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Barton and Bar, 2015. Q-slope.

Simple cases, 

dangerous

cases, 

convenient

cases. Billions 

of rock slopes!
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SKILL, TRUST, 

RECKLESS?

(NON-LINEAR 
SHEAR 
STRENGTH?)
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IN ADDITION TO SHEAR STRENGTH NEEDS, ROCK SLOPE 
STABILITY may be a coupled problem: joint shear-deformation can
improve drainage due to dilation……..but only temporarily, until clogged
with run-off fines in future storms. (Sheared, dilated tension fractures: Barton, 1971)

Barton and Bar, 2015. Q-slope
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➢For dam-site, tunnel-site, bridge-site…….. access roads

➢For a new road, for a widened road, each in hilly terrain

➢For a new motorway, in hilly terrain (no tunnels)

➢For a new open-pit (applying to bench faces only)

➢Where there is not the culture or need for 10,000 anchors

Barton and Bar, 2015. Q-slope.

So how can we choose optimal rock slope angle(s)?
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Barton and Bar, 2015. Q-slope.

Project #1

How to cut

slopes for a 

20 km long

dam-access

road – up this

steep valley?
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But the client actually wanted to 
minimise rock-slope
reinforcement, and avoid tunnels. 

My suggested reinforcement
principles …………

were not wanted!

Barton and Bar, 2015. Q-slope

Sketches made at dam site

after 6 hours on a ‘mula’
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Need very basic decisions!    45° to 90°…..or < 45°
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Barton and Bar, 2015. Q-slope.

Obviously we

select ‘common

sense’ solutions

in relation to 

dominant joint 

orientations.

(at least 5 x ‘S’)
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The project during which Q-slope was

tested and adjusted, with the help of

seismic refraction and core logging, is 

briefly shown in the next few screens.



11

Barton and Bar, 2015. Q-slope.

PROJECT # 2

HOW WIDE TO CLEAR THE 

FOREST, WITH SPACE FOR  

DIFFERENTLY INCLINED 

MOTORWAY SLOPES?

(i.e. saprolite, weathered

rock, fresh rock)…..25°, 45°, 

85°…each with no support, 

but catch benches, and low

maintenance)
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Core-logging and seismic refraction……..Q-VP ……..slope angle estimates

Barton and Bar, 2015. Q-slope
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Barton and Bar, 2015. Q-slope

When seismic

results are

available: use

link to Q-value
(Barton, 1995, 2006-book)
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Q-histogram method – originally
developed for rapid (NB in moving
car) logging of 10’s of kilometers 
of rock slopes near a long head-
race tunnel in Turkey.



On the next
screen: 

saprolite, 
weathered
rock, fresh

rock
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So what is Q-slope?
(it is a simple synthesis of experience: a model

with an empirical data base)
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Barton and Bar, 2015. Q-slope

Q slope = 

RQD/Jn are unchanged

(Jr/Jn)o are unchanged, BUT have an orientation, 

and ‘wedge’ adjustment

Jw (now Jwice ) has a new structure for slopes, 

including ice-effects and tropical rainfall-effects

SRFslope has new categories tailored for slopes



Jr/Ja is 

like a 

‘friction 

coefficient’

(the same 

as before, 

since 

1974)
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Jr/Ja is for both sides of wedges

(if applicable)

Orientation factors for set 1, set 2

Barton and Bar, 2015. Q-slope

The meaning of (Jr/Ja)o
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Barton and Bar, 2015. Q-slope.

A slope designed

with Q-slope, in 

Panama, viewed

after several

years (and after

several cyclones)
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Saprolite over tuff over sandstone

Barton and Bar, 2015. Q-slope

Top: original uniform-slope-

angle design in 2006

Middle: actual multiple-angle

(based on core-logging 

Q and Vp)

Bottom: Early (2007) Q-slope

parameter registration
(a method in development)
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Barton and Bar, 2015. Q-slope

Shallower-angle 

slopes seen in 

the overlying

weathered-

saprolitic

materials

…………………..

and finally the

edge of the

forest.
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Barton and Bar, 2015. Q-slope

ALLOW FOR SUSCEPTIBILITY TO WEATHERING !!
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Familiar
unchanged
Q-parameter 
ratings –

so far.

.
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Familiar

unchanged

Q-parameter 

ratings –

so far.
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Orientation

weightings for 

Jr/Ja (includes

wedges)

More 

sophisticated

Jw (now Jwice)

since slopes

are outside

forever.
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Familiar ratings, 

but new

slope-related

categories
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▪Now over 100 case studies for Qslope

▪ Slope heights 5m to 30m
▪ Panama, Dominican Republic, Australia, Papua New Guinea & Laos

▪ Rock types include:
▪ Igneous – basalt, diorite, dolerite, monzonite, monzodiorite, monzonite porphyry, agglomerate
▪ Sedimentary – sandstone, siltstone, limestone, mudstone, conglomerate, banded iron formation
▪ Metamorphic – shale, schist, skarns, phyllite

▪ Saprolites of some rock types have also been recorded.

Barton and Bar, 2015. Q-slope
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▪Over 100 case 
studies:

▪X-axis is log 
scale

Barton and Bar, 2015. Q-slope

Q-slope Data for Slope Heights smaller than 30m
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▪ Line of best fit
for stable slopes

Barton and Bar, 2015. Q-slope

Q-slope Data for Slope Heights smaller than 30m

𝜷 = 𝟐𝟎𝒍𝒐𝒈𝟏𝟎 𝑸𝒔𝒍𝒐𝒑𝒆 + 𝟔𝟓

Q-slope
β (slope 

angle °)

0.01 25

0.1 45

1 65

10 85
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Slope stability
zones:

Unstable (red)

Uncertain (grey)

Stable (green)

Barton and Bar, 2015. Q-slope

Q-slope Data for Slope Heights smaller than 30m
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Barton and Bar, 2015. Q-slope

Q-slope Data for Slope Heights smaller than 30m

Slope stability
zones:

Unstable (red)

Uncertain (grey)

Stable (green)
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▪Pre-failure bench angle = 75°

▪ Failure plane angle ≈ 60°

▪Wet environment 

▪RQD 75-90%

▪Competent rock, UCS~90MPa

▪Generally stable structure (i.e.
failure is localised due to slope
orientation change)

▪ 2 joint sets and random joints

Barton and Bar, 2015. Q-slope

Case Study 1: Plane failure

20m
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Barton and Bar, 2015. Q-slope

Case Study 1: Plane failure

RQD 

(%)
Jn

Jr Ja 0-factor
Jwice SRFa SRFb SRFc

SET A SET B SET A SET B SET A SET B

75-90 6 1.5 2 0.25 0.7 2.5 1

=
𝑅𝑄𝐷

𝐽𝑛
𝑥

𝐽𝑟
𝐽𝑎 0

𝑥
𝐽𝑤𝑖𝑐𝑒

𝑆𝑅𝐹𝑠𝑙𝑜𝑝𝑒

=
82.5

6
𝑥

1.5

2
𝑥0.25 𝑥

0.7

2.5

= 𝟎. 𝟕𝟐𝟐

𝑸𝒔𝒍𝒐𝒑𝒆 = 20𝑙𝑜𝑔10𝑄𝑠𝑙𝑜𝑝𝑒 + 65

= 20𝑙𝑜𝑔10(0.722) + 65

= 𝟔𝟐°

𝜷

𝑠𝑡𝑒𝑒𝑝𝑒𝑠𝑡 𝑠𝑙𝑜𝑝𝑒 𝑎𝑛𝑔𝑙𝑒

Pre-failure slope angle was 75°
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▪ Wedges ‘B’ & ‘C’ failed separately within
days of each excavation. 
Location ‘A’ stable.

▪ Excavated bench angle = 65°

▪ Bench height = 15m (individual slope height)

▪ Wet environment in Papua New Guinea

▪ RQD 70-90%

▪ Competent rock, UCS~70MPa

▪ Unstable structure (wedge forming)

▪ Typically 3 joint sets

▪ Localised shear involved in the failure

▪ Horizontal weep holes (‘A’ & ‘B’)

Barton and Bar, 2015. Q-slope

Case Study 2: Wedge failures

15m

B

C

15m

A 15m
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Barton and Bar, 2015. Q-slope

Case Study 2: Wedge failures (Location B)

RQD 

(%)
Jn

Jr Ja 0-factor
Jwice SRFa SRFb SRFc

SET A SET B SET A SET B SET A SET B

70-90 12 1 1.5 2 3 0.25 0.9 0.6x1.5 2.5 1.5 1

=
𝑅𝑄𝐷

𝐽𝑛
𝑥

𝐽𝑟
𝐽𝑎 0

𝑥
𝐽𝑤𝑖𝑐𝑒

𝑆𝑅𝐹𝑠𝑙𝑜𝑝𝑒

=
80

12
𝑥

1

2
𝑥0.25𝑥

1.5

3
𝑥0.9 𝑥

(0.6𝑥1.5)

2.5

= 𝟎. 𝟏𝟑𝟓

𝑸𝒔𝒍𝒐𝒑𝒆 = 20𝑙𝑜𝑔10𝑄𝑠𝑙𝑜𝑝𝑒 + 65

= 20𝑙𝑜𝑔10(0.135) + 65

= 𝟒𝟖°

𝜷

𝑠𝑡𝑒𝑒𝑝𝑒𝑠𝑡 𝑠𝑙𝑜𝑝𝑒 𝑎𝑛𝑔𝑙𝑒

Pre-failure slope angle was 65°Set A Set B

Drainage 
measures
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▪ Thinly bedded, folding 
siltstone dipping into 
excavation (dip: 35°-70°)

▪ Bedding dip becomes 
more favourable lower 
in the slope & RQD 
slightly improves

▪ Bench face angles 
adjusted accordingly. 
Stable bench designs 
achieved.

Barton and Bar, 2015. Q-slope

Case Study 3: Q-slope mining application
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1

2

3

▪ RQD improves with 
depth

▪ Orientation factor 
improves with depth 
(bedding)

Barton and Bar, 2015. Q-slope

Case Study 3: Q-slope mining application

Local
RQD 

(%)
Jn Jr Ja 0-factor Jwice SRFa SRFb SRFc Q-slope

β (slope 

angle °)

1 10-25 6 1 4 0.5 0.5 2.5 1 N/A 0.0729 42

2 10-25 6 1 3 0.75 0.5 2.5 2 N/A 0.1458 48

3 25-50 9 2 3 0.75 0.5 2.5 2 N/A 0.4166 57
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