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Foreword

The ‘t~~ts reported herein were conductea by the U. S. Army Engineer

~aterw ay . Experiment Station (WES ) for C ent r d s  Electrias de SaO Paulo 

) , ~~~ Paulo, brazil , at the reque st o~ Professor A. Casagrande ,

1 University , consultant to CESP. Authorization for the tests was

~ran ’~~J in WESSE letter dated 10 August 1973 in response to CESP ’s request

lett~~r of 2~ July 1973 and a subsequent CESP telegram dated 14 September

197 3 u-reeing t c~ terms .

The ~~~~~ were conducted and the report prepared in the Soils Research
i a oili 4 y, Soil Mechanios Division (SMD), Soils and Pavements Laboratory

(J&PL ), by Dr. F. C. Townsend and Mr. P. A. Gilbert under the general

.5upervlsion of :1 r. C. L. McAnear, Chief , SND , and Messrs. J. P. Sale and

R. J. Ahivin , 1~~ie f and Assistant Chief , respect ively , S&PL.

2~JL ~). H. Hilt , CE , was Director of WES during the preparation of
this fe~)rt. 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 :

~ultip1y By To Obtain

I 
ir~cheo 2.54 centimeters

feet 0.3048 meters

cubic inches 16.387064 cubic centimeters

pounds per cubic foot 16.0181489 kilograms per cubic meter
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Summary

The residual strengths of two micaceous soils from Paraitinga and
Paraiburia damsites , Brazil, were determined using multistage annular

shear tests. Tests were conducted under three normal loads , 1.1, 3.1,

and 9.1 kg/cia
2
. 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 0’ values. In the case of both materials ,

0’ was practically equal for both the densely and loosely compacted

specimens. The Paraitinga material exhibited a slightly higher 0’ value

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

introduction arid Scope

1. ~1onot~ nic residual strength tests were conducted by the U. S.

~~~~~ Wate~~ays £~periment Jtation (WES ) on micaceous material

from ~irujt in~~ and Paraibuna Dams. The test program consisted of multi—

~~~~~~ ~z.~ uJ ’ir shear tests on both loosely and densely compacted specimens

~~t:. dams under normal stresses of 1.1, 3.1, and 9.1 kg/cm
2. In

id~ i~~I~ n , 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 (l5_in .3*)
samples transported to WES by Mr. Decic Bezerra, CESP . The Paraitinga

block sample was from station 8+68, el 639.142,** whi le the Paraibuna block

sample was from station 3+20, el 706.91.

Equipment and Test ing 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 2.014—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/cm2) 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. 
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• 
~~r t - r i  -~r n u  O e U n t C d  on the top loading j~ ~j t ’~ r . .  An e lec t r i—

~~t 1 :s- ’ ~::-.i JOhr U - :.: r :Lte the I wo ’ - half el the :Jc~ nr~erj at. displace—

:::Yo.~ ~~~ w:.ich eon be .‘o: ied from 170 to 0.34 in.  per day . The specimen

u~ ::er ux.o lower conf in ing  r in g s  , inC the got between

c m  he o ij u~ ted by screws as the specimen consolidates during shear .
:uo . the :~i . .  shear otrc. ;ses ro-.~u i red to achieve the resiciuti .  t t r e ngt h

t~~~ -~~ - ::.:t orial~~, tth r:ue-:i:r:um normal load which could be applied without

verr -
~~~~~ . :  the !-~ ciC ~rr.t was 3 to 5 kg/cm 2 . Neverthele~ s , one of the

Ch.JJ .:~ th s Wa: : ~n ci:h .~o c ~ormi t  hi gher normal loads , which are re—

c i  Lh xte of th  t~~s t. r e su l t s .  This modif icat ion consisted of fab—

a torCao cia t o which could accommodat e a miniatur e load cell in—

~~~c~~ i- - -a~rt. t. o me ’~su re  the shear stresses.  

-~~i . ro :

ro-ceint ~- t  th e  b lock samples , x—ray radiographs were taken

locating s u i t a bl e  material from which to t r im  undisturbed

:: -cn~~. The P a ra itj n r u  taterial had a slight continuous horizontal

i’. t h r  ~~h the  sample. This area was avoided. The Paraibur .a material

a-. . :ltc :- -e: o o c i c .  Jensity an-C water c on t e n t  determinations were made

or: the hI ok sam p les acing  the Hvorslev miniature sampler . Harvard mini —

:. tur e - . :-h ac t ion  t ect s  were conducted on the tr imming scraps of the an—

-~ : t eoimenc  n r c c - n r e d  from the block samples. These densit i e s

- - iced to ctnc-uto 90 and 100 percent of the maximum standard density ,

uthch were th e  densities thr the loosely and densely compacted speciner:s ,

o t to  ~ti~~ ly. The compacted specimens were prepared by compacting the

coo- : weight r~f material  into the conf ining rings of the uni t  using a

c-c~~tircat~~-2 ::r~1—hcild t amping miniature c ompactor (s imilar  to the spr . Lng—

b cade-I c v a r i  raini t tur e compactor).  All compacted specimens were 0.75 in .

:1i gh , t n i s  pr ili n I-T a constant volume for density calculations .

.o .c ~ r : Crazc :

5. Jever annular shear tests were conducted , specif ically:

o .  ii 1r a i tin g a  (undisturbed block , 94.7 pcf).

b .  l araiburi a (undisturbed block , 100.9 p c f ) .

~‘ . Parai ’ hga (loosely compacted , 95.5 pcI , bag sample) .

1. Paraltinga (loosely compacted , 96.1 pc f, remolded block).
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Paraibun a ( loo sel y compacted , 98. 0 pcI’, remnolded b l o c k ) .

P a r a l t in g a  ( densely compacted , 106.8 pcI , remolded b l o c k ) .

~~~. Paraibuna (densely compacted , 108.9 pcf, remnolded block).

A : ’ or  tn e  spe -c imen i s  were prepared, they were allowed to swell or consoli—
0

Sat - - cinder an initial normal stress of 1.1 kg/cm for specimens d—g or

~.l e~ /om for specimens a and b until  equilibrium was achieved ; however , 

icr: c w e :  consoli-loted unuer 3.1 kg/cm
2 
and rebounded to 1.1 kg/cm2

rrbot to initial shear . Shear was then initiated at a slow rate of dis—

rtace: .e:1~ * (l. ’5 cm ~er day) until peak strength had been well defined 

ly :ter several centimeters of displacement). The rate of displace—

subsequently increased to 7.02 cm per day until an apparent

rei~ f iol shear strength 0’ condition was reached , and then the rate of

liopi ~cemer- t was reduced to its original value. This method of alternat—

Inc Ii .:r :a-cernent rates provided a less time—consuming method for determin-

ing ~~~‘ . After 0’ had been determined , the next normal stress of ther
multi st cice loading was applied , shear was in i t ia ted after  achieving an

e-iui ibrium c mdition under the new normal stress , and finally the highest

normal coress was applied .

Test P esults and Discuss ion

Classification properties

6. Figs . 1 and 2 present the class ification 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

classif icat ion dif f erence 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 L~ present the density—water content relationships

* Displacement is measured along the circumference calculated from the
mean specimen diameter.
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of m at e r ia l  from r h o  bi ok :- .mp les as determined using the Harvard minia—

c nprt~’t iom1 device. Thc:~- curves were established to provide inforiria—

- r fo r  preparing i o~~~r O~~~ (90 percent of maximum standard density ) uiii

1 ci i.- (ro? p”rcer:’ of maxi” -JOrs s tandard d en s i t y )  compacted annular shear

:r - ‘ r r e n r . . - . e  m ’s ’ : - ~ : to  of the Harvard miniature compaction tes ts
b~ Dck erurI pie densities represent 88.~ and 9.6 percent

of  :- i: - : i :r.ao . c~ andard l e r i s l ty ,  respectively , for the Paraitinga and Paraibumia

mao ,

a: ohea r

c . .pren-Jix A presents the shear strength—shear disp lacement curves

v e r t i c a l  d i sa lacr i r i en t—s }iear  di splacement curves. Figs . 5 and 6
cc - - :. ‘ The r’e -L T h L  ot:’e:.gth envelopes. Neither material exhibited a large

ie~~ oase in shear stremic th with post peak displacements , rather only a

:r.i:.or ( i f  any ) d if f e r e r : c - . - wos -observe -i . The vertical displacement—shear

I i s o -vo e :r.-o nt  -c .c’o’es o : v  (as ar.t~ - :iiated ) that the densely compacted spec—

.cie:~s Ilitt~ d l a r i n,  ‘ h  • ~~~ ~al shear displacements under the lowest

r:- ~ rrr -l1 stress , 1.. ~.c cm • ::o::-c e , th e  c-om ~:a :t i ve  effort used to achieve

the i1ic~.cr -le ns l s - :  c i  a si i~’ht ieItree of preconsolidation . Con—

‘:ers~- ? y ,  t rm ~- 1~ - • :- .: -
~ ‘‘ “ : :j -  :.e;. ; e x r : i b i t t ’-I only a small di lat ive

~o.:c-r •~o , r~ ’f l e~~t lr.,: t h e  — c.r i . 1 - c - m r - a c t i v e  effort . The residual strength

ret for ii~ 1 ‘ - - .~~ s. ;r li :oorbed block and loosely an-I densely corn—

rac t el remoLlel bi . ~r: ma te r - l o I s , chow that 0’ is independent of initial

or-ecincor dc~nsit’i . t-:~ ~ :ly ,  the large deformations required to achieve
resi lual alter any - .  t l t O - imposed by compaction , and the final void

:ati: in the failure t-or:c is dependent only upon the effective normal

stress. The results also indicate that 0’ is insens i t ive  to norma l
r

stress , with only a slight curvature observed in the residual strength
envelope at the lower normal stresses. The Paraitinga material had a

slightly higher 0’ than the Paraibuna material, 28.0 versus 26.7 deg ,

respectively. The extremely high 0’ values for these materials are

attributed to the small quantities of minus 2—’i sizes (less than 15 per-.

c e n t ) .  Surprisingly, the Paraibuna material has a lower liquid limit ,

plast ic i ty  index , and minus 2—Il content than the Paraitinga material ,

yet i t  exhibited a lower 0’ value . This lower value could possibly

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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be :o.oto~buted to minera log ica l  d i f ferences  (perhaps a higher m i c a  Cont&r :. * ) .

t a b L e  ~ s immarize s  the re: idaa± strenj:th tests.

Conclusions

j .  The f:-.tLwing conclusions were draw n based on the test results:

a. ih~ Paraitlri~ta and Paraiburia materials are i~aite similar ;
both materials classify as silty sands (~T-1 ). The most
striking difference between the two roatt-r-ials is color. The
i a r o i t i n ~;a :oaterial is a deep icd , while the Paraibsi.a m ote—
ia.1 it a li~ bt gray .

b .  i a se d  on on Harvard miniature compaction tests and densities
irieacul . --l us ing the Hvorslev miniature sampler , the densities
of th- block samples represent 88.~ and 92 .C percent of maxi—
muir! standard density , respectively , for the Par aitinga and
Paraibuna materials.

c. The residual angle 0’ for this material is independent of
initial density . In €he case of both materials, the- 0’
values fe-c the loosely compacted specimens were practic~ lly
identical with the ~~ ‘ values of the densely compacted
specimens.

I. the 0’ for Paraitinga material is slightly higher than that
for Pafaibuna material , 28.0 versus 26. 7 deg , respectively .
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Sumiriar y ~•t. I so- Sui t 01 A l • ( . d J  I i i  . k,e ir i l - S t -S

- I -:0 - rAId
- -  R a t e  - i t  - -  -

- .~mieat Di::pia• o~nt per- I s l o p l o r e c—  - -
.~~~ i- eric - I. ren~ tn  ~taby e rr-:quired to

- - - 
- - 5 5 0 ’ , deg Acm ~i ev 0 - 0’ , cm~~. : sr .r ~~- - e c ? r  L p t s o~n k -o 1 tm crr ~, -lay r r

3.1 1.75 31.3 8.7
0 : 5 ’ irhea c;~~ock , 3.1 1.02 31.2 ~4 9.8

.7 -f  3.1 2 .15 ~l.l * 11.7
1.1 1.75 ~3.6 9 . 6
1.1 7.02 33.1 29. 1k
1.1 1.75 32 .9*

h v o r i hu n a , 3.1 1.15 2 9 . 5  9.8
~r ,d t c t o rb e J  block , 3.1 7.02 28.7

I O O. o  pc f 3.1 1.75 28 .5* 8.5
1.1 1.75 27 . 11 9 .6
1.1 7.02 27 .8 29 . i4
1.1 1.75 27. 14* 10.9
9.1 1.75 28. )4 16.1
9. 1 1.02 ~~~~ 51.5
9.1 1.75 26. 7* 16.1

:~ara~ tin~ a , bag 1.1 1.75 314.5 25.3
s a r - : l c , loosel; 1.1 7.02 33.5 28.1
-s -c::’,: o tt e -J , l .J  1.75 32.7* 12.3
95 .5 r- - :f 3.1 1.75 29. 14 19. 0

3.1 7.02 27.8 147.1
3.1 1.75 27.7* l5. t~

2ar-.~itinga , block 1.1 1.75 32.0 17.7
s ain t le , loosly 1.1 7.02 30.8 33.1
compacted , 1.1 1.75 31.2* 5 •9
96.1 pcf 3.1 1.75 30.5 3.8

3.1 7.02 29 .6 148.7
3.1 1.75 30 .0* 2.8
5.1 1.75 29.5 13.8
5.1 7.02 28.ô 79.9
5.1 1.75 28.2* 6.14

Paraibuna , block 1.1 1.75 30.1 28.0
sample , loosely 1.1 7.02 29.5 36.8
compacted , 1.1 1.75 29 .3* 2.7
98.0 pcf 3.1 1.75 23.5 l .8

3.1 7.02 28.0 79.9
3. 1 1.15 i (s .9* 6. 14

* Residual strength for a ~iven norn:d1 load , talcen at slowest displace-
ment rate at greatest cumulative amount of disi-lacement.

** Not cur ij ative .
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‘i’able (c ont inu c H

- - S i  ~ua i
- -  r cac- e of - --c roc i - - -h e-ar  ~ - 1 r3 ; - .i a. ‘- I t -t b persi splace— - - -S’-: I t  - ‘ a 4 e r e - ~ i~~r t - - j  t - ,

ment , - 
- 

- -- - - 0 , • i . - ~~ - ‘5 110 -r ’JC 0 ‘ , Cm.iaml I ’ - D e s cr ip n i ~~r 1 ~ g/ - :: I  cm/day r -

Paraitinga , block 1.1 1.75 ~:.8 15.6
sair : i e , densely 1.1 7.02 . - • 35 .3
co::.j--teted , 1.1 i.75 ~~~~~ 2.7

of 3.1 1.75 - 0 . t  10 .7
3.1 7 .02 - - 9.8 79.9
3.1 1.75 -9.1* 6.L
9.1 1.75 • b . l  23.~
9.1 7.02 28.1 21.2
9.1 1.75 27.7*

Paraibun a , b luor :  1.1 1.75 28.3 33 .2
sample , densely 1.1 7 .2 2  c13.l i14.o

1.1 1 .t  28.5* 1.7
‘~) 5 . 9  1-o f 3.1 1. (5 29 .C- 15.5

3.1 7 .2 2  28. 6 52.7
3.1 1.75 28.3* 8.1#
9. 1 1.75 27.9 15.1
9.1 7 .02  21. i. 14 1 4 . 3

9.1 1.75 27.1* 2.3
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