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ABSTRACT 

 
The sliding and rocking behavior of a three-dimensional rigid block on a rigid floor during 

dynamic loading can be predicted using the ANSYS Mechanical finite element analysis program. Care 
must be taken to properly set the contact stiffness, the contact damping and the time step; otherwise, the 
model and the analysis will be unrealistic. This type of finite element model is useful for analyzing the 
behavior of a spent fuel cask on a concrete floor during an earthquake. This paper only considers blocks 
for which the translational coefficient of restitution (COR) between the block and the floor is 
approximately zero. 

 
THEORY 

 
The motion of a rigid block on a rigid floor can be divided into two types of motion: sliding and 

rocking. During sliding motions, the block is accelerated horizontally by dynamic loadings and 
simultaneously decelerated horizontally by friction forces (accounted for by the coefficient of friction 
between the block and the floor). During rocking motions, the block is freely accelerated about one edge 
by dynamic loadings and gravity until its bottom face strikes the floor. If the translational COR between 
the block and the floor is approximately zero, then the block’s vertical momentum at the instant of impact 
is lost to the floor while its horizontal momentum is retained. This leads to a nonzero rotational COR, the 
ratio of rotational velocity immediately after impact to rotational velocity immediately before impact (see 
Yim et al., (1980)).  

 
METHODOLOGY 

 
In ANSYS Mechanical, rigid blocks were modeled as assemblies of MPC184 rigid beam 

elements with mass and components of rotational inertia distributed between a central rigid beam and a 
MASS21 point mass (see Figure 1). The base of the block was connected to the floor (represented by 
nodes restrained in all directions) by CONTA178 contact elements, which include gap, friction and 
damping functionality. The contact damping function for the CONTA178 elements was used to bring the 
translational COR to zero while maintaining an appropriate rocking COR. Force due to contact damping 
in CONTA178 elements is directly proportional to the velocity of the element perpendicular to the contact 
surface; thus, one properly calibrated contact damping value should produce appropriate behavior at all 
velocities. 
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Figure 1. Rigid body Compared to ANSYS Mechanical Model (CONTA178 elements are on ends 
of “prongs”). 

  
Several analysis iterations concluded that when an artificially high contact stiffness value is 

assigned and/or when the time step is inappropriately long, reaction forces between the block and the 
floor may be artificially amplified. In analyses recently performed by Stevenson and Associates on free-
standing vertical spent fuel casks, it was found necessary to use a minimum time step on the order of one 
microsecond during impact events to avoid such issues. CONTA178 elements have an impact control 
function (KEYOPT(7)=2 in ANSYS 13.0 and 14.0) which can and should be used to improve run times 
by switching between a small time step for impact events and a regular step for the rest of the motion.  

Esfandiari et al., (2001) includes a set of eight tests intended to calibrate the behavior of a model 
of a rigid block in two-dimensional space. These tests were equally applicable to a block in three-
dimensional space. Thus, these tests are performed for this paper for three blocks of varying dimensions 
to verify that rigid blocks modeled in ANSYS in this manner behave realistically. 

All three blocks have a uniform density, a height of 20 feet and a diameter of 12 feet. In all three 
models, mass is uniformly distributed to the MPC184 elements on the block centerline; the MPC184 
elements on the bottom of the block are massless. The difference between the rotary inertia of the actual 
block and the rotary inertia of the mass-endowed MPC184 elements is made up by assigning rotary inertia 
(but not mass) to the MASS21 element at the center of gravity of the block. 

A total of 72 horizontal MPC184 elements simulate the bottom of each block; these elements are 
evenly distributed from the center at an interval of 5 degrees and connect to 72 CONTA178 elements on 
the bottom edge of the block. The spacing between CONTA178 elements is close enough that they 
collectively behave as a continuous edge. 

The translational coefficient of restitution (COR) between the block and the ground is assumed to 
be zero, corresponding to an idealized concrete floor. If a block is tipped to a certain angle and allowed to 
rock down onto its base, the rocking COR is the ratio of the angular velocity just after impact to the 
angular velocity just before impact (see Yim et al. (1980)).  

The rocking COR is calculated in Yim et al. (1980) as: 
 

 e=1-1.5sin2θc (1) 
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where θc

 

 is the critical angle of the block, or the tipping angle at which the block is on the verge 
of tipping over (the tipping angle at which the center of gravity is directly above the tipping corner). Thus, 
for all three blocks, the rocking COR is calculated as follows: 

H=height of block=20 ft 
h=center of gravity height=10 ft 
B=total width of block=12 ft 
b=horizontal distance between center of gravity and rocking corner = (12 ft)/2 = 6 ft 
θc=critical angle of block=atan(0.5b/0.5h)=30.9638°=0.540420 radians 
e=rocking COR=1-1.5sin2θc
 

=0.603 

This rocking COR applies only to rocking about the four bottom edges for the box-shaped blocks, 
since rocking in a diagonal direction about one of the corners would use a different value b. However, 
rocking about the bottom edges should dominate, so the corresponding rocking COR is used for all 
scenarios unless otherwise noted. The contact characteristics of the model are as follows:   

• The contact stiffness is set to 1 billion pounds force per foot contact penetration (1E9 lbf/ft). 
• The contact damping is set by trial and error to produce the proper rocking COR. Note that the 

damping value producing a particular rocking COR varies with contact stiffness; if the contact 
stiffness value is changed, the contact damping value must be recalibrated. 

• The rocking COR is independent of the coefficient of friction between the block and the floor. 
Thus, the coefficient of friction is varied as required by each of the tests from Esfandiari et al. 
(2001). 
  

Test Model 1 Dimensions 
 
Model 1 is a 3,105.59 lb mass (100,000 lb weight) solid box 12 feet wide, 12 feet long and 20 feet 

tall. The centerline MPC184 elements have a distributed mass of 3,105.59 lb mass/20 feet= 155.280 lb 
mass/ft. 

Rotating about a horizontal line through its center of gravity and parallel to one of its bottom 
edges, the box has a rotary inertia of  

 
 (1/12)m(H2+b2)= (1/12)(3,105.59 lb mass)((20 ft)2+(12 ft)2)=140,787 lbm-ft2

 
 (2) 

where m is its total mass in pounds mass, H is its height in feet and b is its width in feet. The 
mass-endowed MPC184 elements have a rotary inertia about a horizontal line through the center of 
gravity of  

 
 (1/12)mH2=(1/12)(3,105.59 lb mass)(20 ft) 2=103,520 lbm-ft2

 
 (3) 

where m is total mass in pounds mass and H is height in feet. This leaves a discrepancy of 
140,787 lbm-ft2 – 103,520 lbm-ft2 =37,267 lbm-ft2

Rotating about a vertical line through its center of gravity, the box has a rotary inertia of  

 rotary inertia about a horizontal line through the center 
of gravity, which is corrected by adding rotary inertia to the MASS21 element about both of the 
horizontal axes. 

 
 (1/12)m(b2+b2)= (1/12)(3,105.59 lb mass)((12 ft)2+(12 ft)2)=74,534.2 lbm-ft2

 
 (4) 

where m is its total mass in pounds mass and b is its width in feet. The mass-endowed MPC184 
elements have no rotary inertia about the centerline axis, so 74,534.2 lbm-ft2 of rotary inertia about the 
vertical axis is added to the MASS21 element. 
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Test Model 2 Dimensions 

 
Model 2 is a 31,055.9 lb mass (1,000,000 lb weight) solid box 12 feet wide, 12 feet long and 20 

feet tall. The centerline MPC184 elements have a distributed mass of 31,055.9 lb mass/20 feet= 1,552.80 
lb mass/ft.  

Rotating about a horizontal line through its center of gravity and parallel to one of its bottom 
edges, the box has a rotary inertia of  

 
 (1/12)m(H2+b2)= (1/12)(31,055.9 lb mass)((20 ft)2+(12 ft)2)=1,407,867 lbm-ft2

 
 (5) 

where m is its total mass in pounds mass, H is its height in feet and b is its width in feet. The 
mass-endowed MPC184 elements have a rotary inertia about a horizontal line through the center of 
gravity of  

 
 (1/12)mH2=(1/12)(31,055.9 lb mass)(20 ft) 2=1,035,197 lbm-ft2

 
 (6) 

where m is total mass in pounds mass and H is height in feet. This leaves a discrepancy of 
1,407,867 lbm-ft2 – 1,035,197 lbm-ft2 =372,670 lbm-ft2

Rotating about a vertical line through its center of gravity, the box has a rotary inertia of  

 rotary inertia about a horizontal line through the 
center of gravity, which is corrected by adding rotary inertia to the MASS21 element about both of its 
horizontal axes. 

 
 (1/12)m(b2+b2)= (1/12)(31,055.9 lb mass)((12 ft)2+(12 ft)2)=745,342 lbm-ft2

 
 (7) 

where m is its total mass in pounds mass and b is its width in feet. The mass-endowed MPC184 
elements have no rotary inertia about the centerline axis, so 745,342 lbm-ft2

 

 of rotary inertia about the 
vertical axis is added to the MASS21 element. 

Test Model 3 Dimensions 
 
Model 3 is a 3,105.59 lb mass (100,000 lb weight) solid cylinder 12 feet in diameter and 20 feet 

tall. The centerline MPC184 elements have a distributed mass of 3,105.59 lb mass/20 feet= 155.280 lb 
mass/ft.  

Rotating about a horizontal line through its center of gravity, the cylinder has a rotary inertia of  
 

 m((1/12)H2+(1/4)R2)= (3,105.59 lb mass)((1/12)(20 ft)2+(1/4)(6 ft)2)=131,470 lbm-ft2

 
 (8) 

where m is its total mass in pounds mass, H is its height in feet and R is its radius in feet. The 
mass-endowed MPC184 elements have a rotary inertia about a horizontal line through the center of 
gravity of  

 
 (1/12)mH2=(1/12)(3,105.59 lb mass)(20 ft)2=103,520 lbm-ft2

 
 (9) 

where m is total mass in pounds mass and H is height in feet. This leaves a discrepancy of 
131,470 lbm-ft2 – 103,520 lbm-ft2 =27,950 lbm-ft2

Rotating about a vertical line through its center of gravity, the cylinder has a rotary inertia of  

 rotary inertia about a horizontal line through the center 
of gravity, which is corrected by adding rotary inertia to the MASS21 element about both of its horizontal 
axes. 
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 (1/2)mR2= (1/2)(3,105.59 lb mass)(6 ft)2=55,900.6 lbm-ft2

 
 (10) 

where m is its total mass in pounds mass and R is its radius in feet. The mass-endowed MPC184 
elements have no rotary inertia about the centerline axis, so 55,900.6 lbm-ft2

 

 of rotary inertia about the 
vertical axis is added to the MASS21 element. 

Test 1: Horizontal Sine Wave Acceleration Resulting in Resting State (Esfandiari et al. (2001)) 
 
With a coefficient of friction of 0.4 between the block and the floor, the block is subjected to a 

horizontal 5 Hz sinusoidal acceleration time history of 0.2g amplitude. When the model behaves 
correctly, the block does not move.  

 
Test 2: Horizontal Sine Wave Acceleration Resulting in Sliding State (Esfandiari et al. (2001)) 

 
With a coefficient of friction of 0.2 between the block and the floor, the block is subjected to a 

horizontal 5 Hz sinusoidal acceleration time history of 1.5g amplitude. When the model behaves 
correctly, after a brief transition period, the block slides back and forth in phase with the sine wave. In 
Esfandiari et al. (2001), the block spent approximately one second sliding in one direction before 
stabilizing about a point 5.4 inches from its initial position. Since all blocks simulated are assigned the 
same coefficient of friction and are subjected to the same acceleration - which produces forces directly 
proportional to the translational inertia of each block - all blocks simulated should slide in the same way, 
stabilizing approximately 5.4 inches from their starting points. 

 
Test 3: Horizontal Sine Wave Acceleration Resulting in Combination Sliding/Rocking State 
(Esfandiari et al. (2001)) 

 
With a coefficient of friction of 0.6 between the block and the floor, the block is subjected to a 

horizontal 5 Hz sinusoidal acceleration time history of 1.5g amplitude. When the model behaves 
correctly, after a brief transition period, the block simultaneously rocks and slides back and forth in phase 
with the sine wave. In Esfandiari et al. (2001), the block spent approximately one second rocking 
irregularly and sliding in one direction before entering a stable cycle at a point 0.042 inches from its 
initial position. Since each block has different rotary inertia, no single behavior is expected; this test only 
checks for stable combined rocking and sliding. 

 
Test 4: Horizontal Sine Wave Acceleration Resulting in Rocking State (Esfandiari et al. (2001)) 

 
With a coefficient of friction of 0.8 between the block and the floor, the block is subjected to a 

horizontal 5 Hz sinusoidal acceleration time history of 0.8g amplitude. When the model behaves 
correctly, after a brief transition period, the block rocks back and forth in phase with the sine wave. In 
Esfandiari et al. (2001), the block spent approximately one second rocking irregularly before entering a 
stable cycle. Since each block has different rotary inertia, no single behavior is expected; this test only 
checks for stable rocking. 

 
Test 5: Vertical Sine Wave Acceleration Resulting in Resting State (Esfandiari et al. (2001)) 

 
The block is subjected to a vertical 5 Hz sinusoidal acceleration time history of 0.9g amplitude. 

When the model behaves correctly, after a brief transition period, the block does not move, excepting tiny 
movements due to the deformation of the floor under the changing effective weight of the block. In 
Esfandiari et al. (2001), due to deformation of the floor, the block oscillated between -0.0002 inches and -
0.0036 inches of settlement into the floor.  
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Test 6: Vertical Sine Wave Acceleration Resulting in Uplift State (Esfandiari et al. (2001)) 
 
The block is subjected to a vertical 5 Hz sinusoidal acceleration time history of 1.5g amplitude. 

When the model behaves correctly, the block lifts upwards and crashes back down to the floor in phase 
with the sine wave. In Esfandiari et al. (2001), the block reaches a height of approximately 0.304 inches 
on every cycle. Since the force exerted by acceleration on each block is directly proportional to its mass, 
and thus, to its translational inertia, each block should move in the same way, reaching a height of 
approximately 0.304 inches on every cycle. 

 
Test 7: Vertical Drop (Esfandiari et al. (2001)) 

 
The block is dropped from a certain height directly onto its base. When the model behaves 

correctly, the square root of the ratio of its maximum rebound height to its initial height is equal to the 
translational COR. Esfandiari et al. (2001), started with the block on its base, then subjected it to an 
upward acceleration of 1.5g for one second to get it to its drop height. Note that this is equivalent to 
starting the block at its drop height. Esfandiari et al. (2001), analyzed a block with a translational COR of 
0.25, so it bounced to about 6.25% of its initial height. The block considered here has a translational COR 
of 0.0, so it should not bounce at all. Other than friction, which does not play a significant role in this 
impact, the only means by which the block loses energy is through contact damping in the CONTA178 
elements.  Thus, the model’s translational COR is a direct function of contact damping. In practice, a 
contact damping value that produces an appropriate rocking COR generally produces an appropriate 
translational COR. 

 
Test 8: Rocking Free-Vibration (Esfandiari et al. (2001)) 

 
The block is tipped to a certain angle, then is allowed to rock down onto its base. When the model 

behaves correctly, the ratio of angular velocity just after impact to angular velocity just before impact is 
the rocking COR. The rocking COR is also the square root of energy after impact to energy before impact 
because angular velocity is equal to the square root of kinetic energy and because energy is only lost 
during impact. When the block reaches its peak rocking angle before reversing direction, all of its energy 
is potential energy directly proportional to the height of its center of gravity above its resting position 
(zero tip). Thus, the calculated rocking COR is the square root of the ratio of the maximum displacement 
of the center of gravity above its resting position after impact to its maximum displacement before 
impact. This is much easier to extract from the finite element analysis output. 

Note that the model must be calibrated by trial and error to produce the proper rocking COR by 
setting the contact damping value for the CONTA178 elements. The cask will lose too much energy and 
the rocking COR will be too low with too much contact damping. The cask will lose too little energy and 
the rocking COR will be too high with too little contact damping. The models included herein have been 
calibrated to produce the proper rocking COR. Apart from friction, contact damping in the CONTA178 
elements is the only means by which the block loses energy; thus, all modeling of energy transfer is tied 
to the contact damping value. 

The block is tipped for the rocking free-vibration simulations performed for this paper to angles 
of 2.5°, 0.25°, 0.025° and 0.0025°. The contact damping value is calibrated to produce the appropriate 
rocking COR from a tipping angle of 0.25°. Since contact damping on each CONTA178 element is 
directly proportional to the vertical velocity of the element at the time of impact, other angles will 
produce approximately the same rocking COR.  The velocity at impact is higher or lower in these cases 
but so is the force resisting it. An angle of 0.0025° corresponds to a maximum height above the floor of 
sin(0.0025°)*12 feet=0.006 inches, which is much smaller than the dimensional tolerances of the concrete 
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floor under the block; thus, smaller angles are not considered. With starting angles larger than 2.5°, 
impact velocities are high enough to cause convergence issues with the simulation. A typical analysis of a 
rigid block on a rigid floor does not usually consider conditions producing such severe tipping angles and 
impact velocities. An analysis that does consider such conditions should be either calibrated at a higher 
starting angle or performed in an explicit dynamics program. 

 
TEST RESULTS 

 
Table 1: Test Results. 

 
Model 1 2 3 Target 

Shape Box Box Cylinder  

Mass [lb force] 100000 1000000 100000  

Contact damping [lbf/(ft/s)] (used for all tests of 
each model, calibrated at rocking angle of 0.25°) 

1750000 3000000 2529000  

Test 1: Maximum horizontal slide under horizontal 
sine wave acceleration intended to produce resting 

state [ft] 

0.000 0.000 0.000 0.000 

Test 2: Final average distance from origin under 
horizontal sine wave acceleration intended to 

produce sliding state [ft] 

0.45 0.45 0.45 ~0.45(3) 

Test 3: Stable combined rocking/sliding under 
horizontal sine wave acceleration intended to 

produce rocking/sliding state 

Stable 
combined 
rocking 

and 
sliding 

Stable 
combined 
rocking 

and 
sliding 

Stable 
combined 
rocking 

and 
sliding 

Stable 
combined 
rocking 

and 
sliding 

Test 4: Stable rocking under horizontal sine wave 
acceleration intended to produce rocking state: 

Vertical displacement of edge during each cycle [ft] 

0.026 0.026 0.026 ~0.0285(5) 

Test 5: Maximum vertical displacement under 
vertical sine wave acceleration intended to produce 

resting state [ft] 

0.000 0.000 0.000 0.000 

Test 6: Maximum vertical displacement under 
vertical sine wave acceleration intended to produce 

uplift state [ft] 

0.0251 0.0249 0.0249 ~0.0263(2)
 

Test 7: Translational COR (from drop test) 0.000 0.000 0.000 0.000 

Test 8a: Rocking free-vibration test, starting angle 
0.25° (calibration angle is also 0.25°): rocking COR 

0.611 0.603 0.603 0.603 

Test 8b: Rocking free-vibration test, starting angle 
0.0025°: rocking COR 

0.333 (1) 0.290 (1) 0.227 (1) 0.603 

Test 8c: Rocking free-vibration test, starting angle 
0.025°: rocking COR 

0.540 0.506 0.506 0.603 
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Model 1 2 3 Target 

Shape Box Box Cylinder  

Mass [lb force] 100000 1000000 100000  

Test 8d: Rocking free-vibration test, starting angle 
2.5°: rocking COR 

0.626 0.628 0.625 0.603 

(1) – falls well below the target rocking COR, but only because the starting angle is so low. 
(2) – calculated by numerically integrating acceleration function, a(t)=1.5(32.2 ft/s)*sin(10πt)-32.2 ft/s. 
(3) – calculated by numerically integrating sum of acceleration function, a(t)=1.5(32.2 ft/s)*sin(10πt), and 
friction function, af(t)=0.2(32.2 ft/s) in direction opposite to velocity. 
(4) – calculated using aforementioned formula for rocking COR, e=rocking COR=1-1.5sin2θc=0.603, 
where θc is critical angle of block. 
(5) – calculated by numerically integrating sum of rotary acceleration function, α(t)=0.8 (32.2 
ft/s)*sin(10πt)*M*0.5H/I, and gravity rotary acceleration function, α g(t)=(32.2 ft/s)*M*R/I in direction 
opposite to current rotation angle. M is mass in lbm, R is radius in ft, I is rotary moment of inertia about 
edge of block in lbm-ft2. Excel is set to manually multiply rotational velocity by the rocking COR 
whenever the rotation angle changes sign.  

 

 
Figure 2. Vertical Displacement of Edge Nodes During 0.0025° Rocking Free-Vibration Test of 

Model 2. (Note: the floor is at elevation 0. The edge nodes reach positions below elevation 0 because the 
contact elements have a very high, but not infinitely rigid, contact stiffness of 1E9 lbf/ft.)  

 
Actual rocking COR values do not change as long as the geometric properties of the block in 

question stay constant. However, the rocking COR exhibited by the block in Test 8 varies with starting 
angle/rotational velocity at impact; higher velocities produce higher rocking COR values, and vice versa. 
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Thus, the model should be calibrated using a starting angle approximately equal to the minimum 
significant rocking angle expected to be exhibited by the block. When rocking angles exhibited during the 
final analysis are much higher or lower than the calibration angle (by a factor of 10-100), it may be 
necessary to recalibrate. Rocking events that reach higher angles will exhibit a conservatively higher 
rocking COR. Rocking events that reach lower angles may or may not be significant to the analysis. For 
example, the 0.0025° rocking free vibration test for Model 2 fell well below the target COR, but its initial 
tip angle was so low that the initial height of the tipped edge above the floor was on the same order of 
magnitude as the minute deflection of the floor under the weight of the block (see Figure 2). Even 
incidental loss of energy (energy lost to friction as the block moves against the floor, for example) is 
enough to completely dissipate what little kinetic energy the block starts with; thus, it is expected that the 
block would not achieve the target COR.  
 
DISCUSSION 

 
It is necessary to always perform a complete set of calibration tests, like those in Esfandiari et al. 

(2001), when performing simulations with this type of model. Note that contact damping is a function of 
the block being modeled. The model was calibrated separately for each block. Without careful attention to 
contact damping, it is possible to build an improperly damped finite element model that may appear to 
behave realistically under seismic conditions. Improperly damped models include: 

(1): The undamped/underdamped model with too few substeps at the time of impact, which 
exhibits variable translational and rocking COR values: Contact elements will not exert reaction forces on 
elements bearing on the contact surface until the end of the first substep spent in contact. If an element is 
moving at a relatively high speed with a relatively large substep size (say, 0.01 seconds), it could be half 
an inch into the contact surface before it receives a reaction force. Since, in this sort of problem, the 
contact stiffness is generally that of reinforced concrete, which should never experience significant 
deformation under a block it was designed to support, this can lead to unrealistic results. With no 
functionality built into the model for plastic deformation or failure under high deformation, the contact 
surface will instead act like a very stiff spring, rebounding the block upwards with such force that the 
resultant translational COR may exceed 1.00 (“impact springing”).  

(2): The undamped model with sufficient substeps at the time of impact, which exhibits a 
translational COR of 1.0: Rocking COR in such a model is difficult to compute, since the cask will 
rebound straight upwards during every rockdown impact. The only energy loss occurring in such a model 
is due to friction, so it will travel more than in a realistic simulation. Thus, if the block is required to stay 
within a certain region of the floor to avoid hitting other blocks, tipping and sliding displacements should 
be conservative. However, with unrealistically low amounts of energy lost to the floor on rockdown, 
impact forces exerted on the floor will be unconservatively low.  

(3): The underdamped model with sufficient substeps at the time of impact: Translational COR in 
such a model is greater than 0.0, so a single drop test should reveal the problem. During final analysis, the 
block might continue moving several seconds after the end of input motion. 

(4): The overdamped model with sufficient substeps at the time of impact:

When using this sort of model, the required minimum substep is a function of the block being 
analyzed. It is important to check the results of the calibration tests and of the final analysis thoroughly 
for evidence of impact springing (sudden, unusual movements of the block under steady-state conditions 
and/or an increase in the total energy of the block without intentional input of energy). If impact springing 
does occur, the maximum number of substeps must be increased and the model must be recalibrated. 

 Translational COR in 
such a model will be 0.0, as it should be, while rocking COR will be too low. Again, calibration tests are 
critical; the movements of an overdamped model might seem realistic, especially if significant motion is 
not expected. 

The use of the impact constraint function (KEYOPT(7)=4 in ANSYS 13.0 and 14.0), which takes 
a translational COR input by the user, is not recommended for the analysis of rocking blocks. This 
function performed inconsistently in preliminary trials, with models generally failing to attain the desired 
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rocking COR. Moreover, in ANSYS 13.0, blocks modeled in this fashion would occasionally get stuck in 
the floor on impact, causing ANSYS to report unreasonable results until the end of the analysis. 
 
OTHER CONSIDERATIONS 

 
It is acknowledged that ANSYS Mechanical is not specifically intended to model the impacts that 

occur between the rigid block and the rigid floor. Although ANSYS, Inc. is currently adding functions to 
some of its contact elements to account for conservation of momentum on impact, these features are not 
yet well documented, with no official example problems documenting their use. The models discussed 
here successfully model impact only by manually adding damping to the contact elements, then 
calibrating them to produce the appropriate theoretical behavior. That being said, the analysis of a rigid 
block on a rigid floor during dynamic loading does not normally involve significant deformation, and 
energy transfer on impact is uncomplicated (i.e., the block loses all vertical momentum when impacting 
the floor). Therefore, a full fledged explicit dynamics program like LS-DYNA, might not be necessary for 
such a simple problem, especially if rocking angles are small. This type of ANSYS Mechanical model is 
specially suited to the problem for which it was designed: the analysis of a spent fuel cask on a concrete 
storage pad at a nuclear power plant during its design basis earthquake, which can last more than 20 
seconds. LS-DYNA, by contrast, was made for the analysis of short duration impact events, like car 
crashes and crane accidents. 

Cylindrical blocks, during a seismic analysis with input acceleration in both horizontal directions, 
frequently exhibit precessional motion, where the center of gravity oscillates around the vertical axis. This 
is normal; the block is simultaneously rocking about both horizontal axes. 

Blocks with extremely high rocking COR values require special attention using this model; the 
contact damping value that produces the proper rocking COR might not be high enough to produce a 
translational COR of zero.  

 
CONCLUSION 

 
With careful attention to contact stiffness, contact damping and time step, the sliding and rocking 

behavior of a three-dimensional rigid block on a rigid floor during dynamic loading can be predicted 
using the ANSYS Mechanical finite element analysis program. 
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