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Introduction

• Rock mass consists of intact rock blocks, separated by 
various discontinuities. 

• Rock fragments and rock cores used in laboratory tests 
are generally all intact rocks. 

• The engineering performance of a rock mass under 
external loadings is very often governed by the 
strength and orientation of the discontinuities rather 
than the properties of the intact rock. 

• Other factors that influence rock behavior are the 
presence of water and the in-situ stresses within the 
rock mass.
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Site Investigation

• Objective: to acquire the data needed to create a 
geotechnical model of the ground that will be affected 
by the construction of the project.
 the sizes and shapes of the different bodies of 

geological materials in the ground;

 the geotechnical properties of those materials that 
are relevant to the project;

 the distribution, orientation and engineering 
characteristics of the structural discontinuities in the 
mass;

 the location and behaviour of groundwater.
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Site Investigation

• The methods used for exploration and investigation of 
rock include:
 Exploration (test) pits

 Rock core drilling

 Non-core (destructive) drilling

 Geologic mapping

 Geophysical methods
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Rock Exploration

• Exploration pits: where there is little or no relevant, 
existing exposure; the extent of discontinuities and 
large-scale structural features can be investigated, 
mapped and recorded in better detail. 

• Non-core (destructive) drilling: when an intact rock 
sample is not required and for identification of top of 
rock or cavity. 

• Geophysical methods such as seismic refraction and 
ground penetrating radar (GPR) may be used to obtain 
the depth to rock, location of fractures, etc. 

• Geologic mapping of rock exposures or outcrops 
provides a means for assessing the composition and 
discontinuities of rock strata on a large scale.
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Rock Exploration

• Exploration pits: 
 Utilized for direct, detailed examination of the 

geological structure of rock masses; 

 Trenches are excavated perpendicularly to the 
strikes of the rock layers, where the soil cover 
thickness is not in excess of 3-4 m and rock layers 
are steeply inclined.
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Rock Exploration

• Exploration pits: 
 Shallow shafts are used where the soil cover 

thickness does not exceed 3-4 m and the inclination 
angle of the layers is small.

 Shafts are placed along reference lines and are so 
spaced that the lower part of each extends to that 
bedrock layer which is cut by the upper part of the 
preceding shallow shaft.
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Rock Exploration

• Discontinuity sampling on exposed rock faces: 
 From sampling on exposed rock faces, either above 

or below ground, information about the orientation, 
spacing, roughness and curvature of discontinuities 
can be obtained.

 Intersections between discontinuities and the rock 
face produce linear traces which provide 2D sample 
of the discontinuity network.

 The size and shape of discontinuities can only be 
inferred based on assumptions.
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Rock Exploration

• Discontinuity sampling on exposed rock faces: 
 Straight scanline sampling: to determine spacing, 

length and orientation of discontinuities.

9

sinass 

Where: 
s = true spacing between discontinuities of the same set; 
sa = measured (apparent) spacing between discontinuities of the same 
set on the rock face; 
θ = angle between the scanline and the discontinuity traces;
N = adjusted number of discontinuities; 
Na is the measured (apparent) number of discontinuities.

sin
aNN 
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Rock drilling and sampling

• Rock drilling procedures are used when formations are 
encountered that are too hard to be sampled by soil 
sampling methods (ASTM D 2113).

• A penetration of 25 mm (1 in) or less by a 51 mm (2 
in) diameter split-barrel sampler following 50 blows 
using standard penetration energy indicates that soil 
sampling methods are not applicable and rock drilling 
or coring is required.

• Rock drilling should be performed to a depth that 
assures that refusal was not encountered on a boulder.
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Rock drilling and sampling

• Two ways of drilling into the rock overburden:
 Rotary drilling: a sharp rotating drill bit is advanced 

into the ground, exerting a downward pressure as 
well.

 Percussion drilling: the drill bit is repeatedly 
hammered into the rock. 

• Rock core drilling is used to obtain intact samples of 
rock for testing purposes and for assessing rock 
quality and structure.
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Rock drilling and sampling

• A core barrel is attached to a 
drilling rod. 
 single-tube core barrel (a): 

disturbed samples; used in 
homogeneous hard intact 
rock mass.

 double-tube core barrel (b): 
most common; minimizes 
disturbance.  

• A coring bit (diamond, carbide 
saw tooth) is attached to the 
bottom of the barrel.
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Rock drilling and sampling

• Common core sizes and their standard designations
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Rock drilling and sampling

• Selection of core size
 in most rocks a diameter of not less than 70 mm is 

adequate for good recovery, proper examination 
and testing. 

 In massive, strong rocks, a diameter of 55 mm is 
usually adequate.

 For very weak and/or friable rocks it may be 
necessary to obtain 100 mm or even 150 mm 
diameter core.
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Rock drilling and sampling

• Diamond bits are applicable in all rock types, and 
permit higher rates of coring when compared to other 
bits.

• Carbide insert bits are cheaper than diamond bits and 
can be used in soft to medium-hard rock.

• Sawtooth bits are the cheapest, but lead to slower 
coring, and are typically only used in soft rock.
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Rock drilling and sampling

• In fractured and weathered rock zones the core length 
should be 1.5 meters or less.

• The core lengths should not be greater than 3 m under 
any conditions because of the potential to damage the 
long cores.

• Rock coring can be accomplished with either 
conventional or wireline equipment. 
 With conventional drilling equipment, the entire 

string of rods and core barrel are brought to the 
surface after each core run to retrieve the rock core. 

 Wireline drilling equipment allows the inner tube to 
be uncoupled from the outer tube and raised rapidly 
to the surface by means of a wire line hoist.
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Rock drilling and sampling

• Observations during drilling
 Drilling Rate/Time: The drilling rate should be 

monitored and recorded on the boring log in the 
units of minutes per 0.3 m (1 ft).

 Core Photographs: cores in the split core barrel 
should be photographed immediately upon removal 
from the borehole. 

 Rock Classification: the rock type and its inherent 
discontinuities, joints, seams, and other facets 
should be documented.

 Core Recovery and Core Recovery (CR) Ratio

 Rock Quality Designation (RQD)
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Rock drilling and sampling

• The Rock Core Log:
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Rock drilling and sampling
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Rock core logging
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• Cores are placed in well-labelled core boxes and are 
stored so that their condition as recovered from the 
borehole is maintained.

• Features in the cores resulting from drilling, have to be 
identified.

• If samples are extracted for testing then something 
should be put in their place (ideally a block of wood 
cut to length and labelled) and noted. 

• Core boxes should have a logging record pinned to the 
inside of the lid.
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Rock core logging
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• Core logging provides information about the total core 
recovery, discontinuity frequency, rock quality 
designation (RQD) and other discontinuity information 
such as orientation, spacing and aperture.

• Discontinuity frequency is defined as the number of 
natural discontinuities intersecting a unit length of 
recovered core and should be counted for each meter 
of core.

• Discontinuity spacing may also be estimated by 
matching the individual core pieces and measuring the 
length along the core axis between adjacent natural 
discontinuities of one set.
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Rock drilling and sampling

Example of core logging
Three core boxes are 
illustrated containing cores 
obtained by rotary core drilling 
from 15.00 to 38.06 m depth. 
The upper two boxes contain 
160 mm diameter core, the 
lowest 120 mm diameter core. 
The driller has marked the 
beginning and end of each core 
run, which are measured from 
the drill rods, and has also 
estimated the depth of the end 
or beginning of the core in 
each core box.
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Rock drilling and sampling

• Intact rock quality
 Core recovery ratio (CR) 

 Rock quality designation (RQD)
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100
run core  theoflength  Total

recovered corerock  ofLength (%) CR

100
run core  theoflength  Total

mm 100n longer thaor   toequal pieces core ofLength 
(%)  RQD
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Rock drilling and sampling

Example 1
In a 1500-mm rock core run, the following rock pieces 
were recovered from a borehole: 53 mm, 108 mm, 125 
mm, 75 mm, 148 mm, 320 mm, 68 mm, 145 mm, 35 
mm and 134 mm. Find the RQD and the CR.
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In-situ Testing in Rock
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• In-situ testing is a major part of investigation 
programs for major structures founded on rock 
because of the difficulty in sampling and testing large 
samples representative of the rock mass. 

• The primary objective of in-situ testing is to evaluate 
rock mass deformation modulus and shear strength.

• Common methods of in-situ deformation modulus and 
shear strength testing:
 overcoring;
 borehole dilatometer; 
 borehole jack; 
 plate load test;
 in-situ direct shear test.
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In-situ Testing in Rock
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• Overcoring
 involves fixing a strain measuring device in a 

borehole and over-coring the device which then 
records strains opposite to the in-situ stresses. 

 the readings taken from the strain device allow 
calculation of the direction and magnitude of the 
principal stresses and strains.

Price (2009)
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In-situ Testing in Rock
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• Borehole Dilatometer:
 the dilatometer is lowered to the test elevation and 

the flexible rubber membrane is expanded exerting 
a uniform pressure on the sidewalls of the borehole.

 as the pressure is raised, the volumetric expansion 
of the borehole is measured by electronic 
transducers that measure radial displacement of the 
inside of the sleeve.
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In-situ Testing in Rock
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• Borehole Dilatometer:
 Modulus of elasticity of intact rock:

 Modulus of elasticity of fractured rock:
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/
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Where:
E = modulus of elasticity (MPa)
p = applied pressure increment (MPa)
d = borehole diameter (m)
r = borehole radius (m)
b = radius of broken rock (m)
 = Poisson’s ratio
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In-situ Testing in Rock
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• Borehole Dilatometer Test 
• Advantages:
 Test is carried out in undisturbed rock mass and at 

in-situ moisture conditions;

 The cost is relatively low and the test is fast.

 Mainly applied is soft rocks where deformations are 
high and contact pressures at the dilatometer/rock 
interface are low (<15-20 MPa).

• Limitations:
 Poisson’s ratio of rock must be assumed; 

 test only affects small area of the rock mass but 
several tests over the depth of influence can be 
performed.
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In-situ Testing in Rock
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• Borehole Jack:
 The jack exerts a unidirectional pressure against the 

borehole wall by means of semi-cylindrical steel 
loading plates.

 The applied pressure is measured with a pressure 
gauge, and the deformation of the rock is measured  
by two linear variable differential transformers 
(LVDT). 
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In-situ Testing in Rock
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• Borehole Jack
 Modulus of elasticity of fractured rock:

dd
KpE
/




Where:
E = modulus of elasticity (MPa);
p = applied pressure increment (MPa);
d = borehole diameter (m);
K ( ,) = constant depending upon  and E and the load 
applied through angle ;
 = Poisson’s ratio;
 = angle of loaded arc of the jack.
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In-situ Testing in Rock
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• Borehole Jack:
 Applicable in rock that is too stiff for a dilatometer.

 Used to measure rock mass deformability in a drill 
hole. 

 Measured elastic modulus value must be corrected 
to account for stiffness of steel platens. 

 Test can be performed in any desired direction in 
order to evaluate anisotropy or assess the effect of 
any geological feature on the stability of a rock 
mass.
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In-situ Testing in Rock
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• Flat Jack:
 The distances between measuring points on a rock 

surface are recorded. 

 A slot (1 cm wide and 24 cm deep) is excavated 
between the points by saw cut or by overlapping 
drill holes. 

 The previously existing stresses are relieved as the 
rock expands into the slot. 

 A flat jack is cemented into the slot and pumped up 
until the points return to their original position. 

 Jack pressure is then equal to in the in-situ stress 
normal to the slot.
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In-situ Testing in Rock
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• Flat Jack:

Price (2009)
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In-situ Testing in Rock
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• Plate load test:
 Load is applied to a steel plate using a system of 

hydraulic jacks and a reaction frame anchored to 
the foundation rock.

Price (2009)
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In-situ Testing in Rock
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• Plate load test:
 Modulus of elasticity of fractured rock can be 

determined from:

 
E

BpS
21

4
 



Where:
E = modulus of elasticity;
p = applied pressure increment;
B = plate diameter;
 = Poisson’s ratio ( = 0.10 for hard rock,  = 0.25 for soft rock);
S = average settlement of the plate.
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In-situ Testing in Rock
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• Plate load test:
 Used to measure modulus of elasticity of the rock 

mass.

 Loaded area is limited so may not be effectively 
testing rock mass if joints are widely spaced.

 Modulus values need to corrected for plate 
geometry, effect of rock breakage, rock anisotropy, 
and steel plate stiffness.

 If cable anchorage is used, test can be performed in 
any desired direction in order to evaluate stress 
anisotropy.
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In-situ Testing in Rock
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• In-situ Direct Shear Test:
 when the scale of laboratory tests is too small to 

give reliable values of shear strength. 

 to determine the shear strength (peak and residual) 
of discontinuities or discontinuity infilling in rock 
mass.

 At least three or four specimens should be tested at 
different normal stresses on the same test horizon.

 Testing is typically performed in an adit where 
reaction for the shear load is provided by an adit
wall. 

 Normal load applied via a jack system that uses the 
adit roof for reaction.
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In-situ Testing in Rock
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• In-situ Direct Shear Test:
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In-situ Testing in Rock
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• In-situ Direct Shear Test:
 Expensive but appropriate for cases in which the 

shear strength of an undisturbed, potentially 
sensitive, infilling is required for design analyses.

 Testing can be conducted on a rock surface using 
cables anchored into the rock adjacent to the test 
site to supply the reaction for loading in the 
direction normal to the shear load.

 The peak and residual strength parameters 
(cohesion and friction angle) can be determined 
from  vs  plots.
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Geophysical Exploration
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• Geophysical testing is often used as part of the initial 
site exploration phase of a project.

• Consist of making indirect measurements on the 
ground surface, or in boreholes, to obtain generalized 
subsurface information (e.g., profile of the top of 
bedrock, depth to groundwater, limits of types of rock 
strata, presence of voids).

• Data from geophysical testing should always be 
correlated with information from direct methods of 
exploration (e.g., boreholes).
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Geophysical Exploration
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• Advantages:
 tests are non-invasive;
 can cover a relatively large area, with few tests;
 tests assess the characteristics of soil and rock at 

very small strains, allowing measurement of truly 
elastic parameters;

 relatively inexpensive compared to core borings or 
test pits.

• Disadvantages:
 best suited for cases where there is a large 

difference in stiffness between adjacent subsurface 
units;

 specialized equipment and expertise are required.
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Geophysical Exploration
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• Seismic methods:
 the most commonly conducted geophysical surveys 

for engineering investigations;
 measure the relative arrival times, and thus the 

velocity of seismic waves traveling between an 
energy source and a number of geophones. 

 the energy source may be a hammer blow or 
detonation of a light explosive charge.

 measured shear wave velocity is directly related to 
small-strain material stiffness, which in turn, is 
often correlated to strength and soil/rock type.

 used for assessing the vertical stiffness profile and 
the interface between soil and rock.
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Geophysical Exploration
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• Seismic methods:

(a) Seismic reflection and refraction; (b) The seismic refraction method; 
(c) The seismic reflection method; (d) Cross hole method. After Zhang (2004).

(a) (b)

(c) (d)
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Geophysical Exploration
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• Electrical methods:
 Used to locate voids, sinkholes, buried objects, 

contamination plumes, depth to GWT.

 Electrical Resistivity method:

− DC current is applied to the ground using 
electrodes. 

− Voltages are measured at different points on the 
ground surface with other electrodes positioned 
along a line.
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Geophysical Exploration
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• Ground Penetrating Radar:
 high-frequency (80 to 1,000 MHz) electromagnetic 

(EM) waves are transmitted into the ground. 

 transmitted EM waves are reflected from various 
interfaces within the ground and are detected by the 
radar receiver at the surface;

 reflecting interfaces may be soil horizons, GWT, 
soil/rock interfaces, man-made objects, etc.

 fracture infillings with dielectric properties different 
from their adjacent rock mass can be detected.
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Geophysical Exploration
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• Ground Penetrating Radar:
 not effective below the water table or in clay;

 the penetration depth of radar is limited to usually 
less than 10 meters.
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Geophysical Exploration
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• Electromagnetics:
 a magnetic field is generated by passing AC current 

through a wire loop or through a wire grounded at 
both ends. 

 if any conductive material lies within the generated 
magnetic field electrical currents will be generated 
in it and these will, in turn, generate a secondary 
magnetic field.

 the total magnetic field consists of the primary field 
(generated by the source current) and the induced 
secondary field (generated by the conducting body).

 resolution decreases significantly with decreasing 
depth.
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Geophysical Exploration
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• Electromagnetics:
 the field equipment consists of a transmitting coil 

(transmitting the primary field) and a receiver coil 
(measuring the total field).


