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ABSTRACT

Results of measurements of seven surface-mine spoils by triaxial and direct
shear methods indicated that the direct shear method may be used for evaluat-
ing the shear strength parameters of surface-mine spoils. The average angle of
internal friction determined by direct shear testing was 38.6°; the average
value for the triaxial method was 33.4°. The average value of cohesion deter-
mined by direct shear testing of dry materials was .077 bar; the average value
of cohesion determined for the triaxial method was .100 bar.

Soaking specimens immediately before direct shear testing reduced the
average angle of internal friction by 8.2°; there was no significant change in
cohesion. The methods used to sample, blend materials, and prepare speci-
mens caused two distinct populations for triaxial test results. The ratio of
freshly crushed materials to weathered materials in a specimen affected tri-
axial results more than direct shear resuls.




INTRODUCTION in a rubber membrane under fluid pressure, and
then applying an axial compressive load (Fig. ).
THE STABILITY of outslopes, head-of-hollow  The confining pressure, axial deformation, axial
fills, and other embankments associated with sur-  stress, and water pressure {pore pressure) are then
face mining depends on the shear strength of the measured. These measurements are used to deter-
spoil malerials that comprise these structures. A mine the shear strength parameters.
knowledge of the shear strength parame- The direct shear test consists of confining a thin
ters—cohesion and the angle of internal fric- sample of material between parallel blocks, apply-
tion—1Is necessary 10 analyze and design embank-  ing a normal load, and shearing it along a prede-
ments that are compatible with reclamation goals, termined plane (Fig. 2). The normal stress and the
But the variety of geologic materials produced maximum shearing stress are used to determine
during a mining operation indicates that consider- cohesion and the angle of internal friction,
able testing also is required 1o describe these Each method has advantages and limitations.
parameters adequately, The more sophisticated triaxial shear test is more
The prinicipal methods for measuring the shear difficult to perform and interpret; however, It
strength of soils in the laboratory are the direct allows better simulation of field conditions. The
shear test and the triaxial rest. The triaxial shear advantages of the direct shear method are that the
test consists of confining a cylindrical soil sample  test apparatus is less complicated, and the test is

Figure 1.-—Schematic of triaxial test apparatus (from
Lambe and Whitman 1969).
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Figure 2.-—Schematic of direct shear lest apparatus (from

Lambe and Whitman 1969},
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cyual proporiions {(by dry weight) of three of the
following . an acid shale, a siltsione, a sandstone,
and a cudearcous shale, All materials were ob-
tiiped from surface miines in eastern Kentucky.
Eoacept for the [-day-old sandstone spoil, all were
obiained from talus at the foot of highwalls,
where mining had been terminated 12 to 18
imonibs carher,

The calearcous shale was dark gray, soft, and
comained many fine grains of iron oxides, The ap-
proxiinate mincral composition was: quartz: 66
pereent; alliter 19 percent; and kaolinite plus
chlorite: 15 pereent. There were traces of felds-
pars. The siltstone was yellowish gray, soft, and
had iron oxide bands that contained sand grains,
The approsimate mineral composition was:
quarts: 36 percent; illiter 36 percent; plagioclase
feldspar: 20 percent; and kaolinite: 7 percent,
There were traces of K-feldspars, The sandstone
was hard, light gray, and contained abundant
limoniuc flecks. Quartz made up 86 percent of the
rock. Minor constitutents were: K-feldspars: 2
pereent; plagioclase feldspar: 2 percent; kaolinite:
S perecent; and illite: 4 percent. The acid shale was
dark gray and was slightly silty and micaceous,
Quartz made up 50 percent of this rock; the re-



ng 1.~ Deseription and class {by Unified Soil Classification) of SPOY materials
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biended during mining and grading operaiions a8 SRM 3P SP

mainder was illite: 20 percent; K -feldspars: 3 par-
cent; plagioclase feldspar: 7.5 puercent; kaolinite
plus chlorite: 18,5 percent; and pyrite: 3 percent.

Material M51 had the same composivion as ma-
terial J, but differed in the disiibution of parucle
sizes. MS2 was a light brown to light gray shule
that had been obtained from o 10-foot {3.05my)
thick stratum in Breathitt County, kentucky, The
stratum had been exposed for about 6 months
when sampled. MS3, obtained from a spoil bench
ai the same location, was a mixture of shule and
sandstone spoils developed from all strata dis-
turbed by mining activities at that Breathitt Coun-
ty site.

The largest size of particles of materials tested
in triaxial shear tests soinch {191 mm).
{arger particles are likely 1o cause errors in tesi ro-
sults due to bridging berween adjavent particles
and direct interaction with the st apparatus. For
Marerials G, H, I, and J, particles that remained
on a Y-inch sieve were wasted. For Maierials
MS1, MS2, and MS$3, particles that remained on
the 34-inch sieve were passed through a Yi-inch
crusher. The crushed particies that passed through
the Va-inch sieve but that remained on a No. 4
sieve (4.76-mm openings) were blended inio the
test material, Figure 3is a digpram of the crushing
and blending procedures for triaxiad and direct
shear testing.

The maximum particle size that could be accom-
modated by the 4-inch (10.16-cm) diameter direct
shear box used in this study was approximately i
inch (6.4 mm) (Bowles 1970y, So, for the dirgd
shear tests, material that rempainetd on the No, 4
sieve was passed ehrough a crusher with 2 Semm
opening. The that  passed
through the No, 4 sieve but that remaingd on a

WHY

crushed maieriad

Tad

No. 10 sieve (2-mm openings) was blended into the
test material (Fig, 3). Frercentages of freshly

crushed particles incorporated into each spoil ma-
terial are Hsted in Table 2.

Table 2.—Percentages of freshly crushed
particles inblended testi materials

Spodd maten Threet shear

i8

12.5
23.2
18

48.1
358
24.4

The time between the triasial and direct shear
tests was approximately § vear for Materials MSH,
MS2, and MS3, and about 2 vears for Materials
Gy H L and § During storage, all materials were
sgaled in plastic bags, At the beginning of storage,
the moisture contents of six of the spoil materials
approximated those of the samples prepared for
triaxial tests. Moisture contents averaged 13.8 per-
cent and ranged from 13.4 to 14,2 percent. All of
Material MS1 used during direct shear testing was
iaken from previously tested triaxial specimens.
The average moislure content of MS! triaxial

cpecimens 4t {ailure was 14,4 percent
The

distribution of particle sives for the seven
materiah s Shown in Fleures 4 through 10. Six of
the charts show Your distritations: gy sampled, as
pested in trinvial shear, a8 recejved for direct shear
tests, and as tested tn direct shear. For MS1, there



is a fifth distribution that represents a sieve analy-
sis that was done immediately afier the triaxial
fests.

All matenial % inch or larger was removed in
preparing triaxial samples. The same batches were
used for direct shear tests, so direct shear samples
did not include material larger than % inch before
crushing.

Triaxial shear testing

The shear strength paramceters can be described
in terms of effective stress or total stress. Effective
stress is the stress carried by the soil particles. Ef-
fective-stress analysis is used whenever stable con-
ditions have existed over a long period and pore
pressure can be assumed to have dissipated (U, §.
Department of the Navy 1971). Total-stress analy-
sis is usually used to simulate conditions of stabil-
ity immediately after construction or if pore pres-
sures have not dissipated or are not known.

The triaxial shear test apparatus allows meas-*
urements for a variety of degrees of confinement,

consolidation, and drainage. Triaxial data were
obtained from consolidated-undrained tests.
Specimens from Materials G, H, I, and J were 4
inches in diameter by 8 inches (20.32 cm) and were
compacted to a maximum dry density at optimum
moisture content in accordance with American
Society for Testing and Materials [D-698-7
{(Methad D) (ASTM 1976). After compacting but
before testing, the void spaces were saturated. Ef-
fective confinming stresses of 1.03, 2.07, and 4.14
bars were used to simulate stresses at different
depths within a spoil bank. Fach test was con-
ducted three times on similar specimens.
Specimens of Materials MS1, MS2, and MS3
were compacted by three methods: standard,
maodified, and low-energy compaction {Drnevich
1978}, Specimens were 4 inches in diameter by 8
inches and were saturated before testing. Twelve
specimens from each material group were tested
using effective confining stresses of 1.03 and 4.14
bars. During all tests, drainage from the speci-
Text continues on page 12,

Figure 3.-—Diagram of crushing and blending pro-
cedures for triaxial and direct shear lesting.
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Passing

()

34 Sleve

#4 Sieve

tnitial total sample = WT

Final to1al sample = FW
fnitial ratio of gravels =
to fines {constant)

Waste = Wa

Amount of W4 1o be used = F4

Amount of crushed particles > small sieve apening = CP
New amaount > small sieve opening = W2 + CP = RW

Wi+ W2
—wa <A

DIRECT SHEAR

Smm
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To maintain Ri after crushing, the amount

of fines must be reduced to compensate

for material wasted in the crushing process,
The amount of W4 to be used is calculated by
the following:
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Flgure 4.— Distribution of particle sizes for Material G,
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Figure 5.—Distribution of particle sizes for Material H.
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Figure 6.~ Distribution of particle sizes for Malerial 1.

:W 000
[
] S00°0
&
.
L0
>
B ow
@
Ra)
w1
g
.Woow,oz-i S S T G ER S S Lv20°0
e 2 Lo0
@ | T oo oN+ — ‘i%i;rx:tIx;itizzhnuN%mS,o
=g
F (3
5 27
R R N e St sl i i sl fuas 77, el il [ 8
K v Ve
Filo m .
o3 o 07 ON-= eyl oo 11?:4.\13%1-.&1“\ proagmgges apegpeng oo SE I 4 0]
&3 |
M.w - \\\ %
OE A7 -
p NI Sy S (U S Sy Y
5 = a o
s ‘u N
5] tp/e -
7
8 2 3 4 & =

YN INIOH IS

GRAIN DIAMETER {mm)

Direct Shear

Triaxial

s 3 A—— & aRocsen 4 TS

As Beceived o o e o e

As Tested



Figure 7 — Digtribution of particie sizes for Material J.
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Figure 8.—Distribution of particle sizes for Material MS2.
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Figure 10.— Distribution of particle sizes for Material M53.
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mens was prohibited and pore pressures were
monitored.

Direct shear testing

Direct shear tests were conducted at a constant
rate of strain on both wet and dry samples, In the
dry test, the shear box was filled 1o about ¥, inch
{4.76 mm) of the top with uncompacted, oven-
dricd material. Specimens were about $-inch thick
and 4 inches in diameter. Normal siresses of .46,
1.07, and 1.67 bars were applied and each speci-
men was sheared at a rate of 0.048 inch (1.22 mm)
per minute. All direct shear specimens failed 5 to
10 minutes after loading. Shearing force and hori-
zontal displacement were measured during each
test.

Wet tests were conducted by the same proce-
dures except that after placing the material in the
shear box, a piece of filter paper was placed on the
top of the soil and 125 ml of water were poured

over the paper. After 15 minutes, the normal
siress was applied. After cach test, the moisture
content of the wet specimen was determined.,

All direct shear parameters were based on threé
tests, each conducted at a different normal stress.
To determine if a test result could be reproduced,
each set of three dry tests was repeated for Materi-
als G, H, I, and J. The results of these tests corre-
lated well with those of the initial tgsts. Typical di-
rect shear test results are shown in Figure 11,

RESULTS

The effective angle of internal friction ($) and
effective cohesion (C), for triaxial and direct shear
tests are presented in Table 3. The direct shear
tests on dry material vielded a greater value of &
than the triaxial tests for each of the spoil materi-
als except MS3. The average value of $ determined
by the direct shear method was 38.6°; the average

Figure 11.—Typical direct shear test resulis.
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vaiue for the seven materials determined by the tri-

axial method was 33.4°, The average value of &

determined by dircet shear testing of dry materials
was 077 bar; the average value of € determined
by triaxial testing was . 100 bar.

Triaxial results varied considerably more than
direct shear resulis, The coefficient of variation of
4 for the triaxial tests was 12.6 percent compared
to 2.1 percent for direct shear results, The coeffi-
cient of variation of € was 87.4 percent {or the tri-
axial method and 65.6 percent for the direct shear
method. For all seven materials, the average value
of ¢ for the direct shear method exceeded by 5.2°
the average value determined for the triaxial
method. A paired t test indicated that the 935 per-
cent confidence interval for the mean difference is
1.3 to 9.1°. However when only materials MS1,
MS2, and MS were considered, there was no sig-
nificant difference between the ¢ values for the tri-
axial method and those for the direct shear
method.

Values of C ranged from .200 to 0 bar for the
triaxial tests, and from .146 10 0 bar for direct
shear testing of dry materials, The average vajue
of € for the direct shear method was .077 bar with
a coefficient of variation of 65.6 percent. The
average value of C for the triaxial method was
.100 bar with a coefficient of variation of 87.4 per-
cent, There was no significant difference between
the means of triaxial and direct shear C values at
the 95 percent confidence level.

For the spoil materials tested, the triaxial results
strongly indicated the presence of two populations
(Table 3). Analysis of data substantiated the find-
ing that triaxial shear strength parameters for Ma-
terials G, H, I and J (group 1) differed signifi-
cantly from those of Materials MSI, M52, and
MS3 (group 2). This is somewhat contrary to the
fact that Material J from group 1 and Material
MS1 from group 2 were from the same source;
that is, they were from the same field sample.
However the preparation procedures for Material
J {and other materials in group 1) differed from
those for Material MS1 (and other materials in
group 2}.

In preparing Materials G, H, [ and J for triaxial
testing, all spoil particles larger than % inch were
wasted. For materials MS1, MS2, and MS3, the
larger particles were crushed and blended with the
smaller particles. Also, Materials, G, H, [, and J
had been subjected to 12 to 18 months of ficld
weathering, while Materials MS2 and MS3 expe-

rienced very ltde weathering, These differences
are aiso indicated by the Unified Soil Classifica-
tion of the two groups. All “as tested”’ group i
materials were classified as poorly graded sands
{(5P-5M or SP-8C); “as tested’” group 2 materials
were classified as well-graded gravels or poorly
graded sands (GW and SP) (Table 1).

All *fas tested” direet shear specimens were
classified as poorly graded sands (SP) or well-
graded sands (SW). Analysis of direct shear data
indicated that the materials represented a single
population, in spite of the fact that the amount of
freshly crushed particles ranged from 12.5 percent
for Material H to 48.1 percent for Material MSI.
Therefore it seems that the ratio of freshly crushed
materials to weathered materials in a specimen has
a greater effect on triaxial results than on direct
shear results.

The scparation of the triaxial results into two
distinct populations, and the better correlation of
triaxial results and direct shear results {for Materi-
als MS1, MS2, and MS3 may have been due to the
use of different methods for molding and com-
pacting specimens. In all direct shear tests, materi-
als were placed in the shear box in a loose, uncom-
pacied state; but the triaxial tests were performed
on materials compacted to different densities,

Triaxial specimens of Materials G, H, I, and J
were compacted using only standard compaction
methods. The dry density of those 36 specimens (9
from each material} ranged from 1.95 to 2.01
gm/ent’; the average was 1.98. By contrast, the
dry density of 72 specimens of Materials MSI,
MS2, and MS3 (24 from each material) compacted
using standard, modified, and low energy
methods ranged from 1.68 to 2.20 gm/cm’; the
average was 1.96.

Effect of moisture on direct
shear resulis

To determine the effect of moisture on direct
shear properties a second group of tests was con-
ducted on wetted samples; the procedures used
were the same as those described earlier. Wetting
the material before testing reduced the average
angle of internal friction by 8.2°. The effect of
moisture on cohesion was not as definitive; in four
cases cohesion increased. The overall average and
variability were approximately the same as for the
dry tests {Table 3). Moisture contents of the
wetted direct shear specimens determined by
weight after testing ranged from 15 to 20 pereent.



Table 3.—Comparison of shear strength parameters for triaxi inl tesis
and wet and dry direct shear tests
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