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ABSTRACT 
The Q-slope method for rock slope engineering provides an empirical means of assessing the stability of excavated rock 
slopes in the field. Q-slope allows geotechnical engineers and engineering geologists to make potential adjustments to slope 
angles as rock mass conditions become apparent during the construction of reinforcement-free road or railway cuttings and 
in open pit mines. Through case studies across Australia, the Americas, Asia and Europe, a simple correlation between Q-
slope and long-term stable slopes was established. The Q-slope method is designed such that it suggests stable, 
maintenance-free, bench face slope angles of, for instance, 40-45°, 60-65° and 80-85° with respective Q-slope values of 
approximately 0.1, 1.0 and 10.  

Q-slope was developed by supplementing the Q-system which has been extensively used for characterizing rock exposures, 
drill core and underground mines and tunnels under construction for the last 40 years. The Q’ parameters (RQD, Jn, Jr and 
Ja) have remained unchanged in Q-slope, although a new method for applying Jr/Ja ratios to both sides of a potential wedge 
is used, with relative orientation weightings for each side. The term Jw has been replaced with the more comprehensive term 
Jwice, which takes into account long-term exposures to various climates and environments. SRF categories have been 
developed for slope surface conditions, stress-strength ratios and major discontinuities such as faults, weakness zones or 
joint swarms. 

This paper discusses civil and mining engineering applications of the Q-slope method in Australia for a variety of ground 
conditions from very weak to strong rocks, blocky to massive, isotropic rock masses to laminated, heterogeneous, highly 
anisotropic rock masses. A case study is also presented to illustrate the compatibility of Q-slope with P-wave velocity and 
acoustic and optical televiewer data obtained from borehole geophysical surveys to determine appropriate rock slope angles. 

NOMENCLATURE 

RQD – rock quality designation SRFslope – largest of three strength reduction factors: a, b and c 
Jn – joint sets number SRFa – physical condition number 
Jr – joint roughness number SRFb – stress and strength number 
Ja – joint alteration number SRFc – major discontinuity number 
Jwice – environmental & geological condition 
number 

O-factor – orientation factor for the ratio Jr/Ja 

1     INTRODUCTION 

In both civil and mining engineering projects, it is practically impossible to assess the stability of rock slope cuttings and 
benches in real-time using analytical approaches such as kinematics, limit equilibrium or finite and distinct element 
modelling. Excavation is usually too fast for this. Furthermore, in Australia, the cost of engineering services and labour are 
too high to facilitate such detailed slope design guidance and reconciliation during excavation. The same limitation usually 
applies to tunnelling, although caverns and large underground openings are sufficiently stationary for thorough and more 
necessary analysis, and the same applies to high rock slopes. 

The purpose of Q-slope is to allow engineering geologists and geotechnical engineers to assess the stability of excavated 
rock slopes in the field, and make potential adjustments to slope angles as rock mass conditions become visible during 
construction (Barton & Bar, 2015). Key areas of Q-slope application are from the surface and downwards: bench face angle 
decisions in open pit mines, and for numerous slope cuttings to reach remote project sites in mountainous terrain through 
varying geological conditions. In many rock slope problems, the engineer needs to quickly decide whether the slope will be 
excavated at angles of 45 to 90° or shallower than 45°. The use of Q-slope during excavation can help to reduce 

datgel.com

Datgel is a gINT and Bentley development partner that’s been providing 

solutions to geotechnical engineering firms worldwide for over 12 years.

gINT - centralised data management
Datgel is a product specialist for this world-leading geotechnical 

solution.

Our complete service includes expert advice, procurement, development 

and support for the entire gINT range.

•  gINT Professional Plus – SQL Server based version of gINT with all the 

features of gINT Pro. A centralised data storage solution for companies 

with large quantities of data. 

•  gINT Professional – The ultimate geo database and reporting engine,  

with nine report types including logs and sections/fences, numerous 

import/export formats including AGS Format, powerful interrogation 

tools, internal CAD, inbuilt PDF creator, and VBA. 

•  gINT Logs – Database and entry level log production - borehole,  

test/trial pit, well, CPT and DCP.

New 2D/3D CAD and 2D GIS features in gINT were released in February 

2017, and form part of gINT Pro and gINT Pro Plus.

Custom database & reporting solutions
Our highly experienced .NET developers and geotechnical engineers 

create exactly what you need, from log reports to lab / in situ test 

calculations. 

Visit our website to:

  Download trial versions

  Order using our web store

  Register for a demo at your office or online

T  +61 2 8202 8600    |    sales@datgel.com    |    datgel.com

Ready-to-use gINT Add-Ins
 Datgel CPT Tool

 Extend querying power utilising the most use-definable  

CPT software available today. 

 CPT Tool is a proven third-generation software providing  

code-free formula definition, preconfigured calculations and  

rich-data presentation in over 300 customisable log, fence,  

graph and cross-section reports.

 •    Preconfigured soil parameters & soil behaviour type correlations.

 •    The power to run 1000’s of tests with the control of an  

SQL database.

 •  Liquefaction correlations & much more.

 DGD Tool
 The complete gINT system for geotechnical in situ and  

lab result storage and reporting.

 •    Choose from two editions: Professional or Logs.

 •    Understandable table and field names.

 •    Support for AGS 3.1, AGS 3.1 RTA 1.1, AGS 4 and AGS 4 NZ.

 •    AS, ASTM, BSI and NZGS component description.

 •      >300 log, summary graph, histogram, and table reports for  

lab and field testing.

 •    Program with analysis and productivity tools. 

• Monitoring Tool – piezometer, settlement  

& now with inclinometer.

• Output Tool – batch output gINT reports with ease.

• Photo Tool – link, organise and print investigation-related 

images in gINT reports.

• Fence & Map Tool – user-definable fence & map reports.

• Lab & In Situ Tool – LIMS within gINT supporting ISO,  

BSI and ASTM.

gINT
CONNECT Edition

Hit the ground running with a complete range of supported software packages and 
solutions for world-class geotechnical data management.

Transform your reporting and  
analysis capabilities with gINT and Datgel

14-day Free 
Software Trial 

Trial our geotechnical software now

datgel.com/trial

datgel.com

Datgel is a gINT and Bentley development partner that’s been providing 

solutions to geotechnical engineering firms worldwide for over 12 years.

gINT - centralised data management
Datgel is a product specialist for this world-leading geotechnical 

solution.

Our complete service includes expert advice, procurement, development 

and support for the entire gINT range.

•  gINT Professional Plus – SQL Server based version of gINT with all the 

features of gINT Pro. A centralised data storage solution for companies 

with large quantities of data. 

•  gINT Professional – The ultimate geo database and reporting engine,  

with nine report types including logs and sections/fences, numerous 

import/export formats including AGS Format, powerful interrogation 

tools, internal CAD, inbuilt PDF creator, and VBA. 

•  gINT Logs – Database and entry level log production - borehole,  

test/trial pit, well, CPT and DCP.

New 2D/3D CAD and 2D GIS features in gINT were released in February 

2017, and form part of gINT Pro and gINT Pro Plus.

Custom database & reporting solutions
Our highly experienced .NET developers and geotechnical engineers 

create exactly what you need, from log reports to lab / in situ test 

calculations. 

Visit our website to:

  Download trial versions

  Order using our web store

  Register for a demo at your office or online

T  +61 2 8202 8600    |    sales@datgel.com    |    datgel.com

Ready-to-use gINT Add-Ins
 Datgel CPT Tool

 Extend querying power utilising the most use-definable  

CPT software available today. 

 CPT Tool is a proven third-generation software providing  

code-free formula definition, preconfigured calculations and  

rich-data presentation in over 300 customisable log, fence,  

graph and cross-section reports.

 •    Preconfigured soil parameters & soil behaviour type correlations.

 •    The power to run 1000’s of tests with the control of an  

SQL database.

 •  Liquefaction correlations & much more.

 DGD Tool
 The complete gINT system for geotechnical in situ and  

lab result storage and reporting.

 •    Choose from two editions: Professional or Logs.

 •    Understandable table and field names.

 •    Support for AGS 3.1, AGS 3.1 RTA 1.1, AGS 4 and AGS 4 NZ.

 •    AS, ASTM, BSI and NZGS component description.

 •      >300 log, summary graph, histogram, and table reports for  

lab and field testing.

 •    Program with analysis and productivity tools. 

• Monitoring Tool – piezometer, settlement  

& now with inclinometer.

• Output Tool – batch output gINT reports with ease.

• Photo Tool – link, organise and print investigation-related 

images in gINT reports.

• Fence & Map Tool – user-definable fence & map reports.

• Lab & In Situ Tool – LIMS within gINT supporting ISO,  

BSI and ASTM.

gINT
CONNECT Edition

Hit the ground running with a complete range of supported software packages and 
solutions for world-class geotechnical data management.

Transform your reporting and  
analysis capabilities with gINT and Datgel

14-day Free 
Software Trial 

Trial our geotechnical software now

datgel.com/trial

datgel.com

Datgel is a gINT and Bentley development partner that’s been providing 

solutions to geotechnical engineering firms worldwide for over 12 years.

gINT - centralised data management
Datgel is a product specialist for this world-leading geotechnical 

solution.

Our complete service includes expert advice, procurement, development 

and support for the entire gINT range.

•  gINT Professional Plus – SQL Server based version of gINT with all the 

features of gINT Pro. A centralised data storage solution for companies 

with large quantities of data. 

•  gINT Professional – The ultimate geo database and reporting engine,  

with nine report types including logs and sections/fences, numerous 

import/export formats including AGS Format, powerful interrogation 

tools, internal CAD, inbuilt PDF creator, and VBA. 

•  gINT Logs – Database and entry level log production - borehole,  

test/trial pit, well, CPT and DCP.

New 2D/3D CAD and 2D GIS features in gINT were released in February 

2017, and form part of gINT Pro and gINT Pro Plus.

Custom database & reporting solutions
Our highly experienced .NET developers and geotechnical engineers 

create exactly what you need, from log reports to lab / in situ test 

calculations. 

Visit our website to:

  Download trial versions

  Order using our web store

  Register for a demo at your office or online

T  +61 2 8202 8600    |    sales@datgel.com    |    datgel.com

Ready-to-use gINT Add-Ins
 Datgel CPT Tool

 Extend querying power utilising the most use-definable  

CPT software available today. 

 CPT Tool is a proven third-generation software providing  

code-free formula definition, preconfigured calculations and  

rich-data presentation in over 300 customisable log, fence,  

graph and cross-section reports.

 •    Preconfigured soil parameters & soil behaviour type correlations.

 •    The power to run 1000’s of tests with the control of an  

SQL database.

 •  Liquefaction correlations & much more.

 DGD Tool
 The complete gINT system for geotechnical in situ and  

lab result storage and reporting.

 •    Choose from two editions: Professional or Logs.

 •    Understandable table and field names.

 •    Support for AGS 3.1, AGS 3.1 RTA 1.1, AGS 4 and AGS 4 NZ.

 •    AS, ASTM, BSI and NZGS component description.

 •      >300 log, summary graph, histogram, and table reports for  

lab and field testing.

 •    Program with analysis and productivity tools. 

• Monitoring Tool – piezometer, settlement  

& now with inclinometer.

• Output Tool – batch output gINT reports with ease.

• Photo Tool – link, organise and print investigation-related 

images in gINT reports.

• Fence & Map Tool – user-definable fence & map reports.

• Lab & In Situ Tool – LIMS within gINT supporting ISO,  

BSI and ASTM.

gINT
CONNECT Edition

Hit the ground running with a complete range of supported software packages and 
solutions for world-class geotechnical data management.

Transform your reporting and  
analysis capabilities with gINT and Datgel

14-day Free 
Software Trial 

Trial our geotechnical software now

datgel.com/trial

datgel.com

Datgel is a gINT and Bentley development partner that’s been providing 

solutions to geotechnical engineering firms worldwide for over 12 years.

gINT - centralised data management
Datgel is a product specialist for this world-leading geotechnical 

solution.

Our complete service includes expert advice, procurement, development 

and support for the entire gINT range.

•  gINT Professional Plus – SQL Server based version of gINT with all the 

features of gINT Pro. A centralised data storage solution for companies 

with large quantities of data. 

•  gINT Professional – The ultimate geo database and reporting engine,  

with nine report types including logs and sections/fences, numerous 

import/export formats including AGS Format, powerful interrogation 

tools, internal CAD, inbuilt PDF creator, and VBA. 

•  gINT Logs – Database and entry level log production - borehole,  

test/trial pit, well, CPT and DCP.

New 2D/3D CAD and 2D GIS features in gINT were released in February 

2017, and form part of gINT Pro and gINT Pro Plus.

Custom database & reporting solutions
Our highly experienced .NET developers and geotechnical engineers 

create exactly what you need, from log reports to lab / in situ test 

calculations. 

Visit our website to:

  Download trial versions

  Order using our web store

  Register for a demo at your office or online

T  +61 2 8202 8600    |    sales@datgel.com    |    datgel.com

Ready-to-use gINT Add-Ins
 Datgel CPT Tool

 Extend querying power utilising the most use-definable  

CPT software available today. 

 CPT Tool is a proven third-generation software providing  

code-free formula definition, preconfigured calculations and  

rich-data presentation in over 300 customisable log, fence,  

graph and cross-section reports.

 •    Preconfigured soil parameters & soil behaviour type correlations.

 •    The power to run 1000’s of tests with the control of an  

SQL database.

 •  Liquefaction correlations & much more.

 DGD Tool
 The complete gINT system for geotechnical in situ and  

lab result storage and reporting.

 •    Choose from two editions: Professional or Logs.

 •    Understandable table and field names.

 •    Support for AGS 3.1, AGS 3.1 RTA 1.1, AGS 4 and AGS 4 NZ.

 •    AS, ASTM, BSI and NZGS component description.

 •      >300 log, summary graph, histogram, and table reports for  

lab and field testing.

 •    Program with analysis and productivity tools. 

• Monitoring Tool – piezometer, settlement  

& now with inclinometer.

• Output Tool – batch output gINT reports with ease.

• Photo Tool – link, organise and print investigation-related 

images in gINT reports.

• Fence & Map Tool – user-definable fence & map reports.

• Lab & In Situ Tool – LIMS within gINT supporting ISO,  

BSI and ASTM.

gINT
CONNECT Edition

Hit the ground running with a complete range of supported software packages and 
solutions for world-class geotechnical data management.

Transform your reporting and  
analysis capabilities with gINT and Datgel

14-day Free 
Software Trial 

Trial our geotechnical software now

datgel.com/trial



AUSTRALIAN GEOMECHANICS VOLUME 53: NO.4 DECEMBER 201874

Q-SLOPE: AN EMPIRICAL ROCK SLOPE ENGINEERING APPROACH IN AUSTRALIA                       BAR AND BARTON 
 

maintenance and bench-width needs due to all potential failures. Such are frequently seen when initially ‘constant’ slope 
angles are excavated through different structural domains. A series of troublesome yet interesting local failures is usually 
the result. In many cases, these have been the result of adverse plane failures, wedge failures, or more rarely, local toppling. 

A range of empirical methods for describing and characterizing rock masses have been developed in different countries over 
the last 50 years and are described by Duran & Douglas (2000). 

In underground mining and tunnelling, empirical methods including the Q-system (Barton et al. 1974; Barton & Grimstad, 
2014), rock mass rating (Bieniawski, 1976; Bieniawski, 1989) and mining rock mass rating (Laubscher, 1977; Laubscher & 
Jakubec, 2001) are commonly used to derive appropriate support and reinforcement for specific excavation spans. The Q-
system is also an integral component of open stope design (Potvin et al. 1988; Mawdesley et al. 2003) and forms the basis 
of ground support designs for many if not most underground mines in Australia (Potvin & Hadjigeorgiou, 2015). 

Empirical methods are less frequently used for assessing the stability of rock slopes in favour of kinematics, numerical 
modelling or “no modelling”, where slope angles are decided by equipment operators rather than geotechnical engineers or 
engineering geologists. Slope mass rating (Romana, 1985; Romana, 1995) and global slope performance index (Sullivan, 
2013) are examples of empirical methods for slopes; although neither these, nor any other methods known to the authors, 
were developed specifically to give guidance or advice in relation to appropriate, long-term stable slope angles in which 
reinforcement is purposely absent. Such slopes (reinforcement-free) are by far the most commonly excavated around the 
world, in both civil and mining engineering projects. 

Q-slope utilizes the same six parameters as the Q-system: RQD, Jn, Jr, Ja, Jw and SRF (Barton & Bar, 2015). However, the 
frictional resistance pair Jr and Ja can apply, when needed, to the individual sides of potentially unstable wedges. Simply 
applied orientation factors, like (Jr/Ja)1 x 0.7 for set J1 and (Jr/Ja)2 x 0.9 for set J2, provide estimates of overall whole-wedge 
frictional resistance reduction, if appropriate. The term Jw, which is now termed Jwice (one of two symbol-modifications), 
takes into account an appropriately wider range of environmental conditions appropriate to rock slopes, which obviously 
stand in the open for a very long time. These conditions include the extremes of intense erosive rainfall and ice wedging, as 
may seasonally occur at opposite ends of the rock-type and regional spectrum. There are also slope-relevant SRF categories 
for slope surface conditions, stress-strength conditions and the presence of major discontinuities. The formula for estimating 
Q-slope is: 

 
slopeSRF

wiceJ
x

aJ
rJ

x
nJ

RQD
Qslope

0










=  (1) 

Tables A1 to A7 and Figure A1 have been appended to help describe the parameters in Equation 1. Bar & Barton (2017) 
provide additional guidance and background. As with the Q-system, the rock mass quality in Q-slope can be considered a 
function of three parameters, which are crude measures of: 

1. Block size: (RQD/Jn). 
2. Shear strength: least favourable (Jr /Ja) or average shear strength in the case of wedges (Jr /Ja)1 x (Jr /Ja)2. 
3. External factors and stress: (Jwice /SRFslope). 

 

Shear resistance, τ, is approximated using: 

 









−
aJ
rJ

n
1tan

 (2) 
Barton & Bar (2015) derived a simple relationship for the steepest slope angle (β) not requiring reinforcement or support for 
slope heights less than 30 metres. From the Q-slope data, the following correlations are simple and easy to remember: 

• Q-slope = 10 - slope angle 85°. 
• Q-slope = 1 - slope angle 65°. 
• Q-slope = 0.1 - slope angle 45°. 
• Q-slope = 0.01 - slope angle 25°. 
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This relationship was extended to all slope heights following the collation of supporting data from across Australia, Asia, 
the Americas and in Europe and can be described with the following formula (Bar & Barton, 2017): 

 
+= 65log20 10 slopeQ

 (3) 
 

Equation 3 matches the central data for stable slope angles greater than 35° and less than 85° as shown in Figure 1 and has a 
probability of failure of 1%. Equation 3 does not represent a specific factor of safety as would be obtained by undertaking 
numerical analyses. Rather it represents the boundary of long-term stable slopes based on observed performance, normally 
between six months and over 50 years. Users may, if they wish, additionally apply a factor of safety on the steepest slope 
angle (β) not requiring reinforcement or support. In order to apply Q-slope to larger slope heights, one needs to adequately 
consider the uniformity of the lithological units and rock mass quality across the height of the slope. Q-slope may not be 
applicable if the slope is a combination of poor rock mass quality zones mixed with good quality zones. In these instances, 
and in general for slopes larger than say 50m in height (i.e. which require several stages of excavation), more rigorous 
analysis is both warranted and advised.  

 

 
 

Figure 1:  Q-slope stability chart (Bar & Barton, 2017). 

A visual demonstration of the objective of Q-slope is shown in Figure 2 where improving rock mass quality as a result of 
reduced weathering grades and higher strength materials at depth allow for steeper bench face angles with depth. Barton & 
Bar (2015) and Bar & Barton (2016, 2017) provide several examples of individual case studies with detailed calculation 
steps for determining Q-slope.  
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Figure 2: A convenient example of differently weathered rocks on two cutbacks (separated by a fault zone) and 

improving rock mass quality with depth, help explain the appropriately steepened, unreinforced bench slopes in an 
open cut mine in Western Australia. 

 

Considering only the failed and quasi-stable slopes, both of which are undesirable or unwanted events, Bar & Barton (2017) 
estimated the probability of failure (PoF) using iso-potential lines. If certain degrees of failure were to be accepted, such as 
percentages of individual benches in open cut mines, then the following equations were also derived: 

 PoF=1%:   += 65log20 10 slopeQ  (4) 

 PoF=15%:   
+= 5.67log20 10 slopeQ
 (5) 

 PoF=30%:   
+= 5.70log20 10 slopeQ
 (6) 

 PoF=50%:   
+= 5.73log20 10 slopeQ

 (7) 
 

 

2     AUSTRALIAN Q-SLOPE CASE STUDIES 

The Q-slope method has been applied to a variety of igneous, sedimentary and metamorphic rock masses at the locations 
across Australia shown in Figure 3. It has also been successfully applied to several highly weathered and saprolitic slopes in 
Far North Queensland (Bar et al. 2016) and the Goldfields Region between Perth and Kalgoorlie. 

Figure 4 illustrates the Australian Q-slope dataset for different slope heights and slope angles. It is based on over 250 
individual case studies from: 

• New South Wales (Bathurst, Coffs Harbour, Kempsey, Orange, Sydney and Terrigal regions). 
• Queensland (Airlie Beach, Atherton, Brisbane, Cairns, Cape Tribulation, Cloncurry, Cooktown, Gympie, 

Kuranda, Lakeland, Port Douglas, Malanda, Mareeba, Mount Isa, and Townsville regions). 
• Western Australia (Great Sandy Desert, Kalgoorlie, Newman, Pannawonica, Perth and Tom Price regions). 
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Figure 3: Location of Q-slope case studies in Australia 

 

 

 
Figure 4: Australian Q-slope dataset (case studies) – slope heights (left); slope angles (right). 
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Figure 5 illustrates the available Q-slope data derived from the back-analysis of slopes cut along roads and highways, 
benches and inter-ramp slopes from open cut mines and natural slopes across Australia: 

•   Green triangles indicate stable slopes with no visual signs of instability observed for at least several weeks, 
months or years post-excavation. 

•    Purple squares indicate quasi-stable slopes (more than likely to collapse in the near future with rainfall or 
weathering effects). These have visible signs of slope instability such as tension cracks, dislocation or monitored 
deformation. 

•    Red crosses indicate failed or collapsed slopes that have been back-analysed with an understanding of pre-failure 
geometries and ground conditions. 

Several case studies and rock slope field assessment examples have been presented in previous Q-slope publications (Barton 
& Bar 2015; Bar & Barton 2016; Bar et al. 2016; Bar & Barton 2017) and comprise stable slopes as well as a range of 
simple and complex failure mechanisms, including: 

•   Planar sliding on a single discontinuity. 
•   Planar sliding on a discontinuity with a second discontinuity acting as a release plane (e.g. a sub-vertical joint 

set). 
•   Wedge failures comprising two intersecting discontinuities. 
•   Complex wedge failures comprising two or more intersecting discontinuities (often with at least one acting as a 

release plane). 
•   Toppling failures (localized). 
•   Rotational failure as a result of shearing weak rock masses. 
•   Complex rotational failures including both sliding along discontinuities and shearing through intact rock bridges 

in strong rock masses. 
 

 
Figure 5: Australian Q-slope data – 258 case studies. 
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2.1   EXAMPLE FIELD ASSESSMENT OF ROCK SLOPE USING Q-SLOPE 

A 25m high slope was excavated in the 1990’s in a moderately weathered, closely bedded siltstone and remains stable at an 
angle of 65° (Figure 6). The unconfined compressive strength (σc) ranges from 25 to 50 MPa and bedding, although 
spectacularly folded, strikes very favourably into the slope. The syncline is also host to a sub-vertical fault striking 
favourably into the slope.  

Field-assessed Q-slope parameters and Q-slope calculation steps are shown in Table 1 and Equation 8, respectively. Q-slope 
suggests slope angles up to 72° would be stable (Equation 9).  

Table 1:  Field assessed Q-slope parameters 

RQD Jn Set Jr Ja O-factor Jwice SRFa SRFb SRFc 
40 6 A 2 4 2 1 - 3 1 

B - - - 
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nJ

RQD
Qslope  (8) 

 ( ) =+=+= 726522.2log2065log20 1010 slopeQ  (9) 

 
Figure 6:  Stable, beautifully folded, moderately weathered siltstone slope (height = 25m; slope angle = 65°) from a 

large open pit mine in Western Australia. 

 

3     ROCK SLOPE DESIGN WITH BOREHOLE GEOPHYSICS DATA AND Q-SLOPE 
Barton (2006) derived a general relation between the Q-value and P-wave velocity by normalizing the Q-value with 
Equation 10 where unconfined compressive strength (UCS or σc) is in megapascals (MPa) and Qc is the normalized Q-
value. P-wave velocity (Vp) in kilometres per second (km/s) can be then be estimated using Equation 11. 

 xQQ c
c 100

=  (10) 

 cp QV log5.3 +  (11) 
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Rearranging Equation 9 to estimate the normalized Q-value, results in Equation 12. 

 ( )5.310 − pV
cQ  (12) 

The Q-value, and therefore, the normalized Q-value (Qc) does not consider the orientation of geological structures relative 
to the proposed rock slope design and the environmental conditions in which the slope will be constructed. That is, the 
discontinuity orientation factor (O-factor) and environmental and geological conditions number (Jwice) have not yet been 
considered. SRFslope in most cases should be equal to one as stress reduction factors were already considered in the Q-value 
relationship with Vp. Equation 13 approximates Q-slope by relating it to the normalized Q-value: 

 ( )
slope

wice
cslope SRF

JxQQ 0  (13) 

 

3.1   EXAMPLE BENCH FACE ANGLE DESIGN FROM BOREHOLE GEOPHYSICS 

P-wave (Vp) and S-wave (Vs) velocities and several other geophysical attributes can be derived from full waveform acoustic 
logging of boreholes (Cheng & Toksoz, 1981). Similarly, acoustic (ATV) and optical (OTV) televiewer can be used to 
identify and measure the orientation of geological structures from vertical or inclined boreholes (Thomas et al. 2015). 
Figure 7 presents samples from a case study from an open cut mine in Western Australia associated with below the water 
table siltstones and sandstones where borehole geophysics was practicable.  

Differences in Vp are observed between the different weathering grades of siltstone and the sandstone and Vp increases with 
depth (range 100-250 metres below natural surface). Based on the Vp data, a decreasing degree of fracturing with depth is 
expected (and was verified through drill core logging). From Figure 7 only (a typical sample of data), differences between 
the materials are evident with Vp values listed in order from closest to the surface to deepest: 

• MW Siltstone - Vp ≈ 3.40 km/s. 
• SW Siltstone - Vp ≈ 3.80 km/s 
• SW Sandstone - Vp ≈ 4.25 km/s. 

 
S-wave velocity (Vs) appears to display a distinct difference between siltstone and sandstone, irrespective of the degree of 
weathering. Poisson’s Ratio (ν) generally appears to be similar in both siltstone and sandstone. It should be noted that only 
very limited geophysics data was available from the moderately weathered siltstone due to its close proximity to the top of 
the groundwater table. As a result, in the stereographic projections obtained from ATV (acoustic televiewer) only, 
moderately and slightly weathered siltstone ground types are combined. As illustrated in Figure 7, the orientation of 
pervasive geological structures varies between the siltstone and the sandstone. These are interpreted against the proposed 
bench scale (12-24m high) slope angle and orientation to derive the O-factor(s) and Jwice. 

Table 2 presents data obtained from borehole geophysics data for the estimation of Q-slope and β using Equations 1 and 3, 
respectively. Bench face slope angles (β) derived from geophysics and Q-slope increased with higher P-wave velocity and 
intact rock strength in the different ground types. The orientation of geological structure also contributed, particularly in the 
stronger material.  

Table 2:  Q-slope estimation from borehole geophysics data 

Ground Type Vp (km/s) σc (MPa)* Approximate 
Q 

O-factor Jwice Approximate 
Q-slope^ 

β (°) 
(PoF=1%) Set A Set B 

MW Siltstone 3.40 35 0.60 1 1 1 0.60 61 
SW Siltstone 3.80 50 1.50 1 1 1 1.50 69 
SW Sandstone 4.25 75 4.22 0.75 N/A 1 3.16 75 

* σc was derived from laboratory testing and not geophysics. 
^ SRFslope was equal to one in this instance and not included in the table. 
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Figure 7:  Samples of borehole geophysics data. Left: Full waveform acoustic downhole Vp (P-Wave velocity) Vs (S-

Wave velocity & PR (Poisson’s Ratio) logs in moderately & slightly weathered siltstone and slightly weathered 
sandstone. Right: Stereographic projections for geological structures obtained from acoustic televiewer. 

 

4    DISCUSSION 
The initial development of the Q-slope method was stimulated by the need to suggest ‘width of forest clearing’ for a future 
motorway with numerous planned cuttings and embankments in hilly terrain in Panama. The only information available was 
about 1 km of shallow drill-core, and numerous seismic refraction profiles with P-wave velocities (usually with three depth 
intervals). There were old road cuttings in the neighbourhood, and the condition of these old slopes (somewhat variable) 
was of course an advantage in formulating a potential Q-slope versus slope-angle. The general principal for estimating 
forest-clearing width, which would also apply to a ‘green field’ opencast development was that the slopes would get 
successively steeper when progressing from saprolite, through weathered rock, to sound rock in the approx. 20-50m high 
cuttings. As we have seen in Table 2, velocities follow suit as Q and Q-slope values are (generally) increasing with depth. It 
is interesting in this connection, to compare Q-histograms as depth is increased in the same lithology. Nearly all the Q-
parameters are seen to ‘move to the right’ – in a more convincing (and ‘scientific’) way than simply moving a ‘cross-
hatched circle’ in a GSI diagram. Figure 8 shows an example from Panama motorway logging (Barton, 2011). 
 
Q-slope can be applied to rock slope engineering problems irrespective of rock strength, degree of fracturing, degree of 
weathering, etc. It also remains unchanged whether it is being used as a predictive or retrospective analysis tool. However, 
Q-slope cannot be applied to soil masses, rock fill, or landslide debris. 

Our experiences have continuously shown that Q-slope enables geotechnical engineers and engineering geologists to rapidly 
and effectively assess the stability of rock slopes in the field, both during, and after excavation. Q-slope has been applied in 
both mining and civil engineering projects where it has been beneficial in: 

• Reducing problematic and costly (both in financial and time losses) bench failures during construction. 
• Reducing ongoing maintenance requirements as potentially problematic areas are identified and dealt with early. 
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• Identifying opportunities for steepening slope angles, reducing overburden excavation costs, and yielding 
additional revenue in the form of ore recovery in mining. 

 

     
Figure 8:  One method of collecting Q-value statistics when core-logging is the Q-histogram method. This was used 

when first applying Q-slope at a motorway project in Panama. Note the shift-to-the-right of most Q-parameters 
when progressing down a bore-hole from core-box to core-box in saprolite, weathered sandstone, sounder sandstone. 

 

It is not the intention to promote Q-slope as a substitute for more rigorous analyses of slope stability. Where such is 
warranted, and where time permits, more rigorous analyses would always be preferred. For example, when dealing with 
larger slopes (heights in excess of 50m, or when several stages of excavation are required), the increased excavation time 
should permit more rigorous analyses to be made. However, engineers may sometimes need to respond at slope-
construction rates of many tens of metres per day, stretching to hundreds of meters in the case of some large open cut mines 
or multiple-pit operations. In such cases, some quantifiable estimates, with significant a posteriori case record supporting 
evidence, may prove valuable because Q-slope is applicable at low cost and is rather fast.  

Bar & Barton (2017) provide further insight and background to the Q-slope method for rock slope engineering. 
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APPENDIX – Q-SLOPE INPUT PARAMETERS 

Table A1:  Rock quality designation (RQD) 

Rock quality designation description RQD (%)* 
A Very poor. 0-25 
B Poor. 25-50 
C Fair. 50-75 
D Good. 75-90 
E Excellent. 90-100 

* Where RQD is reported or measured as ≤ 10 (including 
zero), a nominal value of 10 is used to evaluate Q-slope. 
RQD intervals of 5, i.e., 100, 95, 90, etc., are sufficiently 
accurate. 
 

Table A2:  Joint set number (Jn) 

Joint set number description Jn 
A Massive, no or few joints. 0.5-1 
B One joint set. 2 
C One joint set plus random joints. 3 
D Two joint sets. 4 
E Two joint sets plus random joints. 6 
F Three joint sets. 9 
G Three joint sets plus random joints. 12 
H Four or more joint sets, random, 

heavily jointed. 
15 

J Crushed rock, earth like. 20 
 

Table A4:  Discontinuity orientation factor  
(O-factor) 

O-factor Description Set A Set B 
Very favourably oriented. 2.0 1.5 
Quite favourable. 1.0 1.0 
Unfavourable. 0.75 0.9 
Very unfavourable. 0.50 0.8 
Causing failure if unsupported. 0.25 0.5 

Table  A3: Joint roughness number (Jr) 

Joint roughness number description Jr 
a) Rock-wall contact, b) contact after shearing 
A Discontinuous joints. 4 
B Rough or irregular, undulating. 3 
C Smooth, undulating. 2 
D Slickensided, undulating. 1.5 
E Rough or irregular, planar. 1.5 
F Smooth, planar. 1.0 
G Slickensided, planar. 0.5 
c) No rock-wall contact when sheared 
H Zone containing clay minerals thick 

enough to prevent rock-wall contact. 
1.0 

J Sandy, gravely or crushed zone 
thick enough to prevent rock-wall 
contact. 

1.0 

i) Descriptions refer to small-scale features and 
intermediate scale features, in that order. 
ii) Add 1.0 if mean spacing of the relevant joint set is 
greater than 3m. 
iii) Jr = 0.5 can be used for planar, slickensided joints 
having lineations, provided the lineations are oriented 
for minimum strength. 
iv) Jr and Ja classifications are applied to the 
discontinuity set or sets that are least favourable for 
stability both from the point of view of orientation and 
shear resistance τ, where τ ≈ σn tan-1 (Jr/Ja). 
 
 
 
 
 
 
 

 

TableA5:  Environmental and geological conditions number (Jwice) 

Jwice* Desert 
Environment 

Wet Environment Tropical Storms Ice Wedging 

Stable structure; competent rock. 1.0 0.7 0.5 0.9 
Stable structure; incompetent rock. 0.7 0.6 0.3 0.5 
Unstable structure; competent rock. 0.8 0.5 0.1 0.3 
Unstable structure; incompetent rock. 0.5 0.3 0.05 0.2 

*Note: When drainage measures are installed, apply Jwice x1.5. 
When slope reinforcement measures are installed, apply Jwice x1.3. 
When drainage and reinforcement are installed, apply both factors Jwice x1.5 x 1.3. 
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Very favourably to favourably oriented joints forming columns 

and near-cubical blocks: Orange region, NSW. 

 
Favourably oriented, (inconspicuous) relic foliations striking 
into slope of weak saprolite of phyllite: Cairns region, QLD. 

 
Unfavourable foliation in phyllite, but if steep and striking 
along bench slope: quite favourable: Kalgoorlie region WA. 

 
Very unfavourable bedding planes in siltstone. Vertical joints 

& joints dipping into slope favourable. Mount Isa region QLD. 

 
Very unfavourable bedding planes causing failure in shale. 
Joints dipping into slope favourable. Newman region WA. 

 
Extremely unfavourable quartzite bedding day-lighting and 
causing failure when unsupported. Great Sandy Desert WA. 

Figure A1: Australian examples of discontinuity orientation factor application. 
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Table A6:  Joint alteration number (Ja) 

Joint alteration number description Φr approx. (degrees) Ja 
a) Rock-wall contact (no clay fillings, only coatings) 
A Tightly healed, hard non-softening, impermeable filling, i.e. 

quartz or epidote. 
- 0.75 

B Unaltered joint walls, surface staining only. 25-35 1.0 
C Slightly altered joint walls. Non-softening mineral coatings, 

sandy particles, clay-free disintegrated rock, etc. 
25-30 2.0 

D Silty- or sandy-clay coatings, small clay disintegrated rock, etc. 20-25 3.0 
E Softening or low friction clay mineral coatings, i.e. kaolinite or 

mica. Also chlorite, talc, gypsum, graphite, etc., and small 
quantities of swelling clays. 

8-16 4.0 

b) Rock-wall contact after some shearing (thin clay fillings, probable thickness ≈ 1-5mm) 
F Sandy particles, clay-free disintegrated rock, etc. 25-30 4.0 
G Strongly over-consolidated non-softening clay mineral fillings. 16-24 6.0 
H Medium or low over-consolidation, softening, clay mineral 

fillings. 
12-16 8.0 

J Swelling-clay fillings, i.e. montmorillonite. Value of Ja 
depends on per cent of swelling clay-size particles, and access 
to water. 

6-12 8-12 

c) No rock-wall contact when sheared (thick clay/crushed rock fillings) 
M Zones or bands of disintegrated or crushed rock and clay (see 

G, H, J for description of clay condition).  
6-24 6, 8, or 8-12 

N Zones or bands of silty- or sandy-clay, small clay fraction (non-
softening). 

- 5.0 

OPR  Thick, continuous zones or bands of clay (see G, H, J for 
description of clay condition).  

6-24 10, 13, or 13-20 

 

Table A7:  Strength reduction factors (maximum of SRFa, SRFb & SRFc becomes SRFslope) 

Strength reduction factor A: physical condition description SRFa 
A Slight loosening due to surface location, disturbance from blasting or excavation. 2.5 
B Loose blocks, signs of tension cracks & joint shearing, susceptibility to weathering, 

severe disturbance from blasting. 
5 

C As B, but strong susceptibility to weathering. 10 
D Slope is in advanced stage of erosion and loosening due to periodic erosion by water 

and/or ice-wedging effects. 
15 

E Residual slope with significant transport of material down-slope. 20 
Strength reduction factor B: stress and strength description σc / σ1* SRFb 
F Moderate stress-strength range. 50-200 2.5-1 
G High stress-strength range. 10-50 5-2.5 
H Localized intact rock failure. 5-10 10-5 
J Crushing or plastic yield. 2.5-5 15-10 
K Plastic flow of strain softened material. 1-2.5 20-15 
Strength reduction factor C: major 
discontinuity description 

Favourable Unfavourable Very 
unfavourable 

Causing failure 
if unsupported 

L Major discontinuity with little or no clay. 1 2 4 8   
M Major discontinuity with RQD100 = 0^ 

due to clay and crushed rock. 
2 4 8 16 

N Major discontinuity with RQD300 = 0^ 
due to clay and crushed rock. 

4 8 12 24 

* σc = unconfined compressive strength of intact rock (UCS); σ1= maximum principal stress. 
^ RQD100 = 1 metre perpendicular sample of discontinuity; RQD300 = 3 metres perpendicular sample of discontinuity. 

WATER | ENERGY & RESOURCES | ENVIRONMENT | PROPERTY & BUILDINGS | TRANSPORTATION

WWWW

GHD is a diverse global team of engineers 
and geologists with unsurpassed 
technical knowledge and hands-on 
experience. 

We believe investing in our people 
together with developing digital 
technologies like 3D modelling and VR is 
essential for the future.

Proudly employee owned, GHD turned 
90 this year, a milestone achieved 
through our ability to deliver value to 
clients through imaginative thinking and 
knowledge-sharing.

Sam Mackenzie
Geotechnical Leader
E Sam.Mackenzie@ghd.com

Andrew Barclay
Geology Leader
E Andrew.Barclay@ghd.com

Come and be a part of our 
innovative team.
Visit www.ghd.com/careers 
or contact:

What will 
your future 
career look 

like?

FL VERSION AGS full page advert DEC2018v1.indd   2 12/11/2018   6:32:00 PM


	41234_AGS cover
	41234_AGS front
	41234_AGS tech papers
	41234_AGS back

