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邊坡的破壞模式
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• Varnes(1978)

Gonzalez de Vallejo (2011)
(2011) Varnes(1978)



邊坡的破壞模式
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• Cruden and Varnes (1996): 

IAEG UNESCO Working Party 

•

FIGURE 3-19 

Types of landslides: (a) 

fall, (b) topple, (c) slide, 

(  spread, (e) flow. roken 

lines indicate original 

ground surfaces; arrows 

show ortions of 

trajectories of individual 

particles of displaced 

mass [modified from 

Varnes 1978, Figure 2.1 

(Zaruba and Mend 

1969)]. 

Cruden and Varnes (1996)

(2011) Varnes(1978)



邊坡的破壞模式 Hungr et al.(2014)
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• The Varnes classification of landslide types, an update

邊坡變形



墜落Fall
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• Rock/ice fall: Detachment, fall, 

rolling, and bouncing of or 

. 

Hungr et al.(2014)

(2011)



墜落(落石) Fall
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• Rock/ice fall: Detachment, fall, 

rolling, and bouncing of or 

. 

Hungr et al.(2014)

https://www.facebook.com/ud

nplus/videos/281680402881

433/

https://www.facebook.com/udnplus/videos/281680402881433/




傾覆Topple
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• Rock block topple: Forward rotation and 

overturning of or 

(one or many), separated by steeply 

dipping joints. 

Hungr et al.(2014)

https://hiking.biji.co/index.php?q=news&act=info&id=7538

合歡山



滑動Slide
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• Rock rotational slide (“rock slump”): Sliding of 

on a cylindrical or other 

rotational rupture surface which is not 

structurally controlled. 

Hungr et al.(2014)





側滑Spread
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• Rock slope spread: Near-horizontal stretching (elongation) of

as a result of intensive deformation of an 

underlying weak material, or by multiple retrogressive sliding controlled by 

a weak basal surface.

Hungr et al.(2014)



側滑Spread
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Hungr et al.(2014)



流動Flow
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• Rock/ice avalanche: Extremely 

rapid, massive, flow-like motion of 

from a large rock 

slide or rock fall.

Hungr et al.(2014)

Mudslide sweeps through Swiss village

https://edition.cnn.com/videos/world/2018/08/09/swiss-mudslide-jba-lon-orig.cnn


邊坡變形Slope deformation
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• Mountain slope deformation: Large-scale 

gravitational deformation of 

, manifested by scarps,

benches, cracks, trenches and bulges, but 

lacking a fully defined rupture surface. 

• Extremely slow or unmeasurable

movement rates.

Hungr et al.(2014)





台灣所用的山崩分類
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Varnes(1978)

(2011)

(2008)

(2011)



你說的山崩地滑土石流跟我說的一樣嗎?
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• https://scitechvista.nat.gov.tw/c/sZ1R.htm

• 2016/09/01

(2011)

(2008)

(2011)

https://scitechvista.nat.gov.tw/c/sZ1R.htm


四種典型的岩石邊坡破壞型態

19 Gonzalez de Vallejo (2011)
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回顧：
Equal-angle projection

等角投影
Equal-area projection

等面積投影

(Lambert projection, Schmidt projection)(Stereographic projection, Wulff projection)
(Lambert net, Schmidt net)(Stereonet, stereographic net, Wulff net)

極投影
(極圖)

赤道投影

21



極點密度Pole density
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• 421 Faults, Joints, Bedding

•

Wyllie (2018)



典型岩石邊坡塊體破壞模式

23

•

Wyllie (2018)



摩擦圓：空間中平面以極點判斷是否穩定
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Wyllie (2018) Lisle and Leyshon (2004)



摩擦圓：空間中的線是否穩定
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Wyllie (2018) Lisle and Leyshon (2004)



Markland test for plane shear
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1. /

f 

2. / <

ψ.    

ψ > β > f 

> >

ψ = dip of the slope face

β = dip of the discontinuity or plunge of 

the line of intersection

φ = angle of friction for the rock surface

Markland (1972)

平面破壞和楔型破壞皆適用
平面破壞是楔型破壞的特例



Assumptions of Markland test
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• 所有弱面視為連續

•不考慮凝聚力 C=0 ( )

F.S. = tanφ/tanβ.



坡趾見光包絡線Daylight envelope
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• 1, 3, 4

• a
90

• ➔daylight 
envelop

• ➔

Lisle and Leyshon (2004)

(
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Daylight envelop

” ”

( )

Daylight 
zone

Daylight 
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平面破壞Plane failure
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•

• Markland test

1. ( )

2.

( )

ψ > β > f 

Lisle and Leyshon (2004)

1.

2.



楔型破壞Plane failure
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• 1 2

• Markland test

1. ( )

2. ψ > β > f 
是否沿平面1滑動、是否沿平
面2滑動、是否沿交線滑動

Lisle and Leyshon (2004)

1



平面破壞
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> >
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3. > >
弱面極點 虛線橢
圓 內
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弱面極點 摩擦圓

外
>
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順向坡平面破壞
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> >

1. 2. >

3. > > 4. <20
弱面極點 虛線橢
圓 內

<
弱面極點 摩擦圓

外
>
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弱面 ( 弧
線 )
填色區 弱
面極點 虛
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20
20

只留下與弱
面夾角<20度
的區域
弱面極點
填色區



楔型破壞
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> >

1. 2. >

3. > >

弱面弧線/交線 虛
線橢圓 內

<
弱面交線 摩擦圓

內 >

取 交集

N

( 點 )
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傾覆破壞
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• 20

( )

•

1.

2.

ψf : dip angle of slope face

Ψp : dip angle of discontinuity

Wyllie (2018)

fd : the friction angle of the sides of the blocks

• ➔

• ➔

•

fd➔

fd



傾覆破壞 & 圓弧型破壞
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Toppling

Circular  failure

(90- )+

>

Wyllie (2018)



Daylight envelop
Toppling envelop
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ψf : dip angle of slope face

ψA: dip angle of discontinuity A

ψB: dip angle of discontinuity B

ψC: dip angle of discontinuity C

>

>

(90- )+

>

Wyllie

(2018)
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•

•

•

Wyllie (2018)



有幾種破壞模式？

39 Wyllie (2018)



Rocscience - Dips

40


