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SYNOPSIS: The effect o f  sample preparation on the development and characteristics o f  failure o f moist tamped 

and pluviated sands as reflected by concentration o f strains into thin localized zones was evaluated by results o f  

plane strain active tests. Internal measurements o f displacements were supplemented by stereophotographic 

analyses to study the shear band behavior in the specimens. It is shown that localization o f strains is more 

progressive in moist tamped than pluviated specimens. The bands in moist tamped specimens migrated during 

post-peak deformation, whereas those in pluviated specimens were stationary. It is suggested that the more erratic 

initial structure o f  the moist tamped specimens and the more dilative response o f the pluviated specimens caused 
these effects.

1 INTRODUCTION

Recent work has suggested that strain localization is a 

ubiquitous phenomenon during shearing o f sands. In 

true triaxial tests o f  sands, Desrues et al (1985) found 

shear bands expressed as density variations using 

gamma ray absorption techniques. In triaxial tests o f  

sands using tomography, Mokni (1992) found evidence 

of banding in forms varying from a single plane to 

extremely complicated, but symmetrical patterns, which 

yielded nominally uniform deformation patterns. In 

plane strain active (PSA) tests o f  sands, Finno et al 

(1996) and Mooney (1996) observed complicated 

patterns o f  temporary bands in many o f the tests during 

the macro- scopically uniform stages o f the deformation 

process. These temporary bands gave way to 

development o f a single, persistent shear band. 

Regardless o f  initial density and consolidation pressure, 

the persistent band began to form at mobilized friction 

levels very close to the peak value. However there 

were differences in the nature o f  the persistent shear 

band and its behavior in specimens which were moist 

tamped or dry pluviated. The purpose o f  this paper is to 

present these differences. The experimental program is 

briefly described, typical results o f drained tests o f both 

a moist tamped and pluviated specimen are presented, 

differences in the band behavior are discussed, and 

conclusions are drawn.

2 EXPERIMENTAL PROGRAM

PSA tests were conducted on moist tamped and dry 

pluviated specimens o f uniform, fine sand, D50 = 0.32 

mm and Cu = 1.3. Specimens were Icq consolidated and 

sheared in a device with provisions for obtaining 

photographs o f  the side o f the deforming specimen. 

Photos were taken throughout each test, and thus shear 

band characteristics can be followed incrementally.

2.1 Experimental device and procedures

Within the PSA device, a prismatic soil specimen with 

a height o f  140 mm, a width o f 40 mm, and a length of 

80 mm is mounted between two rigid walls. One o f the 

side walls is a plexiglass plate which allows photos to 

be taken o f  the in-plane deformation o f a specimen 

during a test. The bottom platen fits in a sled which is 

free to slide, allowing kinematically unconstrained 

shear band progression. Eight internal load cells permit 

measurement o f  axial force and its eccentricity, friction 

along the side walls, and the out-of-plane forces, 

allowing a full evaluation o f the boundary stresses 

during consolidation and shear. Seven displacement 

transducers monitor the axial and lateral displacement 

o f the specimen and the horizontal movement o f the 

sled. Pore water and cell pressures and global volume 

change are measured conventionally. A more detailed 

description o f the device is given by Harris et al.

(1995).

Using stereophotographic methods, displacement 

functions for a number o f grains in close proximity are 

determined by applying the method o f least squares 

regression to discrete sets o f  grain displacements. The 

derivatives o f  the displacement functions are then used 

to determined components o f strains; estimates o f  

accuracy o f  the strain components follow directly from 

the regression analyses. A complete description o f the 

details o f  this method is given by Mooney (1996).

A total o f  16 moist tamped specimens and 10 dry 

pluviated specimens were tested in the PSA device. 

Prior to consolidation, each specimen was saturated 

with C 0 2 and back pressured such that all specimens 

were at least 99.9% saturated. Specimens were Icq- 

consolidated at global axial strain rates o f about 0.2% 

per hour. Displacement-controlled shearing was 

imposed at global axial strain rates which varied 

between 1 % and 2% per hour.
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Specimens were prepared by both moist tamped and 

dry pluviation. Moist tamping is used to prepare very 

loose specimens, because the bulking phenomena 

associated with capillary action yields very loose 

specimens. Pluviated specimens are generally more 

uniform than moist tamped specimens (e.g. Castro 

1969, Vaid and Negussey 1988). Gilbert and Marcuson

(1988) evaluated the variations in the density o f  moist 

tamped and wet pluviated specimens by freezing and 

cutting specimens into approximately 100 sections o f  

roughly 16 cm3. For moist tamped specimens 

with an average relative density o f 60%, they found a 

standard deviation o f 8% relative density. In contrast, 

pluviated specimens with an average relative density of 

60%, were found to have a standard deviation o f 2% 

relative density. The variation in density distribution in 

specimens prepared by either method was random. The 

degree o f  non-uniformity also appears to increase in 

looser sands (Castro 1969).

3 TYPICAL RESULTS

Conventionally-derived responses o f  drained PSA 

tests are presented for both moist tamped (test 32) and 

dry pluviated (test ms 10) specimens in Figure 1, where 

global effective stress ratio (q/p'where q is the shear 

stress and p' is the mean normal effective stress) and 

global volumetric strain (evo|) are plotted versus global 

axial strain. The moist tamped specimen was 

consolidated to a p' o f  89 kPa and a void ratio o f 0.86, 

or a relative density (Dr) o f  5 %, whereas the pluviated 

specimen was consolidated to a p' o f 138 kPa and a 

void ratio o f  0.69 (Dr = 67%). The pluviated specimen 

exhibited dense behavior in that a peak effective stress

2 .2  S a m p le  p r e p a r a t io n  e f fe c ts

global axial strain (%)

global axial strain (%) global axial strain (%)

global axial strain (%)

Test 32

global axial strain (%) 

Test mslO

Figure 1. Typical stress-strain responses o f  moist 

tamped and pluviated specimens during drained shear.

Figure 2. Lateral deformation responses o f  moist 

tamped and pluviated specimens during drained shear.

ratio was attained at the maximum global dilatancy 

(point F on the figure), where upon the mobilized q/p' 

decreased with increasing strain. The specimen dilated 

after a small amount o f compression. The moist tamped 

specimen exhibited loose behavior in that the specimen 

exhibited a net contraction during drained shear. The 

dilatancy was much smaller than that o f  the pluviated 

specimen, but the peak q/p' was again attained at the 

maximum global dilatancy.

4 SHEAR BAND FORMATION

The points O and B on Figure 1 correspond to the 

points in the test when the persistent shear band began 

to form (O) and when it fully formed (B). These points 

were identified by the horizontal LVDT data as 

indicated on Figure 2, and were confirmed by visual 

examination o f the stereo pairs obtained during the 

loading sequence. The LVDT data are plotted as local 

lateral strain in the upper sketch and as width 

differences in the lower sketch. The lower sketch also 

shows the movement o f the sled. The width differences 

are approximately zero and the local lateral strains are 

essentially equal until point O is reached. The two pairs 

o f LVDTs were 90 mm apart; thus the maximum 

difference in width was less than 0.5 mm over a 90 mm 

height. This macroscopically uniform deformation was 

verified by examining the photos which showed the 

specimen deforming rectilinearly. After point O, the 

width differences increase rapidly, and the local lateral 

strains diverge, until an approximately constant gradient 

o f width difference is attained. The LVDT pair not 

traversed by the shear band undergoes no further 

straining (point B) as almost all deformation has 

concentrated into the shear band. The sled movement 

slightly lags behind the band formation due to the small 

amount o f  friction on the linear bearing o f  the sled. 

These responses suggest a pattern o f “uniform” 

deformation up to point O, followed by the progressive 

development o f  a persistent shear band between points

296



2.00

CD 1.6 

O

1.20-1

0.80

0.40

0.00

40 mm

■  DRY PLUVIATION 

□  MOIST TAMPING

COD

□
□

□

T T~
0.40 0.60 0.80 1.00

CONSOLIDATED VOID RATIO

Figure 3. Progressive strain needed to form shear 

bands

O and B. As indicated, the band forms over increments 

of 0.8 and 0.2 % global axial strain for the moist 

tamped and pluviated specimen, respectively.

The trends concerning the differences in the 

progressive nature o f  shear band formation as observed 

in Figure 2 were consistently seen in all tests. Figure 3 

shows a plot o f  global axial strain from point O to B 

versus consolidated void ratio for all tests, and indicates 

that the shear bands in the moist tamped specimens take 

longer to form than those in the pluviated specimens. 

This phenomena may be related to the differences of 

uniformity o f  specimens prepared by each method. 

Moist tamped specimens have larger variations in 

density than the pluviated specimens. The band 

initiates in a relatively loose area, and little dilation 

occurs within the band, as noted by Mooney (1996) and 

implied by the small global dilation in Figure 1.

Because o f these density variations, the band would 

have to pass through adjacent, slightly denser areas to 

form a persistent band. This would require additional 

mobilization o f friction, resulting in a more progressive 

formation o f  the shear bands. The persistent shear band 

forms more quickly in the more uniform pluviated 

specimens because the density variations are smaller. 

Once the peak friction is mobilized at one point, it is 

quickly mobilized at other locations along the eventual 

band location.

test ms4

g l o b a l  ax i a l  st r a i n  ( % )

test mslO

g l o b a l  ax i a l  st r ai n  ( % )

Figure 4. Persistent shear band migration

in the pluviated specimen does not change position 

between increments 4 and 6 in the figure. These figures 

reflect trends in all data which showed that the 

persistent bands were wider and more migratory in the 

moist tamped specimens than in the pluviated 

specimens. These different behaviors may be related to 

the fact that when bands form in loose, moist tamped 

specimens, there are relatively insignificant void ratio 

changes in the band because the sand is close to its 

critical void ratio. Thus as a band forms, there is little 

difference in state between the band material and the 

adjacent material. In pluviated specimens, dilation 

occurs within the persistent band, which results in a 

looser and thus weaker area than that outside the band. 

Consequently, the specimen will continue to deform 

along this weak plane, and the band will appear 

stationary, rather than migratory as in the moist tamped 

specimens.

5 POST-FORMATION BAND BEHAVIOR

Figure 4 compares the post-formation response o f  the 

bands in moist tamped and pluviated specimens with 

respect to band migration. For each specimen, the band 

location as determined from stereo photos taken at 

intervals o f  1% global axial strain are shown, as are the 

locations based on the same increments, but analyzed in 

one step rather than two. The increments where the 

photos were taken are shown for reference on the axial 

load versus global axial strain curves.

The shear band observed in the moist tamped 

specimen is wider in each increment than that o f the 

pluviated specimen, and clearly changes position from 

7 to 9% global axial strain. In contrast, the shear band
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Figure 5. Width o f persistent shear bands
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The width o f  shear bands in granular soils are a 

function o f mean grain diameter, D50, e.g., Mulhaus and 

Vardoulakis (1987) presented data to show the width 

was 16 D50 but the ratio varies from study to study. 

Figure 5 shows a plot o f persistent shear band width 

versus the magnitude o f  the strain increment in which it 

was determined for both moist tamped and pluviated 

specimens. All increments represent the first increment 

after the persistent shear band formed.

The apparent shear band width depends on the 

magnitude o f the strain increment upon which it is 

determined, at least for the moist tamped specimens. 

This can be attributed to the fact that the moist tamped 

bands tend to migrate as deformation continues after 

they have formed, as shown on Figure 4. A stereo 

image shows an apparent band width; when the image 

represents a large enough increment, the entire band 

may not be active at the same time since the band may 

be shifting, as in the case o f some o f the moist tamped 

specimens. Little variation was observed in average 

shear band thickness when the observed increment was 

less than or equal to 1 % global axial strain.

For these strain increments, the average widths o f the 

shear bands are 4 and 4.3 mm, or 13 D50 and 14 D50, for 

the moist tamped and pluviated specimens, respectively. 

This suggests that the width does not depend on 

specimen preparation, although more scatter was 

observed in the moist tamped specimens, even at the 

smaller increments. Note that two o f the moist tamped 

specimens were conducted with the bottom sled fixed, a 

more typical boundary condition for testing. These two 

specimens had the largest band widths o f  the moist 

tamped specimens, when the band was determined in 

strain increments o f  1% or less, implying that band 

widths also depend on the kinematic constraints o f  the 

testing device.

6 CONCLUSIONS

Shear bands formed progressively during drained 

plane strain compression tests o f moist tamped and dry 

pluviated fine sand. In all tests, a period o f  

microscopically uniform deformation was followed by 

progressive shear band development. The shear band 

was initiated very near the peak mobilized friction, with 

more progressive development o f  the shear band 

occurring in the moist tamped specimens, most likely as 

a result o f  the greater variations in density o f  the moist 

tamped specimens. The thickness o f  the persistent 

shear bands in the first increment after a band had 

completely formed was about 4 mm, or about 13 times 

the effective grain diameter, for both moist tamped and 

pluviated specimens. The persistent shear bands 

formed in moist tamped specimens migrated during the 

deformation process whereas, those in pluviated 

specimens were essentially stationary. In pluviated 

specimens, dilation occurs within the persistent band 

resulting in a looser and thus weaker area than that 

outside the band which causes the deformation to 

remain along this weak plane. No such dilation occurs 

in the loose, moist tamped specimens and thus the band 

tends to migrate as a result o f  the more heterogeneous

nature o f  the specimen. These observations may

explain the range in band thicknesses reported in

literature.
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