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ABSTRACT

Within the confines of this study, the results of direct shear box tests performed on poorly-
(GP) and well-graded (GW) gravel samples are presented. Samples are tested under effective
normal stresses ranging from 77 to 205 kPa, and with initial void ratio ranging from 0.42 to
0.53. The estimated peak secant-angles of shearing resistances vary in the range of 49 to 61
degrees. On the basis of the ratio of vertical to horizontal deformation rates, the peak angles
of dilation are estimated as 10-16 degrees. These estimated values are concluded to be in
coherency with available literature, other than the recommendations of Navfac DM 7.01.

Keywords: Murat River gravel, direct shear box test, peak angle of shearing resistance,
dilation angle, void ratio.

1. INTRODUCTION

Owing to difficulties in testing gravels or coarser materials in conventional triaxial, simple
shear or direct shear devices due to scale and/or membrane compliance effects, there exists
relatively a limited number of studies regarding their engineering properties and straining
responses. Liu (2009) summarizes the results of direct shear tests performed by using 122.5
cmx 122.5 cm testing frames on rockfill materials with various compacted densities and Dmax
values ranging from 200 mm to 300 mm, which were tested under effective normal stresses
reaching 260 kPa (Matsuoka et. al., 2001; Liu et. al., 2004). Tests on rockfill materials of
sandstone origin by using 80 cm x 80 cm sized frames are similarly presented in Wang et. al.
(2016), along with case studies on soil — rock mixtures, which were tested in 50 cm x 50 cm
shear frames at a maximum effective normal stress of 250 kPa (Li et. al., 2014). A different
approach towards utilizing the conventional laboratory triaxial testing apparatus is
summarized in Vasistha et. al. (2012), in which samples from river beds and blasted sources
having maximum particle sizes ranging from 200 mm to 600 mm were used to create a
downscaled gradation curve using parallel gradation techniques. In addition to large scale
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direct shear testing, several attempts to characterize gravel and rock fill materials through
large scale laboratory triaxial testing exist (Xiao et. al., 2014). A comprehensive review and
discussion of large scale triaxial testing on rockfill materials has been presented by Xiao et.
al. (2016) with special emphasis on dilatancy behaviour and grain crushing. Scaling, along
with grain crushing effects are also discussed in Frossard et. al. (2012), Asadzadeh and
Soroush (2009).

Within the confines of this manuscript, after the introduction of the custom-designed and -
made large scale direct shear box apparatus, the discussion of test results performed on poorly
and well graded Murat River, Mus gravels will be discussed, followed by comparative
discussions with available literature. The scope of this technical note is defined as not to
assess a new problem, but to present high quality test data regarding a problem, where i)
laboratory data is limited and ii) a consensus has not been reached yet.

2. DIRECT SHEAR BOX FRAME AND APPARATUS

A custom-designed and made direct shear box frame with 600 mm x 600 mm plan dimensions
and height of 800 mm has been designed for the purpose. Figure 1 shows the direct shear box
testing system used in this study.

Figure I - Direct Shear Box testing system used in this study

Thickness of each frame element was selected as 200 mm, to enable specimen preparations
using different compaction procedures (layer thickness, equipment use, etc.). A total number
of 4 frame pieces; two lower and upper pieces internally bound were used. The interface
between lower and upper frame elements constituted the shearing plane. The plan dimensions
of the top cap were selected as 580 mm x 580 mm in order to enable proper placement with
minimum disturbance. The platform was then expanded with the addition of steel frame
elements and to reach to 1100 mm x 1100 mm to plan dimensions. It is instrumented via a
single foil strain gauge type load cell having 200 kN measurement capacity, 2 symmetrically-
placed vertical displacement transducers of 50 mm capacity and again 2 symmetrically-
placed horizontal displacement transducers of 150 mm capacity. A sampling interval of 8 Hz
was preferred during the tests.
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3. SAMPLE CHARACTERISTICS AND SPECIMEN PREPARATION

On the samples prepared, a series of soil classification tests including sieve analyses and
specific gravity tests, was performed. Soil samples are classified as “GW” or “GP” (well
graded gravels or poorly graded gravels) in conformity with Unified Soil Classification
System (USCS), with Do, D39 and Dgo values varying in the ranges of 8.29 — 12.49 mm,
17.48 — 24.24 mm and 34.94 — 40.26 mm, respectively. C, (coefficient of uniformity) and C,
(coefficient of curvature) values are estimated to fall in the range of 3.22 — 4.21 and 1.06 —
1.17, respectively. The average specific gravity value was calculated as Ge= 2.72. A number
of representative samples with varying degrees of roundness was randomly selected. Their
Roundness Index (RI) (Wadell, 1932) and corresponding classification in accordance with
(Powers, 1953) are estimated as 0.18 (very angular — angular with low sphericity), 0.24
(angular — sub angular with low sphericity), 0.30 (sub angular with low sphericity) and 0.76
(well-rounded with low sphericity) respectively, addressing the presence of particles with
wide range of roundness in the granular mix. For the purpose of producing homogeneous
specimens at the target dry density, the sample preparation process was controlled via
vibratory equipment capable of providing constant energy / duration. The thicknesses of
compacted layers and the duration of compaction was controlled to achieve four different
target densities. A total number of twelve tests (four different densities x 3 different normal
stresses) were performed. The last (fourth) set of the large scale shear box tests was conducted
under “wet” conditions. The calculated dry unit weights for the Sets 1 through 4 are estimated
as 17.44 kN/m’, 18.77 kN/m?, 18.49 kN/m? and 17.99 kN/m? respectively. Initial void ratios
(eo) before the application of normal stresses are estimated as 0.53, 0.42, 0.44 and 0.48,
accordingly. Minimum dry unit weight and maximum void ratio values were estimated as
16.09 kN/m? and 0.66. Similarly, the maximum dry unit weight and minimum void ratio
values were estimated as 19.29 kN/m? and 0.41. On the basis of these, relative densities (D)
of samples were estimated to vary in the range of 48 to 96 %, covering the density range
extending from relatively loose to dense.

4. TEST RESULTS AND THEIR INTERPRETATIONS

Test results are presented in the form of three way plots, as shown in Figure 2. Three-way
plots enable to consistently follow the shear stress - normal stress — shear displacements
throughout the test. Peak tangent angle of shear resistance was simply estimated by fitting a
linear failure line on the basis of Mohr-Coulomb failure criterion, with regression forced to
a cohesion intercept value of c=0, which is judged to be an acceptable assumption for clean
gravels. Similarly, peak secant angle of shearing resistance was also estimated by fitting
linear failure envelope to failure Mohr circle of each test, again with ¢=0. Additionally,
maximum dilation angles were estimated from the ratio of shear (lateral) displacement to
volumetric (vertical) displacement rates, consistent with the principles of dilation and
plasticity theorems (e.g.: Bolton 1986, Vermeer and de Borst 1984). A summary of test
results is presented in Table 1. During Test Set 1-1, the vertical displacement transducers
were observed to be dislocated; hence corresponding vertical displacement data was excluded
in Figure 2. The stress values shown in Figure 2 are estimated after the application of area
corrections. Calculation of the dilation angle is based on the assumption that the horizontal
plane of the shear box is a zero extension line (Roscoe, 1970). Due to suppression of dilatancy
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with increasing stresses, secant friction angles are mostly observed to be reduced with
increasing normal stresses.
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Figure 2 - Three way plots summarizing shear and volumetric deformation responses for
the samples with initial void ratios of 0.53, 0.42, 0.44 and 0.48 (Sets 1-4)

5. COMPARISONS WITH AVAILABLE LITERATURE AND CONCLUSIONS

The estimated peak secant angles of shearing resistance are comparatively shown in Figure
3 with the typical ranges given for rockfills, gravels and sands by Terzaghi, Peck and Mesri
(1996). Estimated peak secant angles of shearing resistance and initial porosity (ng), of
samples, which vary in the range of 49-61 degrees, and 0.30-0.35, respectively, compare well
with the values recommended for sandy gravels and rockfills. They are also found to be in
agreement with other studies available in the literature (Simoni and Houlsby, 2006); but,
significantly larger than the values recommended by Navfac DM 7.01 for well graded
gravels. Significantly lower angles of shearing resistances by Navfac DM 7.01 can be judged
to be reasonable, if these values are i) recommended as tangent but not secant angles of
shearing resistances, ii) applicable to larger stress ranges, iii) already penalized by partial
material factors, widely preferred to be used in design. Unfortunately, due to lack of clear
documentation and definitions provided by Navfac DM 7.01, discussions attempting to
resolve these differences cannot go beyond crude speculations; hence skipped herein.
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Table I - Summary of results for large scale direct shear box tests on unsorted fill material

Normal | Shear (Lsz:lti:;l) Volumetrie | g T:ll):ga::{nt ek

Test No Stress Strength Displ. at (]\)?:;ic:i) Angle'of Angle. of D;llzg‘:;(:;
5Ps 5Ot

Test 1-1 77.1 90.7 3.51 - 49.6 -
Test 1-2 141.1 175.6 3.45 -0.47 51.2 50.3 -
Test 1-3 205.2 244.5 3.47 -0.68 50.0 -
Test 2-1 77.1 138.0 1.76 -0.13 60.8 10.0
Test 2-2 141.1 193.3 1.40 -0.11 53.9 53.9 10.5
Test 2-3 205.2 269.4 1.77 0.02 52.7 11.2
Test 3-1 77.1 123.4 1.86 0.00 58.0 16.0
Test 3-2 141.1 163.2 1.91 -0.22 49.2 49.8 13.7
Test 3-3 205.2 233.5 2.29 -0.18 48.7 13.2
Test 4-1* 77.1 109.7 2.93 -0.21 54.9 16.8
Test 4-2* 141.1 156.2 2.63 -0.53 479 48.9 -
Test 4-3* 205.2 230.8 3.55 -0.59 48.4 -

*: Performed under wet conditions, **: Negative values indicate contractive behaviour

60 —rrrrmr 0.17...:., T 56
C 2 SN Quarried Rockfill 7 54 Set 2
o 0.20\ — — Well- graded Subround to ] TestResuts — ¢
56 F no=0.30™ N\ Subangular Sandy Gravel =] 52 \
7y T . Y N@\“----- Uniform Subround Sand =] Set 3
9 o 0.35\\\ N Rockfill Particle 7] 50 . Y "
;5).. 52 B .0.35 \\\ ¢ GLAGG % . A48 Set1 Oget4
ke - ~.\~ S g 165-220 UWJ 46
Sasfos D B-+HR
L 0.39 o 44
[ EE T E <85 - b
o [ TTTthew E ] g#
S 44+ w33 o 40
< 042 ~. ] b=
S FTTtee.. R\ ] U 38
- [ Uniform subround sand,~ ~ o _\) -1 o)
2 40 :0.45verywheak?:a‘\:s N ] < 36
B 1  :u
€ o - [
S L -~ 5 32
Y e L S N VR - i 30
[ [@e0=053 @eo=048] ~~=~-.) SO 28 g
C|Meo=044 @e0=042| = TS=ee T ] Bl LT Densty, 00
28 PEEEETTTT RN TTTT ISR TTTT MRS AR 11T B A 24 —_—
1 10 100 1000 10000 12 13 14 15 16 17 18 19 20 21 22 23 24
Effective Normal Stress, on’ (kPa) | Dry Unit Weight (kN/m3)
(a) (b)

Figure 3 - The estimated peak secant angles of shearing resistance compared with typical
ranges of friction angle for rockfills, gravels and sands as suggested by (a) Terzaghi, Peck
and Mesri (1996) and (b) NavFac DM 7.01
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The peak angles of dilation values at failure are estimated to vary in the range of 10 to 16
degrees, which are observed to be consistent with available literature (Simoni and Houlsby,
2006). Similarly, the minimum void ratio values reported herein from large scale direct shear
tests (approximately in the range of 0.35 — 0.40) are judged to be also consistent with the emin
dataset presented by Simoni and Houlsby (2006). Last but not least, similar conclusions can
be made for peak secant angles of shearing resistance and relative density relations; although
the nature of coarse grained soil characteristics slightly differ in this study. As the concluding
remark, the test results are concluded to be in coherency with available literature, other than
the “friction angle” recommendations of Navfac DM 7.01 for well graded gravels.
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