas ‘correlaciones fue-
ron establacidas con referencia al "Standard Penetration -
Test" (como es ejecuntado localmente, ya que todos los deta-
wamento y del processo no fueron inicialmente

lles dol equi
GSpacificadoss y a la resistencia en punta medida por el pe

netrometro estéddico.
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Introduction

It is well recognized in the field of foundation-
engineering that the determination of spoon penetration re-
sistances in exploratory borings is of paramount importance
to the solution of the vast majority of foundation problems,
Since the spoon samples retrievad from the so-called dry-
sample borings are quite satisfactory for the complete i-
dentification of the soil-type involved, under whatever
system of classification may be selected, it was merely nece
sary to associate a simultaneous measurement indicative of
the consistency or density of the respective soil, in order
to provide all the data required for rational evalouation of
the subsoil's probdable behaviour.

It was indeed fortunate for Brasil that when the
outstanding growth of its principal cities evolved into the
building of skyscrapers, some systematie practices had been
recently introdoced, in foundation exploration, by Dr. 0.
Grille aid his initial collaborators in S. Paulo: thus it may
be claimed that thousands of buildings erected in the past
15 years have foundation designs in some way attached to a
single systematic procedure of routine subsoil investigation
When the Standard Penetration Test was introduced by Geotéc-
nica about a decade ago, it was naturally adapted to the
existing procedures, in whatever details appeared to be left
open in the text ll]*. Thus, both of these dynamic pene -
tration resistance indices have been mentally correlated to
certain design decisions (e.g. allowable hearing pressures,
lenths of precast piles, ete,.) that appear to have worked
satisfactorily, and we are presently attempting to translate
this experience into whatever empirical egquations and rules
may be found adaptable,

Meanwhile, the subject of dynamic penetration resis
tances has very commendably heen brought into a focus. of at
tention, for the purposs of elucidating questions that arise
on their fundamental interpretations, and with the intention
of recommending an jnternational standard test. Within any
concerted effort toward establishing such a highly desirable
penetration test of universal acceptance, the influence of
each factor on the results will have to be investigated not
merely by carefully controllod laboratory tests (2,3,4) but
also by the analysis of field evidence (5,6,7): furthermore,
due care should be taken towards preserving any worthwhile
interpretative experience attached, tg existing methods that
may be abandoned for the sake of future aniformity,

# These numbers relate to the references listed at the end
of the text. =
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Herein are described some of the principal items
of our penetration resistance measurement, as well as some
of the statistical studies that have been and are being con
ducted to evaluate their influence under routine working con
ditons, ;

The Mohr—beutécnica penetration resistance, and the Standard
Penetration Test (S§.P.T.) as conducted by Geotécnica;

The common reconnaissance boring, of most wide -

. spread use until recently, employed 2" casing and collected
drive samples in the so-called Mohr-Geotécnica spoon sampler
of outside and inside diameters of 1 5/8" and 1" (Drw. ZT.
The driving energy is the same (65 kg falling through 0.75m)
as is applied to the Standard Penetration Test (S.P.T.]}: the
implements and method of applying these blows may be deduced
from details presented in Drw. |.

.Since the dissemination of the S.P.T. spoon |Drw.)
and of 2" shelby sampling of ciay strata (special reconnais-
sance borings| the 2" casing has been practically entirely
substituted by 2 1/2" casing which permits the use of all
these samplers intercliangeably. The perforation within thie
casing of 65mm internal diameter is performed by a spiral
auger of 56mm diam, (Drw. 2) above the water level, and by
_wash-drilling (Drw, 2) below it, using a bit with a cutting-
edge 60mm wide, X '

The spoon sampler is attached to a set of 1" gal-
vanized pipes [(inside and outside diameters of 24.5 and 33mm,
weight 3 kg/m) connected in lengths of 2m by standard water-
. pipe sleoves, These are important details to bear in mind
because not only are rotary drill rods (AX,BX,EX) being used
at places (3) but also square steel bars are known to beused
extensively in the Ibherian peninsula, and everywhere the
name Standard Penetration Test is being applied merely be -
cause the sampler is the same and the driving energy is be-
lieved to bhe the same. We must also call special attention
to details of our driving weight (Drw, 1): the guiding rod
is attached to, the weight and runs down the 1" pipe, the
pipe is fitted with a protecting head to receive the blow,
and the under side of the weight is fitted with a hard wood
cushion,

The only real differences between our common Mohr-
Geotécenica penetration index (R.P.1.) and our version of the
S.P.T. result from the differences in size of the samplers
and from the fact that the former index was referred to the
number of blows for the first 30em of penetration whereas
the latter is based on the number of blows for 30cm of pene
tration after an initial penetration of 15em, 1t must he
noted. however, that before starting the penetration count
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the weight is allowed to rest on the composition rods attachi
ed to the spoon: thus there is an initial static penetration
through loose material collected at the bottom.

Since the very beginning it was realized that it
was better to insist upon strict routines that did not re-
quire the fallible, and frequently caleculated, judgment of
the field crews. Therefore, strict instructions were main-
tained requiring a sample from every mster of perforation,
and requiring the counting of the number of blows for every
I5cm of penetration from 0 to 45cm. This same procedure was
maintained for both samplers., Thereupon, in the office,when
classifying the soil, the penetration index was computed by
adding the number of blows over the first 30cm penetration
of the small sampler (R.P.I.) or over the final 30cm pene -
tration of the big sampler. (S.P.T.).

Such are, in short, the equipment and procedures
implied in the Mohr-Geotécnica penetration index (R.P,1.)and
the Standard Penetration Test (S.P.T.) as used in Drasil.

Continuity of penetration characteristies over total driven

length,

The recommendation to disregard the blows for the
first 15cm of penetration in the Standard Penetration Test
appears reasonable if one takes into account the probability.
that over a certain depth below the hottom of the hole the
condition of the soil has been affected by stress variations
and swelling or failure (8), Since this had not been done
with the Mohr-Geotécnica sampler, it was feared that these
results might be vitiated, although the vast accumulated evi-
dence appeared to indicate to the conlrary. .

A systematic investigation was therefore under -
taken, an example of which is reproduced in Drw., 3. To begin
with, the penetration resistance datia from hundreds of sam-
ples in each type of soil, at different consistencies or
relative densities, were pooled for the determination of
graphs and equationesimilar to that shown in the upper graph
o Darw, T3, corresponding to a coarse and medium sand. The
number of blows for the three consecutive stretches of l5em
were transformed into fractions of the total, to make the
beginning and end points coincide for ali samples, Thereupon
a statistical analysis was used to determine ithe nature of
.the curve of best Tit through these two fixed end-points and
the two intermediate variable points, An equation of para-
bolic form was found suitable., In the next step the equatim
of the best fit n - a 4 bp + c¢p? for the three iast points
(p - 15,30, and 45cm) was computed, and it was checked to me
how closely to the (0,0 point it passed: it was found that
this latter point invariably fell within the 95% confidence
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limits of the above equation, proving to satisfaction that
there is no real discontinuity in the penetration behaviour
over the first I5cm and last 30em, This same conclusion was
also reached by investigating the relationship between the
Mohr-Geotéenica penetration index over the first 30ecm (R.P.
1.) and a possible substitute for it using the last 30cm (R.
P.F.): at the bottom of Drw. 3 the overall average relatims
ship R.P.F. = f(R.P.I.) is furnished based on random data
including all types of soils, and the statistical proof is
summarized to the effect that despite the variation of soil
types and the simple linear relationship established, this
relationship is valid to better than the 5% significance
level ,

Quality Control

In view of the above discovery, it appeared extire
mely useful, under the working conditions prevalent in Bra-
8il, to maintain the requiremenrt of 2 geparate count of the
number of blows for each successive I5cm of penetration, and
to use this data for the purpose of a quality control, si-
milar to that which is current in industry, by comparison
of the R.P.I, and R.P.F. values within the confidence limits
estatiscally established. The graph shown in Drw. 4 has
been used very satisfactorily for this purpose; it has been
possible to detect, on the spot, unsuspected conditions of
sudden change of soil layer, damage or deterioration of e-
quipment (spoon or driving weight) or temporary systematic
deviation of any boring crew from the standard procedures
recommended,

We therefore feel justified in recommending some
such quality control, quite independent from field opera-
tions, The counts over three to four parts of the total
driven length may be employed, without necessary restric -
tion to 15cm lengths,

One important factor that is presently being in-
vestigated as a result of these studies is the length of
sample that enters the sampler. 1In most of the soils en-
countered in our routine work {briefly described in the fol
lowing table) it appears that only about 15-30cm of soil —
enters the sampler, the remainder of the penetration pro -
bably being achieved by displacement of the soil as if a
solid bar were driven, It would obviously be most desiratlk
that the number of blows registered as the penetration in-
dex correspond, as exactly as possible, to that part of the
penetration over which the soil is retrieved in the samp len
This factor may call for adjustments of the internal dimen-
sions of these spoon samplers,
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Influence of soil type upon R,P.F. - R.P.I, relations.

The difference between the R.P.I. and R.P.F. values
should basically furnish indications on the influence of re-
lease of stress above the water table, and of the total ef-
fects of release of stress plus slaking and swelling below
the water table. Such effects may well be different for dif-
ferent soils, The relations between R.P.F. and R.P.I. were
therefore investigated separately for several of the soil
types listed in the above table. These rosulis are summari-
zed in Drw. 5. In a general way it may be seen that the more
sandy soils (e.g. soil types 9 and 5) indicate a slightly
greater effect of stress release, i.e. the difference between
the R.P.F. and R.,P.I. values is slightly greater; the silty
clay soils nos, | and 3 indicate just the opposite tendency.
At any rate, however, the differences between various soils
are very small and it is observed that a smaller no. of da-
ta (e.g. soil type 6) can easily invalidate these tendencies

Below the water level, where the cumulative effect
of satress release and of contact with free water is felt,
s80ll differences transpire in a more pronounced manner, and
now the relative position of clayey and sandy soils is re -
versed: the added effect of swelling is therefore important,.

Influence of contact with free water [submergence)

In'view of the ahove Indications of a moderalely
pronounced influence of water, it was sought to investigate
this effect separately in a few soils under two different
conditions: by comparison of the equations from drawing 5
for the condition above and below the water table; and by
comparing data of soils above the water table under the two
distinct methods of perforation, in the dry (auger) and by
use of water (wash-drilling).

The five small graphs presented in drawing 6 show
that in every case for a given RPF value the RPI value above
the water level (lines (B) ) is greater than below (lines la)’
which confirms the softening effect. T[he statistical ana-
lysis of co-variance summarized in table I of the same drawhg
proves that these differeces are significant {to 5% signifi-
cance level].

It has been noticed that above the water table dif-
- ferent results may be obtained if the perforation is done in
the dry or by wash-drilling (9,10). An analysis of co-varian
ce based on 138 pairs of results shows, however, that there —
is no significant difference, It is concluded that the dif-
ference above mentioned may, therefore, be due principally
to the impossibility of cleaning a deep hole properly by the
spiral amger, as a vesult of which there is an accumulation
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of friction.
Effect of depth on tendencies toward disturbance {above water

tahle

‘ Assuming that the disturbance effects are reflect-
ed by the difference between RPF and RPI-values, the study
of such effects in the clay-type soil n° 1, above the water
table, was carried one step further. by separating the data
within five-meter increments of depth. The result of this
gtatistical analysis is summarized in Drw.7. the upper graph
.representing the straight line relations as determined, and
the lower one representing 1linear equations which were forced
to pass through the origin.

With the exception of case (d) (depth 15m) for
which the number of data was very scant, it may be observed
that there is a steady change of behaviour with depth - a
tendency that was demonstrated to be significant by statisti
cal analysis. It is interesting to observe in the upper

raph that the straight lines cross at almost the same point
RPF =8, RPI <6) indicating that the behaviour is different
in soft-to-medium material and stiff-to-hard material., In
the soft material the softening effect is greater at the
greater depths, whereas in the stiffer clay the reverse is

found to be true. o
Correlation between the Mohr-Geotécnica index (RPI) and the
Standard Penetration Test. [SPT] '

In a recent foundation study inveolving a coarse and
medium sand deposit of appreciable thickness, hundreds of ;
borings were called for, using-separately the two spoon
Qamplers. This furnished an excellent opportunity to es-

. tablish a correlation SPT w¥s. RPI in this soil, in order to

confirm previous correlations (9). This correlation was
first established rather satisfactorily, although based on a
relatively small number of data, by comparing penetration in
dices of the two samplers within the adjacent borings, at
distances of abont 0.5m. In order to increase the number
of data, an attempt was made to extend this correlation to
cases of borings at distances of about 30m., The deposit was
apparently homogeneous and it was thought sufficient to use
paire of values at the same elevations and depths.  However, -
a shot-gun plot resulted (Drw. 8 b}, indicating rather
high scatter in individual values., This problem, neverthe-
less, was easily hy-passed by taking average values (at each
elevation and depth) for several borings of each type: these
average values led to the correlations shown on graphs ¢, d
and e of the same drawing confirming in a very satisfactory
manner the earlier correlation., This statistical analysis
was based on 912 values derived from 42 borings.
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This same subsoil investigation is lending itself
to another investigation with reference to the effect of
depth on the penetration resistances in cohesionless soils.
On an average, the borings have not revealed the steady in-
crease of SPT or RPI values with depth as should be obtained
'udg;ng from carefully conducted laboratory investigaticns

23l
Correlation between SPT and static cone- penetrometer

: The foundation studies for the new federal capi-
tal, Brasilia, involve oprincipally an unsaturated "porous"
red silty clay, which has been extensively investigated not
merely by dynamic penetration resistances but also by the

statlc penetrometer, for the sake of pile foundation designs

Drawing 9 presents the preliminary resuits of at-
tempted correlations between the SPT values and static point
resistance_values. In the upper graph a single relationship
was established irrespective of depth: +the co»!idence 1i-
mits on this equation proved to be very wide, indicating
that another factor was interfering. The lower graph indeed
proves that the depth affects the desired correlation in
quite a consistent manner: for a given SPT value, the point
resistance increases with depth, so that it may be conclud
ed that the point resistance values increase more ragidly
with depth than the SPT. Since it cannot be concluded whether
the SPT value itself does not also varv with depth in a soil

of constant consistency, this study ias presently being ex-
tended bv establishing correlations between the SPT values
and the unconfined compression strength of undisturbed speci
mens from various depths, Drawing 10 shows the results of
the first correlation of -this type obtained on a similar
"porous" unsaturated silty clay from S.Paulo, soil type n®2,

Conclusicns

Statistical analyses based on a sufficient nmber
of data from routine subsoil investigations can furnish inter
esting correlations, sometimes even indicating unsuspected
influences; the examples shown above demonstrate that to
begin with an ample number of data should be used so as to
permit sorting out the several factors capable of influ-
encing results., While much needs to be done to investigate
correlations of dynamic penetration resistances with funda-
mental geotechnical properties such as strength and density,
the undisputable conclusion remains that this method of sub-
80il investigation yields consistent results, that can be
adapted to techniques of quality coentrol, which permit em-
pirical correlations to be established with certain design
decisions, proven by experience. (eotécnica is presently
engaged in seeking such correlations on two important items-
allowable hearing pressures on footings, and estimate of
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precast pile lengths.

Conclusiones

Analises estadislicas basadas en un némero sufi-
ciente de datos de investigaciones rotineras del subsuelo
pueden proveer correlaciones interesantes que indican a ve-
ces hasta influencias inesperadas:- los ejemplos arriba pre-
sentados demuestran que inicialmente un amplio nGmero de da
tos deberia ser usado para permitir que se eliminen los va-
rios factores capazes de influenciar los resultados, Aunque
mucho deba ser hecho para investigar las correlaciones de
la resistencia de la penetracion dinamica con las propieda-
des geotécenicas fundamentales como la resistencia y la den-
sidad, permanece indisputable la conclusién de que este mé-
todo de investigaci6n del subsuelo lleva a resultados con-
sislentes que pueden ser adaptados a téenicas de control de
calidad, que permite que sean establecidas correlaciones im
péricas con ciertas decisiones de proyecto, provadas por la
2xperiencia. La CGeotécnica est4 en el presenie momento em-
penada en establecer tales correlaciones con referencia a
dos importantes itens - presiones unitarias admisibles en
ﬁapatas. ¥ apreciaciones de larguras de pilotes pre-fabrica

0s. ;
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TABLE OF SO1L CHARACTERISTICS
APPROXIMATE GRAINSIZE
N ‘ i " i
Type of Soil LL% /LP% % Clay | % 51| % Samd
silty elay-plastic me _aq.
1 consolidated, inactive gg_ig,: 50 20 30
mottled yellow-red.
2 silty clay-porous and 60-70%
friable, red 30-40% #0 39 0
silty clay -matureie 30-40%
3 sidual soils, porous, 10_20‘;" 10 10 20
friable, red
residual silty clay, =
4 red (mature decomp.of gg_gg;ﬁ 30 30 40
gneiss| :
fine and medium elayey not
5 sand - yellow plastic $ 15 60
fine and medium elayay et
6 | sand - yollow as 2 20 15 | 65
fine uniform sand, not A 5 95
7 grey 0,1 <¢ <0, Zmn plastic
coarse to fine sa-(nd.
some sgiit and elay (re not ’
8 sidual soil fram decamp. plastice 10 30 60
of gneissand granite)
sandy silt - (decoemp, not
9 of micaschists)yellow plastic 2 20 30
clayey silt - (ma- Ard
10 ture decomp. of mi fg_ggé 30 55 15
caschists), red
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MOHR — GEOTECNICA SAMPLER AND PERFORATING EQUIPMENT ,
SACAMUESTRAS MOHR — GEOTECNICA Y PIEZAS DE PERFURACION
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DEMONSTRATION OF CONTINUITY OF PEMETRATION CHARACTERIS~-
TIC5 OVER TOTAL DRIVEN LENGTH

DEMONSTRACIOH DE LA CONTINUIDAD DE LAS CARACTERISTICAS DE
PENETRACION A LO LARGO DEL CUMPLIMIENTO TOTAL CLAVADO

0,00

\\ n=0,006+0,0181 p +0,000134 p?
0,25 | / [ |—
\ = COARSE SAND
ARENA GRUESA
: (IPATINGA 1-]
0,80 \
|

VARIATION INTERVAL

INTERVALD DE VARIACION \

N® DE GOLPES (% FRACCION DEL TOTAL)

N OF BLOWS (% FRACTION OF THE TOTAL)

RPF

EXETRATION

N! OF BLOWS OF THE LAST 30¢m #

0,75
N2 OF DATA 1
400
|| NS DE DaTO!
1,00 -
i5 , 30 a3
PENETRATION — PENETRACION p em
£
-1 24
ANALYSES OF STATISTICAL VARIANCE
I
§ Pf= 0,7 + 1,23 AM ENALISE DE VARIANCIA ESTATISTICA
w20 =
5 + SOURGCE OF VA-[SUK OF THE [ DEGREES GF
3 \ RIATION 1 SQUARES FHEEDOM VARIANCE
w ™, FUENTE DE |suMA nE 105 |GREGOS DE | yaniancia
3 i VARIACIONES | CUADRADDS |LIBERTAD
= { UE
= / ”Eg"‘ggsmﬁ 79 857 ' s = 79 87
o
G i REanEssn N
e HE
& / wsnaassnon 2
< 3 SOBRE 38 743 2 S = j8 381
= / nsonfssw‘n
B8 1 +
3 / | TOTAL |118 a30 1T04 «2: &8,33
| 7 N2 GF DATA '
A 4 1.705 —
b / f HE DE DATOS .2 "
o -—‘-2: 4,334 > 2,99 . RPFF= 1 (RPI)
- . e :
w 0
a ] 4 8 2 18 20 24
e NS OF BLOWS OF THE FIRST 30 em PENETRATION e
N2 DE GOLPES DE LA PENETRACION DE LOS SRIMLCROS 30em
% 2,99 = Fp WITH 5% SIGNIFICANCE LEVEL — GON 5% DRW.
DE NIVEL DE SIGNIFICANCIA
(TABLE V= VARIANCE RATIO-FISHER B YATES) DIBUJO
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CHART OF GUALITY CONTROL OF BORINGS
= GRAFICO DE CONTRCL DE CALIDAD DE SONDEGS
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INFLUENCE OF THE WATER ON CORRELATION
INFLUENCIA DEL AGUA EN LA CORRELACIGN
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INFLUENCE OF DEPTH ON CORRELATION — RPF=H'RPI)
INFLUENCIA DE LA PROFUNDIDADEN LA CORRELACION
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/f CORRELATION OF RPI AND SPT 4

vl CORRELACION DEL RPI CON SPT
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CORRELATIONS BETWEEN S.PT. AND POINT RESISTANCE (DEEP SQUNDING)
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PRELIMINARY CORRELATION OF UNCONFINED COMPRESSION STRENGTH AND STANDARD
PENETRATION TEST

CORRELACIONES PRELIMINARES DE LA RESISTENCIA A COMPRESS1ON SIMPLES Y
STANDARD PENETRATION TEST
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