HKIE Paper
Publication only

he basic Irictional
Pesislance of Sheeling
|olatg [n Hong Kong
granife

S.R. Hencher, BSc, DIC, PhD, FGS
Geotechnical Control Office, Hong Kong Government

L.R. Richards, NZCE, BE(Hons). MSc(Dist), DIC,
PhD, MIMM, FGS
Golder Associates, England

Introduction

This paper presents the results of a series of direct shear
tests carried out on samples taken from sheeting joints in
Hong Kong Granite. The tests formed part of a study into
the stability of rock cut slopes in the North Point area of
Hong Kong. The study was carried out by Golder Asso-
ciates on behalf of the Building Ordinance Office of the
Public Works Department.

It is hoped that this paper will provide useful guidance
on the basic frictional strength of these particular rocks,
and that the method of interpreting results discussed here
will lead to the adoption of better practice in Hong Kong.

Sampling

Samples for shear testing were taken from HQ size
diamond drill core obtained using an air-foam flushing
technique. Both vertical and horizontal holes were drilled
and the orientation of intersected joints determined by
means of an impression packer, Samples of sheeting joints
were selected with the aim of obtaining a full range of
weathering conditions from fresh to completely decom-
posed. Testing was undertaken at the PWD Laboratory at
North Point. Prior to testing, the samples were stored in a
‘wet' room to maintain the field moisture conditions,

Testing method

The majority of tests were carried ouﬁuing a direct
shear box designed by Golder Associates and illustrated
diagrammatically in Figure 1. A few tests on saw -cut
samples and on intact weak material where excessive
dilation or tilting was not expected were carried out using
a standard Wykeham Farrance soil shear box. The Golder

vertlcsl
displecemant

horizontal displacemont
gauge

hanging

weights

Fig. 1 Golder Associates direct shear box

Associates shear box is designed to allow testing at the
relatively Jow stresses that are generally applicable to rock
slope design. Normal load is applied through a hanging
weight system and shear load by a hydraulic jack, Displace-
ment gauges allow the measurement of vertical and hori.
zontal movements during the test.

A multistage testing technique was adopted to allow the
determination of shear strengths at various stress levels for
single samples. In this method each stage is carried out by
applying a given normal load and then gradually increasing
the shear load until a ‘peak’ strength is achieved, The
normal load is then changed and a further ‘peak’ strength
obtained. With this technique, true peak strength is ob-.
tained only for the initial stage of testing. Subsequent runs
may have reduced shear strengths in comparison with virgin
peak strengths. It is usual in multistage testing to use
progressively increasing normal loads, Where significant
losses of peak strength are suspected, the effect may be
quantified by testing similar samples under decreasing
normal stresses. The maximum strengths achieved at the
highest normal loads may then be compared and it will be
seen if the sample loading history is affecting the results.
Depending on the amount of horizontal strain, samples
may be reassembled in the zero displacement position at
the change of normal load or may continue from the point
at which the previous stage ended. Where samples are reset,
the rock flour produced by the initial shearing should be
removed.
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Fig. 2 Uncorrected data from a multistage tess

The majority of tests were conducted with the rock
joint under water. The purpose of this was to assess possible
changes in strength as water will induce lubrication as well
as pressure effects in some rock types (Brown et al, 1977).

A number of tests were carried out on saw-cut surfaces
of slightly decomposed and moderately decomposed granite
to provide reference values of basic shear strength for flat
surfaces.

Samples preparation and description

Each sample was trimmed with a diamond saw and then
cast into the two halves of the shear box using demtal
plaster. Considerable care was taken to align the joint plane
as closely as possible with the shearing plane of the
machine,

Close examination and description of the surfaces were
made both before and after testing. Before testing, special
note was made of areas likely to come into contact during
sliding. After testing, attention was focussed on the nature
of any visible damage. Profiles of each sample were re-
corded using a needle profilometer. For record purposes,
high quality photographs were taken using low angle
lighting to emphasize relief. Photographs were also taken
using vertical electronic flash, the high reflectance of rock
flour clearly indicating areas of damage. Thin sections were
made of a number of specimens and these were described
using a petrological microscope.

Shear strength criteria

The shear strength of rock joints is generally expressed
as a Coulomb relationship, i.e.
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Fig. 3 Uncorrected data — natural surfaces
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where 1, ¢, o and ¢ are shear strength, cohesion, normal
stress and friction angle respectively. For natural rock
joints, this is generally applicable only within a limited
range of normal stresses,

A more generally applicable criterion is the bilinear
model. At low stresses, overriding rather than shearing
occurs and

T= otan(g+1)

where i is the roughness angle. At higher stresses, the rough-
ness features are sheared through and

T=c+0otang
where ¢ is an apparent cohesion defined by the intercept on
the shear strength axis.

A continuous mathematical function which approxi-
mates the above bilinear model is the power law

r'aa"

where a and b are constants.

The relationship that best describes a set of data can be
established by statistical means using the method of least
squares. A measure of correlation is described by the
function r*. If r* is | there is perfect correlation (i.e. all
points lie exactly on the given line). For r* = 0 correlation
is non-existent,

Uncorrected test results

Initially, the raw test data were presented in graphical
form as illustrated in Figure 2. For each stage of testing,
shear stress and vertical displacement were plotted against
horizontal displacement as in Figure 2a and 2b. In addition,
peak shear stress was plotted against normal stress for each
load stage (Figure 2¢).

Normal and shear stresses were calculated from the
normal and shear loads divided by the gross area of con-
tact. The contact area was adjusted to take account of
horizontal displacement.

Data presented as in Figure 2¢ incorporate the effects
of roughness as well as errors in setting the Joint horizon-
tally in the shear box. The measured angle of shearing
resistance is directly affected by vertical movements of the
upper specimen from ecither of the above causes, Referring
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to Figure 2, it can be seen that an anomalously high
strength occurs at a normal stress level of 200 kPa. The
reason for this is clearly shown on the vertical displacement
graph (Figure 2b) where it can be seen that this loading
stage coincides with the most steeply inclined roughness
feature,

Figure 3 is a summary plot of the North Point data in
its uncorrected form. It is difficult 1o interpret this data
meaningfully because of the wide scatter in the resuls.
Unfortunately, it appears to be common practice in Hong
Kong to present shear test data in this manner. If vertical
dilation measurements have not been taken (also un-
fortunately common) the results may be quite misleading.

Corrected data

A more meaningful way of presenting the data is to
normalize it to a common horizontal and planar surface by
resolving stresses to take account of difation, as in Figure 4,
By doing so, all data is made to represent, effectively, the
shear strength of a naturally textured and planar surface.
The effect that roughness will have on field shear strength
can be considered quite separately by field measurements
once the normalized strength has been determined.

Corrections for dilation should be made at peak shear
stress. It is generally not adequate to take an average angle
over a complete run or to use an angle measured from a
surface profile which might not reflect actual test be-
haviour. Very careful laboratory work is required to obtain
correct displacement measurements as significant dilational
changes may occur very rapidly as the peak strength is
reached.

The corrected data for the North Point study is pre-
sented in Figure 5. Clearly the amount of scatter is con-
siderably reduced from that in Figure 3. By removing the
highly variable effects of surface roughness, it can be seen
that the basic frictional behaviour of the joint matenals is
quite consistent for all the tests performed.

Discussion of laboratory test results

Direct shear tests were carried out on 17 natural joint
samples ranging from rough almost fresh, to highly decom-
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Fig. 5 Corrected data — natural surfaces

posed granite. A number of joints were heavily coated with
iron and manganese oxides, several had accumulations of
clay, and a single joint had slickensided surfaces. One test
was carried out on a joint with a thick layer of kaolin
between moderately decomposed granite.

Despite such variation in mineralogy and weathering,
the normalized results were remarkably uniform and for
all practical purposes a basic friction angle of 40 degrees
can be taken for all weathering grades. Cohesion intercepts
in these tests were generally small. Laboratory values of
‘cohesion”  for rock joints are usually inapplicable to
engincering analyses since it is not possible to test joints
with surface roughness features which are representative
of field conditions. Small scale tests should be used only to
assess the basic friction angle ¢. Field observations are
needed 1o evaluate rock joint ‘cohesion’ which is mainly
a function of surface roughness rather than true cohesion
in the same sense as soil shear strength. Details of individual
tests are given in Table 1,

Results from tests carried out under water were not
significantly different from those obtained from dry tests
and all data is included in Figures 3 and $.

Tests on saw-cut surfaces gave friction angles of 34 and
38 degrees for slightly and moderately decomposed granite
respectively. These lower strengths reflect the artificially
smooth surfaces obtained by grinding.

Field strength of sheeting joints

Because of the size of laboratory samples, direct shear
tests will incorporate only the effects of small scale rough-
ness features. The above procedure shows how laboratory
tests may be normalized in terms of a common planar
surface.

Measurement of roughness in the field may be per-
formed by a variety of techniques and some of these will
be discussed in a subsequent paper. Field shear strength is
generally assessed as a combination of basic frictional
strength plus an appropriate roughness angle (depending
on the scale and nature of the problem). Special considera-
tion has to be given to joints with thick decomposed zones,
where the roughness component is no longer applicable.

Conclusions
Normalized data from direct shear tests on sheeting joint

samples from Hong Kong Granite give a friction angle of
40 degrees. This value is for planar but naturally textured
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Table 1 Direct shear test resuits

Beck Test Corrected Smnk J
11 Hard surfaces. Fine veck flour. undey water |Te2.5+0 tan3BY  O-220
Soge chlerd tisabicn. Flaklsge and
crushing of woslier
raterial.
11 Baxd purfaces coated Fine rock flour not te @ tan 37 {400
with secusdary guarts.] and grooving. saturated
1T - 111 Planar. “hin cxide Local shearing of not 1= ¢ tan 40° -15¢
film ovor 4% of asperitica. ‘saturated 7
surfaces. Hamd, Waite ficwr. under water | 1= O tan 42.5° (=240
Il - 11 Step festure due to Wear in decompossd not T=10+ olan §0° =320
crems Judnt, rock . naturated
: II - 111 SO% Pey ¥n oxides. Shweard g not
; Cross joints. Becompazed reck. saturated 1= o tan }9.%% Ca28%
; Seoaring oxides.
; I -1 Uedulating. Covered | Grouving in Pe not T=2C 4 o tan 34.5%  C=140
| with Fa cxidesg, exide and sxturated
; wnderlying rock Te o tan 46.5°
5 at higher stresses
I1 - 111 Fe oxides and ¢lay Shearing of not 1= o tan 42 G240
o part surface. surface saterials.! saturated
I1I Pe, Mn oxides oa Piee flour. Scee | under water | T= o tan 40° C=770
surlace, ploughing.
IIx Some clay infill. Little damage. not t=14 + o tun 38* =150
Pe oxides. Fine flour, loves | satweated
graine. undexr water | 1= o tan 47 G200
I 608 covering otides. | Fime flour frea under water | v=15 + o tan 38.54 0550
Hard asperities wear of asperities
1y Friadle. Covering of | Shearing through not
oxides. woathored rock. saturated T © tan 40° G250
w Friable. Covering of | Shearing of underswator = s 10 +0 tan 40 G=2C0
oxides. surface materials i
& veme ploughing. ]
v Iron stained Locse rock flour. | under water T @ tan 40° =280
deconpeacd granite, (Wykeham
Parrance
Box)
v Righly deccaposed LZene of shear under water | 1= o tan 41.%° C-190
granite, throwh woak
waxtorial,
v Righly detcoposed Specimen collapsed! under water ' T= O tan 42 C~44C
granite . Slickensidod | on dimnantling
teat,
v-v Intact sample with Teated intact. under water |t «20+0tan 42,5 | 0O-160
velict Joint. Friable. Zome of shear, r‘
Above 169 kPa,
syecimen ccllapaed
- Kaclin infill between Softening/ under water To20 4+ 0 tan 35.5¢ G380
mederately deccooposed reuculding of with ne 53
roek . kaolin. ecrrection for
Compreasion Comproasi on
securred T=10 + Utan 27*
throughout test.
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surfaces. Tests on saw-cut surfaces give values less than this.

The above value may not be applicable outside the
North Point study area. It would not be prudent to use
these results outside this context without prior and detailed
validation.
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