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Introduction

This theory manual documents the basic calculations used in RocFall3 to simulate the rock paths as
rocks travel down the slope. RocFall3 has 2 engine modes: lumped mass and rigid body. The lumped
mass mode assumes the rock as a particle (point) and the rigid body mode considers the rock’s actual
shape and the effects from the shape’s size and angular momentum.

Rockfall trajectories consist of 3 main parts: projectile, impacts and sliding/rolling.
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1. Projectile

The physics for projectile motion of the rock is the same for both the lumped mass and rigid body modes.
While a rock is flying through the air, there are no forces acting on the rock except for gravity. For the rock
at any given time ¢, let’s define the following variables:

P = position (x,y,z) vector

R,= rotation matrix

<l

= velocity (x,y,z) vector
w = angular velocity (x,y,z) vector

With only gravity as the force, F = F, = M-g = M- (0,0,—9.81).

)
We can then write:
P(E) =T, t+ ;5 t* e (1.1)
V) =V,+g-t v.en(1.2)

—

— w-t . —
And with @ and ¢, we can get the rotating axis U = m and the angle to be rotated is 8 = ||w - t||. We

can then construct the rotation matrix [1]:

cosf + uZ(1 — cos) Uty (1 — cos0) — u,sind  u,u,(1 — cosf) + u,sind
R = | uyu,(1 — cos) + u,siné cosf + u; (1 — cos6) uyu,(1 — cosf) — u,sind
U Uy (1 — cosB) —uy,sind  u,u, (1 — cosh) + u,sind cosf + uZ(1 — cosh)

Updated rotation of the rock after time ¢ is then:

R.®)=R-R,,-RT n(1.3)
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2. Impacts

The lumped mass impacts in RocFall3 follows the method developed by Pfeiffer and Bowen [2]. The
formulae in the paper were written in 2D and they were adapted into 3D to account for the extra
dimension. Before the impact calculations, we rotate the rocks to a n/t1/t2 (normal, first tangential and
second tangential directions) frame so there are no incoming velocities in the t1 direction. All incoming
tangential rotations are along t2. Then we define the following:

T, and r, = normal and tangential coefficient of restitutions respectively
V,, Vi1, V2 = iNnCOming translational velocities

w,, W, W = iNCOMIng angular velocities, where wy =0

v, V', V', = outgoing translational velocities

w',, o', w', = outgoing angular velocities

If “Consider Rotations” is not selected in Project Settings, outgoing angular velocities remain unchanged
and outgoing translational velocities are calculated as follows:

! —
v,=r,xXv,
vVy=rxvy L .. (2.1a)

oo
Vi =T X Vg

If to “consider rotations”, outgoing translational and angular velocities are calculated as follows:

I —_
V,=r,Xv,

, _Jrz-(l-wtzz+M-vt12)'f(F)'5F
Ve = I+M-r?
v _\/Tz-(I-wt12+M-vt22)-f(F)-SF —

2= +mM-rz (2.1b)
o', = w,
W'y = V)T
W'y = Vy/T -

where:
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. . 3 3V
r = equivalent radius = |—
4T

. 2 2
| = equivalent moment of inertia = EMT

f(F) = Friction function
r 1—Tt
-t Vil —orn1\2  /V a2
( t1 fal)tz ‘r) +( t2+fa1)t1 r) 12 e (2.2)
SF = Scaling Factor
Tt
:—2
n
(fZ'T'n) +1

f1 = constant. 6.096 with metric units; 20 with imperial units.

f2 = constant. 76.2 with metric units; 250 with imperial units.

3. Sliding/Rolling

Pseudo-sliding in used in the lumped mass method, meaning that velocity is reduced, but angular velocity
is unchanged since it’s just a particle. Frictional force is simply the coefficient of friction multiplied by the
normal force.

Friction = p+N (3.1)

The coefficient of friction ¢ is simply:
L=1tan (@) i (3.2)

The frictional force is in the tangential direction only, opposite to the rock’s direction of travel. It is simply:
Fer= = N-D (3.3)

While the rock is sliding on the ground, we have the gravity and the friction. In t1/t2/n frame, we can write:

Fp=(FFa0) (3.4)
F=Fp+F, (3.5)
- F

A=— " (3.6)

The rock’s equation of motion can then be written as:
=
)=

Gt e, (3.7)
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