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an overview of this talk final 
thoughts

the 
starting 
point

the 
simple 
model

some 
compli-
cations
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•determine degree of “impact”

•make impact accessible

•guide safety system design

both ice and ice screws exhibit
reduced strength with increased 
load rate.  a 100 X increase in rate
halves the strength.

motivation

objectives
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methods

determine the 
load rate 
based on a 
(very) simple 
rope model

compare the 
simple model to  
complicated 
models (Wexler
and Pavier)

compare the simple 
model to data 
(Mägdefrau) 
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expected kinematics behavior
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the simple model
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the simple estimate of load rate
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inclusion of potential energy of stretch
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complications

•rope damping

•carabiner friction

•belayer behavior

•energy absorbing 
systems
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how does one compare a spring to a
damped spring system?

I have
no simple
answer;
rather, 4
complicated
ones.

Pavier
spring
spring/
dashpot
model

Wexler
spring
model
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damping I

here, the
addition
of damping 
increases
load rate

same force

same stretch
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damping II

“critical” damping
produces a load
rate midway 
between the top 
spring and the 
two springs in 
series.
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carabiner friction
1) increases the force on the 
top anchor but does not 
change the proportionality 
of the yowie factor

2) decreases the effective
rope length and thus also

increases the fall 
factor; expect a 20%
increase in load rate & 

reduced proportionality
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belayer behavior

the belayer can reduce the energy absorbed
by the rope by allowing rope to slip through 
the belay device and by being lifted up. the
reduced energy results in reduced force,
increased time, and thus reduced load rate.
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energy absorbing systems

EAS reduce load rate
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model compared to data

model and data correlate only loosely
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conclusions
as a rule of thumb:

•climbers can apply the rule by 
protecting the belay and using
low “modulus” ropes.

•in the future, the rule might be used 
to guide the design of better ice screws 
and perhaps the use of plastic anchor 
components.

•use EAS and a dynamic belay.
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stray EAS
graphs
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alternate expression
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