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兩向量交角

旋轉到兩個法線向
量落在同一個大圓
上(共平面)，直接
讀兩法線向量夾角

大圓：
某個南北走向的面與球相交之線投影到水平面

小圓：
與某方向夾某一角度“甜筒”投影到水平面
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HW2
Ch 3, problems 3 , 4, and 5
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Resolve Ch 3 problem 6 using 
stereographic projection
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不連續面與隧道壁面之相交軌跡

Apparent dip and True dip

δ Angle between dip direction of 
discontinuity and outcrop surface

HW3
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HW4
The results of scanline survey (in the previous page) are shown in the 
table. P lease plot the poles of 15 discontinuities and estimate the 
number of sets of joints and the averaged orientations.

Intersention
distance(m)

Dip Direction
(Degrees)

Dip Angle
(Degrees)

Semi-trace
length(m) above
or left of scan line

Semi-trace
length(m) below or 
right of scan line

Termination
I=1,
A=2 ,O=3

0 247 50 0.09 0.01 2 2
0.55 190 85 0 0.05 2 2
0.83 204 85 0.03 0.06 2 2
1.00 230 85 0.02 0.02 2 2
1.50 348 90 0.03 0.08 2 2
1.77 306 50 0.09 0.01 2 2
2.54 318 75 0.04 0.19 2 2
2.72 240 60 0.13 0.01 2 2
3.07 240 65 0.06 0.01 2 2
3.33 226 45 1.96 1.63 2 2
3.65 240 45 0.01 0.1 2 2
3.74 250 60 0.12 0.03 2 2
4.99 350 70 0.1 0.01 2 2
5.87 290 50 0.04 0.04 2 2
6.57 16 65 0.03 0.04 2 2

Detail of scanline:
Trend 60  
Plunge 15  
Length 6.69    

Details of rock face:
Dip direction 286  
Dip angle 38   
Non-overhanging
Height m
Width m

Rock type 
薄層砂岩夾薄葉層頁岩
Condition of exposure:
中度風化
內寬 tight
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不連續面平均方位計算:等密度投影

兩組節理的平均方位: 165°/55°，320°/20°

設計分析用位態 ?
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2  Rock mass structure

Topic 1   Discontinuities of rock mass 
Topic 2   Hemispherical projection
Topic 3   Rock mass classification
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The design approaches for rock engineering

Classification: classification systems are empirical     
relations that relate rock mass properties either directly  
or via a rating system to an engineering application.

Numerical: difficult and often cumbersome, however, 
possible with discontinuous numerical rock mechanics 
programs such as UDEC.

Analytical: only in relatively simple cases possible 
for a discontinuous rock mass.
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Discontinuities in rock  mass, each with its own variable properties and geometry.

How to evaluate the properties of every discontinuities ?

How to evaluate the properties of rock mass ? 
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4. Relate the experience of rock conditions at one site to the conditions and 
experience encountered at others.

5. Derive quantitative data and guidelines for engineering design.

6. Provide a common basis for communication between engineers and geologists.

The objectives of rock mass classification

1. Identify the most significant parameters influencing the behavior of rock mass.

2. Divide a particular rock mass formation into groups of varying quality. 

3. Provide a basis for understanding the characteristics of each rock mass class.
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Rock mass parameters

Joint
orientation

Wall 
strength

Joint 
spacing

Roughness

Filling

Intact rock 
strength

Seepage
RQD
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Z. T. Bieniawski
Parameter Rating

Strength of Intact Rock 0~15

RQD 3~20
Spacing of discontinuities 5~20

Condition of

Discontinuities 

Persistence 0~6

0~30

Aperture 0~6

Roughness 0~6

Infilling 0~6

Weathering 0~6

Groundwater 0~15

Rock Mass Rating (RMR) system: applied in 
tunnels, foundations and slopes design. 
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RMR System

(After Beiniawski 1989)
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RMR System

(After Beiniawski 1989)
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RMR System

(After Beiniawski 1989)

Slope mass rating (SMR) system (M. Romana)
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RMR System

(After Beiniawski 1989)
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Guidelines for excavation and support of 10m
span rock tunnels in accordance with the RMR system

(After Beiniawski 1989) 3.7.3自行參閱課本
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Q system
• Based on case histories in Scandinavia
• Numerical values on a log scale
• Range 0.001 to 1000

(After Barton et al. 1974)

• represents the structure of the rockmass
• crude measure of block or particle size

• represents roughness and frictional 
characteristics of joint walls or infill material

• consists of two stress parameters
• SRF can be regarded as a total stress parameter
measure of 

– loosening load as excavated through shear zones
– rock stress in competent rock
– squeezing loads in plastic incompetent rock

• JW is a measure of water pressure
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