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Foreword

The tests reported herein were conducted by the U. S. Army Engineer
Waterways Experiment Station (WES) for Centrais Electrias de Saé Paulo
(CecP), Sad® Paulo, Brazil, at the request of Professor A. Casagrande,
Harvard University, consultant to CESP. Authorization for the tests was
granted in WESSE letter dated 10 August 1973 in response to CESP's request
letter of 24 July 1973 and a subsequent CESP telegram dated 4 September
1973 agreeing to terms.

The tests were conducted and the report prepared in the Soils Research
Facility, Soil Mechanics Division (SMD), Soils and Pavements Laboratory
(S&PL), by Dr. F. C. Townsend and Mr. P. A. Gilbert under the general
supervision of Mr. C. L. McAnear, Chief, SMD, and Messrs. J. P. Sale and
R. G. Ahlvin, Chief and Assistant Chief, respectively, S&PL.

COL G. H. Hilt, CE, was Director of WES during the preparation of

this report. Mr. F. R. Brown was Technical Director.
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Conversion Factors, British to Metric Units of Measurement

British units of measurement used in this report can be converted to metric

units as follows:

Multiply By To Obtain
inches 2.54 centimeters
feet 0.30L48 meters
cubic inches 16.38706kL cubic centimeters
pounds per cubic foot 16.018489 kilograms per cubic meter
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Summary

The residual strengths of two micaceous soils from Paraitinga and
Paraibuna damsites, Brazil, were determined using multistage annular
shear tests. Tests were conducted under three normal loads, 1.1, 3.1,
and 9.1 kg/cme. Test specimens were densely or loosely compacted (i.e.,
100 and 90 percent of maximum standard density) prior to shear.

Test results show that the initial specimen density has no effect on
the residual shear strength ¢; values. In the case of both materials,
¢; was practically equal for both the densely and loosely compacted
specimens. The Paraitinga material exhibited a slightly higher ¢; value

than the Paraibuna material, 28.0 versus 26.7 deg, respectively.
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Residual Strength Tests
Paraitinga and Paraibuna Dams, Brazil

Introduction and Scope

1. Monotonic residual strength tests were conducted by the U. S.
Army Engineer Waterways Experiment Station (WES) on micaceous material
from Parajtinga and Paraibuna Dams. The test program consisted of multi-
stage annular shear tests on both loosely and densely compacted specimens
from both dams under normal stresses of 1.1, 3.1, and 9.1 kg/cme. In

addition, classification tests were conducted.
Materials

2. Materials furnished WES included two bag samples (2000 g each)
provided by Professor A. Casagrande and two undisturbed block (lS—in.3*)
samples transported to WES by Mr. Decio Bezerra, CESP. The Paraitinga
block sample was from station 8+68, el 639.42,%* yhile the Paraibuna block
sample was from station 3+20, el T706.91.

Equipment and Testing Procedures

Annular shear equipment

3. Multistage annular shear tests were conducted using the WES low-
capacity annular shear apparatus (LCASA). This 3-position device was
constructed at WES in 1967. Annular test specimens have a 4.00-in. outside
diameter and a 2.0U-in. inside diameter and are 0.75 in. thick. Normal
stresses are applied by a pneumatic stress cell mounted beneath the device
which applies tension to a cable bearing against the loading platen on top
of the specimen. A maximum normal stress of 15 kg/cm2 can be applied by

this method. Shear stresses (maximum 2.5 kg/cme) are measured by a torque

¥ A table of factors for converting British units of measurement to
metric units is presented on page vii.

*%* All elevations (el) cited herein are in feet referred to mean sea level.




plate through torque arms mounted on the top loading platen. An electri-

*al motor and gear box rotate the lower half of the specimen at displace-
ment rates which can be varied from 170 to 0.34 in. per day. The specimen
is confined between upper and lower confining rings, and the gap between
rings can be adjusted by screws as the specimen consolidates during shear.
1€ to the high shear stresses required to achieve the residual strength
f these materials, the maximum normal load which could be applied without
verstressing the torque arms was 3.to 5 kg/cmg. Neverthele%s, one of the
ASA units was modified to permit higher normal loads, which are re-
flected in some of the test results. This modification consisted of fab-
ting a torque plate which could accommodate a miniature load cell in-

>f torgue arms to measure the shear stresses.

a38ist in locating suitable material from which to trim undisturbed
nens. The Paraitinga material had a slight continuous horizontal
‘rack through the sample. This area was avoided. The Paraibuna material
was quite homogeneous. Density and water content determinations were made

the block samples using the Hvorslev miniature sampler. Harvard mini-

ature compaction tests were conducted on the trimming scraps of the an-
alar shear specimens prepared from the block samples. These densities

were used to compute 90 and 100 percent of the maximum standard density,
which were the densities for the loosely and densely compacted specimens,
respectively. The compacted specimens were prepared by compacting the
required weight of material into the confining rings of the unit using a
pneumatic hand-held tamping miniature compactor (similar to the spring-
loaded

Harvard miniature compactor). All compacted specimens were 0.75 in,

high, thus providing a constant volume for density calculations.

m

lest program
5. ©Seven annular shear tests were conducted, specifically:

a. Paraitinga (undisturbed block, 94.T pef).

b. Paraibuna (undisturbed block, 100.9 pef).
c. Paraitinga (loosely compacted, 95.5 pcf, bag sample).
d. Paraitinga (loosely compacted, 96.1 pcf, remolded block).

rn
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e. Paraibuna (loosely compacted, 98.0 pef, remolded block).
f. Paraitinga (densely compacted, 106.8 pcf, remolded block).
g. Paraibuna (densely compacted, 108.9 pcf, remolded block).
After the specimens were prepared, they were allowed to swell or consoli-
date under an initial normal stress of 1.1 kg/cm2 for specimens d-g or
A ﬂg/cm¥ for specimens a and b until equilibrium was achieved; however,
specimen ¢ was consolidated under 3.1 kg/cm2 and rebounded to 1.1 kg/cm2
prior to initial shear. Shear was then initiated at a slow rate of dis-
placement* (1.75 cm per day) until peak strength had been well defined
(usually after several centimeters of displacement). The rate of displace-
ment was subsequently increased to 7.02 cm per day until an apparent
residual shear strength Q; condition was reached, and then the rate of
displacement was reduced to its original value. This method of alternat-
ing displacement rates provided a less time-consuming method for determin-
After ¢; had been determined, the next normal stress of the
multistage loading was applied, shear was initiated after achieving an
equilibrium condition under the new normal stress, and finally the highest

normal stress was applied.

Test Results and Discussion

Classification properties

6. Figs. 1 and 2 present the classification test results, and
table 1 summarizes the physical properties of the block samples. There
was very little difference between the classification properties of the
two materials; both are classified as silty sands (SM). The most striking
classification difference between the two materials is color: the
Paraitinga material is dark red, while the Paraibuna material is a light
gray.

Density characteristics

7. Figs. 3 and U present the density-water content relationships

* Displacement is measured along the circumference calculated from the
mean specimen diameter.

Wh—
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of material from the block samples as determined using the Harvard minia-
ture compaction device. These curves were established to provide informa-
tion for preparing loosely (90 percent of maximum standard density) and
densely (100 percent of maximum standard density) compacted annular shear
specimens. These results of the Harvard miniature compaction tests
indicate that the block sample densities represent 88.6 and 92.6 percent
of maximum standard density, respectively, for the Paraitinga and Paraibuna
materials.
Annular shear

5. Appendix A presents the shear strength-shear displacement curves
and the vertical displacement-shear displacement curves. Figs. 5 and 6
vresent the residual strength envelopes. Neither material exhibited a large
decrease in shear strength with post peak displacements, rather only a
minor (if any) difference was observed. The vertical displacement-shear
displacement curves show (as anticipated) that the densely compacted spec-
imens dilated during the initial shear displacements under the lowest
normal stress, 1.1 kg/cm:. Hence, the compactive effort used to achieve
the higher densities imparted a slight degiee of preconsolidation. Con-
versely, the loosely compacted specimens exhibited only a swall dilative
tendency, reflecting the smaller compactive effort. The residual strength
envelopes for all tests, undisturbed block and loosely and densely com-
pacted remolded block materials, show that @; is independent of initial
specimen density. Obviously, the large deformations required to achieve
residual alter any structure imposed by compaction, and the final void
ratio in the failure zone is dependent only upon the effective normal
stress. The results also indicate that ¢; is insensitive to normal
stress, with only a slight curvature observed in the residual strength
envelope at the lower normal stresses. The Paraitinga material had a
slightly higher ¢; than the Paraibuna material, 28.0 versus 26.7 deg,
respectively. The extremely high ¢; values for these materials are
attributed to the small quantities of minus 2-p sizes (less than 15 per-
cent). Surprisingly, the Paraibuna material has a lower liquid limit,
plasticity index, and minus 2-u content than the Paraitinga material,

yet it exhibited a lower ¢; value. This lower ¢; value could possibly
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‘l be attributed to mineralogical differences (perhaps a higher mica content).

Table 2 summarizes the residual strength tests.

9. The following conclusions were drawn based on the test results:

a. The Paraitinga and Paraibuna materials are quite similar;
both materials classify as silty sands (SM). The most
striking difference between the two materials is color. The
Paraitinga material is a deep red, while the Paraibuna mate-
ial is a light gray.

|o’

Based upon Harvard miniature compaction tests and densities
measured using the Hvorslev miniature sampler, the densities
; of the block samples represent 88.6 and 92.6 percent of maxi-
2 mum standard density, respectively, for the Paraitinge and
Paraibuna materials.

1 ¢. The residual angle @' for this material is independent of
initial density. In fhe case of both materials, the Q;
values for the loosely compacted specimens were practically
identical with the @' values of the densely compacted
specimens. %

| =

The ¢; for Paraitinga material is slightly higher than that |
for Paraibuna material, 28.0 versus 26.7 deg, respectively. |

A
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“ Table 2 ﬁ

Summary of Results of Annular Shear Tests

& Residual

Normal D?i;iagé— Shear Displacement per

Stress etk G?rength Stag? Requ%red t:*

Cample Description kg/cm2 cm/day ¢r » deg Sl gr s GO
Paraitinga, 8.1 £ TS Sl 8.7
undisturbed block, 3.1 T.02 31.2 49.8
9k.T pef L 8 7 il ST
il s 33.6 9.6
1 02 330 29.4
ileal LS 32.9*% 10.4
Paraibuna, 3.1 1.75 29.5 9.8
undisturbed block, Sl T.02 28,7 48.7
100.9 pef Sl LT 28.5% 8.5
1.1 b 2T.4 9.6
1. T.02 27.8 29.4
9t 175 27.4% 10.9
9l 1) 28.4 16.1
gl X.02 2k S
91 Wi e 16.1
Paraitinga, bag 1.1 it s 34.5 25.3
sample, loosely el T.02 335 28.3
compacted, Tl L.75 A 12.3
95.5 pef el LTS 29 .4 19.0
Sk T.02 27.8 LT.1
Skt 1.5 20T 15.4
Paraitinga, block Tl L5 32.0 LT
sample, loosly yf ekt 7.02 30.8 33,
compacted, L.l 1505 3L.2% 5.9
96.1 pcf il 10505 305 Sits;
Sl 02 29.6 L8.7
ol L5 30.0% 2.8
Sl Ll 29.5 13.8
5.1 7.02 28.6 79.9
Sl 175 28.2% 6.4
Paraibuna, block 1l S S0l 28.0
sample, loosely il 7.02 29.5 36.8
compacted, 13 Wi s 29 . 3% 2
98.0 pef 3.1 1.75 28.5 13.8
3.k 02 28.0 T9.9
%ol L[5 26.9% 6.4

# Residual strength for a given normal load, taken at slowest displace-
ment rate at greatest cumulative amount of displacement.

*¥% Not cumulative.
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Table 2 (continued)

Residual

Normal have of Shear )isplacement

2 Displace- \ a :lgy ufemep per

utres§ Bans u%renyth ugug$ Required to

Sample Description kg[cm” cm/day or » deg S @; g S
Paraitinga, block Tl 1.75 33.8 15.6
sample, densely j T.02 32.3 35.8
compacted, TR L.75 32. 4% iy
106.8 pef Bk A 30.8 13.T
oo T.02 29.8 79.9
3ol 175 29 .6% 6.4
9.1 1.75 28.1 53.1
9.1 7.02 28.1 = Bl
9.1 JEH 2T.7T* 28.5
Paraibuna, block it 1.75 28.3 38.2
sample, densely (e T.02 28.1 14.0
compacted, 3 S 28.5% LT
108.9 pef 3l L5 29.6 19.5
3k 102 28.6 DewT
Sl S 28.L* 8.4
Sl 1L 27.9 150
9Ll ez 27 .4 Ly, 3
9.1 N 27 1% 2:3
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Appendix A: Shear Strength-Shear Displacement

and Vertical Displacement-Shear Displacement Curves
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