
108.01

工程地質
Engineering Geology

授課教師：邱雅筑

2019/12/16

第十五週
工程地質之計量化



岩體分類法

2

• Rock mass classifications岩體分類法：
Obtaining geomechanical parameters to use 
when designing engineering projects.

• The most frequently used geomechanical
classifications nowadays are the RMR and the 
Q classifications.



岩體評分法 Rock Mass Rating (RMR)
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• Developed by Z. T. Bieniawski in 1973 at the South 
African Council of Scientific and Industrial Research 
(CSIR), and updated in 1979 and 1989. Also called the 
Geomechanics Classification (地質力學評分法).

• 評分項目包含：

1. Uniaxial compressive strength (UCS) of intact 
rock material

2. Rock quality designation (RQD)
3. Joint or discontinuity spacing
4. Joint condition
5. Groundwater condition
6. Joint orientation



1.Uniaxial compressive strength (UCS) of intact rock
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• 岩石材料的單軸壓縮強度

• 分7級，1, 5, 25, 50, 100, 250 MPa
(強度越強，分數越高)



2. Rock quality designation (RQD)
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• 大於10 cm的部分之長度總和占
岩心全長比例。

• 分5級，25, 50, 75, 90
(RQD越大，分數越高)



RQD之應用
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• 波速

• Deformation modulus of the rock mass
• Zhang and Einstein (2004)

(關聯完整岩石與岩體力學特性)



RQD之應用
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• Volumetric Joint Count (Jv): the number of joints 
within a unit volume of rock mass

• clay-free rock masses, long or flat blocks (Palmstrom, 1982)

• for blocks of a cubical (bar) shape (Palmstrom, 2005).

數字越大，代表岩體越破碎



Weighted joint density (Palmstrom, 1996)
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• Based on the measurement of the angle between each joint and 
the surface or the drill hole.

• Weighted joint density (wJd)

加權節理密度

(只有J大寫)

To solve the problem of small 
intersection angles and to simplify the 
observations, the angles have been 
divided into intervals
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• Intervals for which a rating of f i has been selected

(交角越小，加權越重)



Surface Measurement of wJd
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• the weighted joint 
density
measurement 
produces values 
that are somewhat 
higher than the 
known value for the
volumetric joint 
count (Palmstrom, 
1996)



Drill Hole Measurements of wJd
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• By Palmstrom(1996)
• The 5 m long part of 

the core has been 
divided into the 
following three
sections with similar 
density of joints.

(分段)全長求這些做什麼？

更好地量化岩
體破碎程度



3. Joint or discontinuity spacing
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• The linear distance between two adjacent discontinuities should 
be measured for all sets of discontinuities. 每組間距都要量。

• 分5級，0.06, 0.2, 0.6, 2 m
(間距越大，分數越高)



4. Joint condition
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• Includes roughness of discontinuity surfaces, their separation, 
length of continuity, weathering of the wall rock or the planes of 
weakness, and infilling (gouge) material



4. Joint condition
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• roughness of 
discontinuity 
surfaces, 
separation, 
length of 
continuity, 
weathering of 
the wall rock or 
the planes of 
weakness, and 
infilling (gouge) 
material各項的評
分標準。

(節理越粗糙、新鮮、緊密 分數越高)



5. Groundwater condition
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• Completely dry, damp, wet, dripping, or flowing
• If actual water pressure data are available, these 

should be stated and expressed in terms of the ratio 
of the seepage water pressure to the major principal 
stress.

(節理內水的影響越小，分數越高)



6. Joint orientation
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• The influence of the strike and dip of discontinuities is 
considered with respect to the direction of tunnel drivage, slope 
face orientation, or foundation alignment.

• 分5級。

(節理位態對預定工程的影響)



6. Joint orientation
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RMR Class 1, 2
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白堊紀石灰岩



RMR Class 3
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奧陶紀石灰岩



RMR Class 4, 5
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岩體評分法 Rock Mass Rating (總表)
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RMR法的應用
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• Average Stand-up Time for an Arched Roof
• The stand-up time depends upon an effective (unsupported) 

span of the opening, which is defined as the width of the 
opening or the distance between the tunnel face and the 
last support (whichever is smaller)

隧道的平均自立時間(不加支撐可以持續的時間)



RMR法的應用
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• Cohesion 
and Angle 
of Internal 
Friction

岩體凝聚力與摩擦角



RMR法的應用
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• Modulus of Deformation of rock mass.
• MRF, which is defined as a ratio of the modulus of deformation 

of a rock mass to the elastic modulus of the rock material
obtained from the core.

• Singh (1979)

• Bieniawski (1978) for hard 
rock masses (qc > 100 
MPa).

• Serafim and Pereira (1983)

岩體變形模數



RMR法的應用
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岩體變形模數



RMR法的應用
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• The modulus of deformation of a dry and weak rock mass (qc < 
100 MPa) around underground openings located at depths 
exceeding 50 m is dependent upon confining pressure due to 
overburden and may be determined by the following correlation
(Verman, 1993)

• Read, Richards, and Perrin (1999)

岩體變形模數
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岩體變形模數


