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Problem statement

The difficulty is defining the quantity of 
material that interacts with the barrier!

(W. Ashwood, 2014)

𝒑𝒑𝒅𝒅,𝒎𝒎𝒎𝒎𝒎𝒎 = 𝒎𝒎 � 𝝆𝝆𝒘𝒘𝒘𝒘 � 𝒗𝒗2, dynamic coefficient 𝒎𝒎 = 1.5…5
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Process and impact model 
according to ONR 24801

𝑷𝑷𝒔𝒔𝒔𝒔 = 𝑬𝑬𝒎𝒎 =
1
2 � 𝑲𝑲𝒎𝒎 � (𝝆𝝆𝑴𝑴 � 𝒘𝒘 � 𝒉𝒉𝒔𝒔𝒔𝒔²)

𝑷𝑷𝒅𝒅𝒅𝒅𝒅𝒅 = (𝝆𝝆𝑴𝑴 � 𝒉𝒉𝒅𝒅𝒅𝒅𝒅𝒅 � 𝒗𝒗2)
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Two DEM-codes

Both codes are capable to model the movement and the
interaction of stressed assemblies of particles.
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Sliding block vs. Rock slide

Block volume 1 m³

Kn= Ks= 5e8 N/m

Rigid block model

ρ = 2500 kg/m³
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PFC & UDEC: Free falling

In order to model the free falling of blocks, neither the acceleration nor the velocity 
is to be reduced during fall as a consequence of mechanical damping.
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PFC: Viscous damping model

The reduction of the velocity caused by the impact is modelled with the help 
of a viscous damping model integrated in PFC.
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Calibration by Drop Test

Drop tests, rebound height
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Calbration by Drop Test

Relation between restitution coefficient and critical damping ratio (Itasca 1999)

0.45

0.245
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UDEC: Rayleigh damping

where α = the mass-proportional damping constant; and
β = the stiffness-proportional damping constant.

UDEC Rayleigh damping (for a block volume of 1 m³): 
- natural frequency fmin= 71.17 Hz
- fraction of critical damping ξmin= 0.16
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Analysis 1: Sliding block vs. Rock slide

Movie 2: joint spacing 0.20 mMovie 1: joint spacing 0.00 m

The number of modeled blocks was varied between 1 and 30 and the joint spacing 
between the adjoining blocks was varied between 0 and 20 mm.
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Maximum impact force vs number of blocks

PFC and UDEC show an increase in the maximum impact force as the number of blocks increases.  
From a number of blocks greater than or equal to five, the increase in impact force is insignificant. 

1
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Analysis 2: Rock fall vs. Rock mass fall

Version 1: const. number of 1000 Blocks, 
Version 2: const. Volume of 1000 m³

The volume of the modeled equally sized blocks was varied 
between 0.1 and 10 m³.
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Test arrangement

runout distance of 50 m, block volume of 1 m³, 1000 blocks

Calculation stepsCalculation steps

Fixed rotational velocity Free rotational velocity
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Version 1: Block number was kept constant

Ratio of the maximum impact force generated by single rock fall and rock mass

𝒑𝒑𝒅𝒅,𝒎𝒎𝒎𝒎𝒎𝒎 = 𝒎𝒎 � 𝝆𝝆𝒘𝒘𝒘𝒘 � 𝒗𝒗2, dynamic coefficient 𝒎𝒎 = 1.5…5
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Version 2: Block volume was kept constant
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Version 2: Block volume was kept constant

Ratio of the maximum impact force generated by single rock fall and rock mass

𝒑𝒑𝒅𝒅,𝒎𝒎𝒎𝒎𝒎𝒎 = 𝒎𝒎 � 𝝆𝝆𝒘𝒘𝒘𝒘 � 𝒗𝒗2, dynamic coefficient 𝒎𝒎 = 1.5…5

𝑓𝑓 𝑥𝑥 = 𝑎𝑎 � 𝑥𝑥𝑏𝑏
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Conclusions

• The results of Analysis 1 indicate that the front part (i.e. the first five 

blocks) of a rock slide generates 90-98% of the maximum impact force. 

The effect of the following sliding blocks (beyond five) is negligible. An 

explanation could be that the first few blocks, after their impact, are acting 

as a barrier themselves, taking up most impact force of the following 

blocks.

• The results of Analysis 2 indicate that there is a relationship between 

single rock fall and rock mass fall, which predominantly depends on block 

volume and rotational damping.
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Thank you for attention
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