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ريزش سنگ -پايداري شيرواني سنگي

دكتر حسن قاسم زاده–مكانيك سنگ 

فهرست عناوين و فصول
مقدمه  -1
طبقه بندي سنگها -2
خواص فيزيكي و مكانيكي سنگ ها -3
رفتار سنگ ، معيارهاي خرابي و شكست -4
تنش هاي در جا در سنگ -5
صفحات ضعيف در سنگها -6
كاربرد مكانيك سنگ در مهندسي -7

ريزش سنگ -پايداري شيرواني سنگي  -1
پي بر بستر سنگي -2
تونل -3

Types of Mass Wasting
• Creep – slow, most active at the surface
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<1cm/year

Creep
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Types of Mass Wasting
• Creep – slow, most active at the surface
• Slumps – material moves downslope accompanied by 

rotation
• Flows – material moves chaotically and in a 

disorganized fashion
• Avalanches or debris flow – involve a wide range of 

material involvement: trees, soil, and rock
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<1cm/year

<5km/hr

Flow

Rockfall Debris
Avalanches

Dr. Hasan Ghasemzadeh 6



Rock Mechanics 11/26/2015

K.N. Toosi Technical University 2

Types of Mass Wasting
• Creep – slow, most active at the surface

• Slumps – material moves downslope accompanied by 
rotation

• Flows – material moves chaotically and in a 
disorganized fashion

• Avalanches or debris flow – involve a wide range of 
material involvement: trees, soil, and rock

• Slides – material moves as cohesive unit along a 
clearly define surface

• Falls – material free falls upon failure or 
undercutting, motion is rapid
– Rockfalls are the most common form

Dr. Hasan Ghasemzadeh 7

<1cm/year

<5km/hr

>5km/hr

Slide, Flow, Fall
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Fall Slide

Landslide

Flow Only Flow with Rotation
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Toppling Failure Plane Failure

Wedge Failure (3D)
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Failure mode

تحليل پايداري شيرواني

    روش هاي تحليل شيرواني

هاي موجود تحليل با استفاده از فرمول -1
هاي موجود تحليل با استفاده از گراف -2
تحليل عددي به كمك رايانه -3

تحليل پايداري شيرواني
سازي پيوسته و ناپيوسته مدل     
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Slide of Jointed Rock in Slope
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Water-filled tension crack

Slide of Jointed Rock in Slope
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Limiting Equilibrium: W.Sin  = R = c.A + W.Cos .tan 

water in cracks

Dry cracks

Effect of water in tension crack

(a) Tension 
crack at head

(b) tension crack 
on slope face

Safety Factor

- the rock mass is impermeable,
- the sliding block is rigid,
- the strength of the sliding plane is given by the Mohr-Coulomb criterion 
- all forces pass through the centroid of the sliding block
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Gravity Water
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Effect of water in sliding

permeable 
rock 

Forces acting on slope

Forces acting on a 
planar slide surface

Forces exerted by a 
resistant external 
element (anchor) 

applied to the slope
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Types of failure in rock slope 

Strength curve for the rock mass and relationship between slope height and angle 
(modified from Hoek and Bray, 1981)

Toppling failure

Toppling Failure

 When a block of rock resting on an inclined planes
moving downward from the face of the slope.

Toppling failure
Strata toppling

Buckling of vertical 
strata with bending and 
fracturing of strata

block toppling
flexural 
toppling

(a) no sliding and no toppling:  <  and blh > tan ;
(b) sliding but no toppling: >  and b/h > tan ;
(c) no sliding but toppling: <  and blh < tan ;
(d) sliding and toppling: >  and blh < tan .

Dr. Hasan Ghasemzadeh 22

Sliding and Toppling failure

block 
toppling

for inter-layer slip to take place
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Toppling failure

slip surface is non-circular

slip surface is truly circular

Slide, Fall
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Wedge failure
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Joints 
Bedding

Wedge formed by bedding and orthogonal joints in sandstone (US60, Globe, AZ) 

Slide, Fall

Dr. Hasan Ghasemzadeh 26

Slide, Fall

wedge factor of safety = wedge factor x plane factor of safety
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Slide, Fall
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پايداري گوه 

آيد ضريب اطمينان از رابطه زير بدست مي

tan tanA BFS A B  
آيد ضرايب از گراف ها  بدست مي

شود ناميده مي Plan Aدرزه با شيب كمتر 

پايداري گوه 

Rock Slope Engineering Duncan C. Wyllie and Christopher W. Mah
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مثال پايداري گوه 
گوه ناشي از صفحات ناپيوستگي زير را در نظر بگيريد

Dip Dip direction Friction angle, ϕ
Plane A 450 1150 34.50

Plane B 750 2250 370

تفاضل شيب ها و آزيموت ها را بدست مي آوريم -1
گرافهايي را انتخاب مي كنيم كه تفاوت شيب آنها برابر تفاوت شيب صفحات گوه باشد  -2
براي صفحه درزه  با شيب كمتر است   Aآيد ضريب  ضرايب از گراف ها  بدست مي -3
آيد ضريب اطمينان از فرمول زير بدست مي -4

tan tanA BFS A B  

Dِifference 300 1100

مثال پايداري گوه 

Charts for dip difference between planes forming the wedge of 300

tan tan 1.1tan 34.5 0.45tan 37 1.09A BFS A B     

پايداري شيرواني همگن و همسانگرد

Slope stability charts for φ = 0 soils (after Janbu 1968)

خاك چسبنده
پايداري شيرواني همگن و همسانگرد

مختصات مركز دايره لغزش

δi = central angle of arc, measured around the center 
of the estimated critical circle, within zone i

hi = height of zone i

Slope stability charts for φ > 0 soils (after Janbu 1968)

پايداري شيرواني همگن و همسانگرد
اي خاك دانه

پايداري شيرواني همگن و همسانگرد

تعيين ضريب سربار
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پايداري شيرواني همگن و همسانگرد

تعيين ضريب آب

پايداري شيرواني همگن و همسانگرد

تعيين ضريب ترك كششي

پايداري شيرواني همگن و همسانگرد
مثال

پايداري شيرواني همگن و همسانگرد
ادامه مثال

پايداري شيرواني همگن و همسانگرد

The factor of safety for a toe 
circle is calculated as follows:

مثال

پايداري شيرواني همگن و همسانگرد
ادامه مثال
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پايداري شيرواني همگن و همسانگرد
شيرواني طويل

پايداري شيرواني همگن و همسانگرد
شيرواني طويل

پايداري شيرواني همگن و همسانگرد
مثال شيرواني طويل

لغزش در حالت وجود آب

1

2

3

4

5

لغزش در حالت وجود آب لغزش در حالت وجود آب
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لغزش در حالت وجود آب
مثال

احتمال خرابي

Sau Mau Ping slope problem

احتمال خرابي

For this calculation @RISK program is available from www.palisade.com

Monte Carlo method uses random or pseudo-random numbers to sample from
probability distributions.

احتمال خرابي

Distribution of the factor of safety 
using program RocPlane

probability of failure is found to be 6.4%

64 out of 1000 similar slopes could be expected to fail at some time during the life 
of the slope.
Alternatively, a length of 64 m could be expected to fail in every 1000 m of slope.

احتمال خرابي     سازي عددي پيوسته  مدل

كند توده سنگ با ناپيوستگي زياد مشابه يك توده همسانگرد عمل مي

Stable or Geo Slope program
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Rock fall program (Rocscience)

    سازي عددي پرتاب سنگ مدل

Swedge program (Rocscience)

سازي لغزش گوه سه بعدي مدل     

Rock plane program (Rocscience)

سازي لغزش گوه با يك ناپيوستگي مدل     Numerical modeling in rock slope

Sliding along 
discontinuities

Planar wedge 
sliding

Numerical modeling in rock slope

Rotational type of failure

Flac – Plaxis – Ansys - Abaqus

Numerical modeling in rock slope

Combined step-
path and rotational 

Step-path 
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Numerical modeling in rock slope

Factors of safety – ranged from 0.95 to 2.1 

Numerical modeling in rock slope

Mine open pit in jointed rock mass

UDEC and 3DEC

سازي ناپيوستگي ها  مدل      

3-D discrete fracture network

سازي ناپيوستگي ها  مدل      
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Rockfall Protection Rockfall Protection
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Rockfall Protection Rockfall Protection

debris flow
heading toward 
neighborhood

debris trapped
in concrete-lined 

basin

Rockfall Protection

layer of gravel to 
absorb the energy

Rockfall Protection

Rock Slope Engineering Duncan C. Wyllie and Christopher W. Mah

Rockfall Protection

energy 
absorbing 
ring

system manufactured by Geobrugg of Switzerland

ring net

Exercise

Determine the factor of safety against sliding of the block DBC. 
Assume block ABD is table


