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Abstract

The biting force of the Gray Squirrel
(sciurus carolinensis), Plains Pocket Gopher
(Geomys bursarius) and Norway Rat (Rattus
norvegicus) was measured and their biting
ressures calculated from the contact area of
Emir incisors. Representative biting pres-
sure of the squirrel was 22,000 psi, the
gopher 18,000 psi, and the rat 7,000 psi.

It was found that the rodent gnawing
action consisted of very rapid bites up to
six per second with an average of 1.5 bites
per second. The biting activity among the
three species of rodents differed such that
in a seven day cage exposure test a specimen
could have a total of 90,000, 45,000 and
18,000 bites inflicted by the gopher, squirrel
and rat, respectively.

Two modes of wire and cable sheath fail-
ure resulting from rodent gnawing action are
proposed. In the case of soft materials such
as flexible vinyl plastic, polyethylene, alu-
minum, lead, and annealed copper, the failure
is by cutting wear. 1In the case of relatively
hard materials such as steel and copper alloy,
ultimate failure is by deformation wear. A
toughness index criteria, related to material
hardness, breaking strength, and strain, is
established as an aid in selecting rodent re-
sistant sheath material.

Introduction

The service life of buried and aerial
tommunication or power distribution wire and
cable is often limited by gnawing rodents,
Particularly pocket gophers, squirrels and
sometimes rats. During the past thirty years
lumerous studies were made of the rodent re-
Sistance of a great variety of plastic, fer-
fous, and non-ferrous wire and cable
sheaths, 1234 The studies were primarily aimed
atdetermining the susceptibility of materials
tqrodent damage and the relationship of
ﬂuckness, size and shape. These studies
dreatly assisted the selection of improved
?maths. However, none of the past studies
OCused on the influence of rodent biting
zSSSure and gnawing frequency nor failure
dmzr A Study of rodent biting pressure and

N9 action was undertaken in the belief
“au:t would contribute to the understanding
Dore e Sheath fal}ure mechanism and lead to
Hevegellable designs. Furthermore, we be-

that such a study would lead to a more

rant
aMd'means of screening candidate sheath
terialg,

mmt'A detaileq description of the incisor
mrclng Surface area and hardness, biting
€ instrumentation, and biting force and

by

G. K. LaVoie & J. F. Glahn
U. S. Dept. of Interior
Wildlife Research Center

-Denver, Colorado

pressure of the plains pocket gopher, gray
squirrel, and norway rat is Presented. Evi-
dence is offered and it is argued that the
failure mode of thermoplastic jacket, alumi-
num, lead and annealed copper sheath is via
cutting wear. It is primarily related to in-
cisor/material hardness and frictional force.
The failure mode of copper alloys, tin plated

. steel, and stainless steel is via deformation
wear and is primarily related to sheath tough-

ness and gnawing frequency. Mechanical prop-
erties of shield/armor necessary to the sur-
vival of rodent attack are relative hardness
and toughness. A critical toughness index
number is proposed.

Materials and Methods

Incisor Surface Area and Hardness

The cutting edge of the rodent incisor is
not uniform as in the case of a knife or chis-
The irreg-

el edge, but irregularly serrated.

ularity is apparent in the gopher incisors
shown in Figure 1.

P

The incisors of squirrels

Fig. I. Lower incisors of the plains pocker
gopher (Geomys bursarius) showing
irregularicy ol biting surface arca.

and rats are similar in size and irregularity.
In order to obtain a realistic, but conserva-
tive estimate of this surface area, all points
of the incisors were considered to be contact-
ing a hard surface with the animal's head in
the normal position. Various methods of meas-
uring this area were tried, such as ink prints
similar to fingerprints; however, none, with
the exception of the one described below, were
acceptable.

Biting surface area prints were made by
pressing the upper and lower gopher incisors
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into a piece of .005" thick thermoplastic f11m
taped to a standard microscope slide. A simi-
lar procedure was used with rats and squir-
rels, Slides were then pro;ected at 45X and
the outline of the impression traced (Figure 2).

Calculation of the surface area was
determined using a planimeter and converting
the readings to square inches. Incisor hard-
ness was measured with a Shore D Durometer
while the incisor lay on its side within a
tight flttlng cavity cut into a piece of hard
wood.® The estimated biting surface areas
and hardness for each species are listed in
Table 1.

Except in a few instances, the biting
surface area of the lower incisors of all .
three species was less than the upper 1ncls°
The greater mobility of the lower jaw result~
ing from its flexible muscular attachment to
the skull probably accounts for the difference
in surface area.

Construction of Gnathodynameter

The Gnathodynameter ("biteometer") con-
sists of a variable resistance force trans- -
ducer, bite-bar, power supply and associated
circuitry which converts the changing resis-
tance to a changing voltage that drives a-
strip chart recorder. A schematic is shownjiin
Figure 3. A description of the components'ls
as follows:
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Projected incisor Impressions-Plains Pocket Gopher

FIGURE 2 ‘

TABLE 1

Max).'num Biting Surface Arcas and ‘Incisor Hardness of Three
Species of Rodents

Mean Maximum Shore D
Incisor Surface Area (inz) Hardness
Species n Upper Lower
Plains Pocket Gopher
(Geomys Bursarius) 15 0.00015 0.00005 95
Norway Rat
(Rattus Norvegicus) 18 0.00041 0.00013 95
Gray Squirrel )
(Sciurus Carolinensis) 16 0.00019 0.00013 95
G .
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Gnathodynameter and Associated Circuitry
FIGURE 3
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0.25 ohm resistor (1% Tol.)

0-500 ohm potentiometer

1.5 volt dry cell

'Variable resistance force transducer
. and CBL2 = Shielded twisted pair

- Strip Chart Recorder

-Transducer Holder (bite-bar)

Transducer Controller housed in aluminum
mini-box ’
Single pole, single throw mini-switch

- The -heart of the "biteometer" is the var-
resistance force transducer (R3). The
sducer's resistance decreases with in-

ing force and is a component of a simple
ge divider circuit. It is shunted by the
able resistance (R2) which provides a

f zero-setting the transducer under no-
ronditions. The transducer action re-

n 1l to 16 millivolts across (R) for

ge of rodent biting forces.

A commercial transducer was tried first,
was abandoned when its variable resistance
ial prematurely age-hardened. New trans-
‘dlicers were constructed by the authors employ-
ing a mixture of rubber cement with finely
powdered activated charcoal.’ fThe ratio of
‘éharcoal to rubber cement was varied until a
transducer of the desired sensitivity was
achieved. When a greater amount of charcoal
was added to the cement, the sensitivity to
pressure increased. The transducer was mount-
ed within a bite-bar which provided the rodent
a means of activating the transducer (Figure 4).

MODIFIED HOSE CLAMP " | INSULATING ADHESIVE

BRASS PLATE
GALVINIZED SHEET METAL

erOTCH

llNSULATlNG ADHESIVE
BRASS PLATE
PLASTIC HMH%! (CO?{TAINING CARBON AND

RUBBER CEMEN
WIRE TO TRANSDUCER

Bite-Bar
FIGURE 4

During the course of the experiment, sev-
eral transducers were calibrated and used in
obtaining the data presented. The unit was
adjusted to 1 mV output with no pressure on
the transducer. Then, 100 gram weights were
added to the bite-bar via 1/8" diameter rod.
This procedure was repeated ten times for each
weight category and the means and range plot-
ted for each category. Transducers were dis-
carded if the ranges for any two weight cate-
gories overlapped. Transducers were calibrat-
ed on the day of their intended use since '
their response to pressure changed from day
to day due to drying of the rubber cement. It
was found that the transducer yielded an im-
mediate response upon application of pressure;
however, the response slowly increased if the

119

pressure remained on the transducer. This .
property did not significantly affect the
measured forces since all species exerted
force on the bite-bar only momentarily with
each bite.

The Gnathodynameter described here is a
functional instrument with which biting forces
can be determined with a reasonable degree of
accuracy. However, it should be noted that
several physical variables which influence
biting force are inherent in the design of the
instrument. - First, the thickness of the bitée-
bar has a direct bearing on the amount of
force that can be applied. Biting forces are
dependent on the vertical separation of teeth,
and when the mouth is open widely, total mus-
cular force cannot be applied. (This is a de-
cided advantage of larger size cables.) The
thickness of the bite-bar was approximately
3/16 inch and the total mouth opening of the
test animals was approximately one inch. This
probably influenced the biting force, but not .
to a significant degree. In fact, studies
have shown that the greatest degree of damage
inflicted by rodents have been on wire struc-
tures with diameters between 0.20" and 0.50".

Second, the position of the incisors on
the bite-bar possibly accounts for some of the
variations between animals of the same spe-
cies. During calibration, it was found that a
point 1/16 inch from the tip and along the
centerline of the bite-bar was the most re-
sponsive area. When biting the bar, some ani-
mals may not have bitten this area even though
numerous attacks were elicited from each test
animal.

Rodent Bitin

During biting force measurements, gophers
were placed in an open-front cage (Figure 5).
One of the front feet of the gopher was grasp-
ed lightly with forceps which were in close

Gopher Biting the Bite-Bar
FIGURE 5
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proximity to the pite-bar. The gopher strik-
ing at the ‘source of irritation readily bit
the bite-bar. This procedure was repeated
with each of the eighteen gophers. Biting
force varied during this time and the highest
trace recorded for each gopher was considered
its maximum capable force. ‘A similar proce-
dure was used to measure the biting force of-
eighteen Norway rats and sixteen gray squir-
rels. However, the rats were placed in a re-
strainer which covered the entire body except
the head, and squirrels were hand~held using
a mink handler's glove.

Summary of Maximum Biting Forces
and Pressures’

TABLE 2

Gray Squirrel Maximum Biting Force

Ratio Biting

Boﬁy Weight Biting Force Biting Pressure Force to

S(1bs.) (lbs.) (lbs./in2)* Body Weight
% = 1.32 2.89 22,245 2.23
g = 0.17 0.35 2,679 0.40
Max. = 1.61 3.30 25,385 2.94
Min. = 1.02 2.29 17,615 1.46
Range = .59 1.01 7,770 1.48

*Based on mean maximum biting surface area of
0.00013 in.2 for lower incisors.

Plains Pocket Gopher Maximum Biting Force

®="_ 0.42 0.92 18,300 2.23
¢ = 0.08 0.13 2,525 0.43
Max. = 0.60 1.20 24,000 2.93
Min. = 0.30 0.71 14,200 1.48
Range = 0.30 .49 9,800 - 1.45

*Based on mean maximum biting surface area of
0.00005 in.2 for lower incisors.

Worway Rat Maximum Biting Force

X = 0.66 10.95 . 7,115° - 1.54
o = 0.20 <0.26. 1,955 0.55
Max. = 1.01 1.56. . 11,642, 3.00
Min. = 0.40 0.67 .5,0000, ©0.76
Range = 0.61 0.89 : 6642 . 2.24

;———————————- ] . N - 8 ’ -
Based on mean maximum biting surface area of
000013 in.2 for lower incisors. 2

The squirrel produced -the greatesﬁfbiting
pressure (22,000 1bs./in.2) followed by the
gopher-(lB,OOOilbé./in.z) and the rat (7,000
ibs./in.2). Also, the biting force of :the
squirrel (3 1lbs.) was about three times great-
er than that of the gopher or rat. “However,
the surface area of the squirrel's lower inci-
sors was almost twice as great asvthe‘gopher's
and this appreciably decreased their biting
pressure. The mean biting force to body
weight ratio was identical for the squirrel
and gopher and about 50 percent greater than
that of the rat. )

The pressure exerted by any of the three
species on wire and cable sheaths (metal
shield/armor and plastic jacket) under field
conditions could be several times greater than
that reported here. It would depehd upon the

angle of the animal's head as it relates tos . i
the amount of incisor surface area contacgtiy
the sheath. For example, the area-of five
contact points of lower incisors total .000;
in.2; however, the gopher could exert 0.93°
pounds force using only one of the points.

Therefore, the biting pressures reported; her
in are considered to be conservative values,:

Gnawing Action

During the course of this experiment, it~
was observed that the gnawing ‘action of. the"
rodents seldom approached the maximum forces:.;
reported here. Usually the gnawing action..-..
consisted of very rapid bites, up to six
second, the magnitude of which was one-ha!
less of the maximum force (Figure 6).

li-"h‘l.

Gopher Biting Frequency and Force
FIGURE 6

It appeared highly probable that this
gnawing action was more frequently used to
penetrate sheaths than a series of strong
singular bites. Therefore, the biting rate
(bites per second) resulting in a wear action
and the persistence of attack may be equally
important as the maximum force exerted, espe-
cially in damaging materials that are as hard
or harder than the incisors. Gnawing action
and incisor hardness were examined against
sheath penetration evidence to establish the
principle mode of mechanical failure.

Discussion

aAs described in the preceeding garagraph,
the gnawing action of the rodents consiéted of
very rapid bites at a maximum rate of six per
second and an average rate of 1.5 per second.
If each rodent did nothing but gnaw continu-
ously at the average rate, then 900,000 bites
could be inflicted on any wire or cable speci-
men during the vstaridard" seven day cage test.
(During this test, ten specimens are exposed
for seven consecutive days to each of ten
individually caged rodents. The rodent has
access to the horizontally mounted specimen
through a 2 inch x 2 inch opening in the front
of the cage. Wire or cable designs are judged
rodent resistant if at least 80 percent of the
test specimens are not penetrated through the
armor/shield.)
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. Our laboratory observations and measure-
ents indicate that the gopher is actively
nawing approximately 10 percent of the time
90,000 bites), the squirrel 5 percent of the

- pime (45,000 bites) and the rat 2 percent of
. 'the

time (18,000 bites). Based on the: above
‘y cycles and past experience, the seven
‘day.,criterion is a reasonable one for. gopher

" tests: -However, it should be .extended to 14

days for squirrel tests and 35 days for rat
tests for comparable biting activity.

) An examination of rodent sheath damage
was; made-'in order ‘to associateé the damage or
faidure modé with biting pressure, biting
frequency and incisor hardness. Those sheath
: als- that Were-completely penetratéd and

sheath, -plastic and metal, which were dis-
lodged by the rodent. These materials were
rated as failures: by cutting wear. The ratio
of incisor/material hardness and frictional
force are associated with this type wear.

Those sheath materidls that either re-
sisted penetration or exhibited penetration
without the evidence of residue chips were
rated damaged or failures by deformation wear.
Gnawing frequency and material toughness, the
latter characterized as the product of ulti-
mate tensile Strength of the material By the
strain at fracture, are associated with this
type wear. ‘ »

In the following paragraphs, whenever
rodent’ 'damage is ‘mentioned, it refers to
either gopher or squirrel damage to small size
(0.2 inch to:0.4 inch diameter) buried wire
structures. The degree of damage caused by
gophers and squirrels is similar. Since rats
are not a major cause of damage to ‘communica-
tion wire and cable, no specimens were exposed
to them. We would expect similar types of
damage from the rat. The rat biting data may
be of use to those concerned with protecting
foodstuffs.

Proposed Sheath Failure Modes

Failure by Cutting Wear

During cutting wear, a hard particle or
rough edge cuts a chip from the wearing sur-
face. The rough edge in our case is the ro-
dent's incisors. 1If a chip is cut, then very
high rates of wear will result. For this type
wear to occur, the cutting agent must have a
hardness greater than 1.2 times the material
being cut and must have a cutting angle with
the wearing surface which is greater than ec.°
The angle 8¢ is defined as follows:*!?

taN (00-90°) =~ Lout

2y
where 8. = critical angle for cutting
: P = friction coefficient.

A tabulation of these conditions for
aluminum, annealed copper, lead, polyethylene
and poly (vinyl chloride) sheath materials is
contained in Table 3.

ed discontinuous-yielded small chips of -

TASLE 3

Shore D Ratio .
Incisor/Substrate My 0c Hardness Incisor/Substrate
Interface _ . {Substrate) “Hardaess
Gopher/ flexible PVC 0,77 104.8° 32 2.97
Gopher/ iL.D. polyethylene ,0.64 114.8 45 2.11
Gopher/lead 0.68 111.6 70 1.35
Gopher/annealed copper 0.34 142.4 79 ' 1.20
Gopher/aluminum(soft) 0.48 128.7 80 . 1.19

- The hardness ratios of annealed copper
and aluminum are borderline with respect to
the critical value of 1.2, but experimental
error can account for the required margin. B
Figure 7 shows the gopher incisors are capable
of assuming the position of a cutting tool
with the required range of critical angles.

ONE INCH

AGURE 7

Kinetic coefficient of friction (ukx) be-
tween the incisors and substrates was measured
in accordance with ASTM D 1894-63 Standard
Method of Test for Coefficient of Friction of
Plastic Film except for the following change.
Three rodent incisors were mounted in tripod
fashion on a separate rubber pad and placed
beneath the sled.  The weight of the rectangu-
lar sled was 200.5 grams and the weight of
gopher incisors plus rubber pad was 12.7
grams.

The Shore D Durometer Hardness Tester per
ASTM Standard D 2240 was selected because its
30° spherocone indentor with 0.004 inch radius
simulated the sharp rodent incisors better
than other type hardness testers.

It has been well known that the relative-
ly soft metals and plastics listed in Table 3
are susceptible to rodent penetration, but a
failure mode was not previously assigned. A
cutting wear mode is now proposed.

Failure by Deformation Wear

. The relatively hard metal sheaths, such
as tin plated steel, austenitic and ferritic
steels, and certain copper alloys, have Shore
D hardness values ranging from 90 to 95 and
incisor/metal hardness ratios ranging from
1.00 to 1.05. These ratios are well below the
1.2 level required for cutting wear.
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Examination of these metal surfaces after
gseven day gopher exposure tests revealed the
presence of wear tracks. Examples of wear
tracks of varying degrees on several of the
above metals are shown in Figures 8-11.

CDA 220 Bronze Armor (.005" thick, 1/4 hard) Type 430 Stainless S
On l1-Pair 19 AWG Rural Distribution Wire annealed) on l-Pair 19 AWG Rural
Distribution Wire
FIGURE 8 =7 : :
FIGURE 11
This physical evidence suggests damage
deformation wear. "Deformation wear consis
of the continual plastic working of a surface
until cracks form, grow, coalesce, and a wea
particle is produced."° Under conditions’ ...
where stresses are high, wear tracks are pro-
duced and particles are dislodged from the -
edge of the wear track. Although no direct.. ..
correlation has been established for metals,
specialists in the field of wear agree .that
high toughness is necessary to resist deform
tion wear. It will be shown that such is the
case for rodent gnawing action on certain
metals.

A metal sheath material that has consis- .-
tently resisted gopher and squirrel penetra-
tion in the laboratory and in service (in the
absence of corrosion damage) is .006" thick
Terneplate (tin plated steel). Its hardness,
tensile strength, elongation, and toughness
.index number are compared to other armor/

CDA 220 Bronge Armor (.005" thick, 1/4 hard)  shield materials in Table 4.
On 1-Pair 19 AWG Rural Distribution Wire '

TABLE 4
FIGURE 9
- Tensile

shield Shore D Strength € Toughness
Material Hardness (P.5.1.) {in/in) Index (T) .
CDA 220
Bronze - 1/2 hard —— 52,000 0.11 5,720

- 1/4 hard 94 45,000 0.25 11,250
CDA 195 - 80,000 0.15 12,000
Precipitation
Temper Copper Alloy
Terneplate 94-95 54,000 0.26 14,040
CDA 220 93-94 48,600 0.34 16,525
Bronze - “1/4 hard®
Stainless Steel 95 80,000 0.26 20,800
Type 430
Stainless Steel 95 112,000 0.29 32,480
Type 304

Type 304 Stainless Steel Armor (.003" thick,
annealed) On l1-Pair AWG Rural
Distribution Wire

FIGURE 10
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One of several methods of evaluating
toughness is to calculate the toughness index
pumber (T).!! It is obtained by multiplying
ultimate tensile strength of the material by
the strain at fracture (T = U.T.S. x €).
Toughness is expressed as the amount of energy
absorbed per unit volume of material, normally
in pound-force-inches per cubic inch.

It can be seen from Table 4 that, in
general, the various steel materials have
superior toughness as compared to the copper
alloys. However, ome lot of copper alloy
yielded a toughness index somewhat greater
than that of tin plated steel. The data was
taken on shield materials after processing
into completed wire to allow for work harden-
ing effects, particularly in the case of Type
304 Stainless Steel.

If the toughness index is a reliable in-
dicator of the resistance to deformation wear
caused by rodents, then there must be a corre-
lation between increasing toughness and im-
proving performance in the cage tests. A
comparison of relative performance is shown
in Table 5.. In order to emphasize the effects
of shield thickness and minimize the effects
of width, the toughness index was modified as
follows:

Ty = T(w x t)
T}y = U.T.S. x € (w x t)
T; = B.S. x €
where
w = 0.200", an arbitrarily small width
equal to that of two gopher incisors.
t = metal sheath thickness, inches.
U.T.S. = Ultimate tensile strength (psi)
B.S. = Breaking strength, (lbs.)
= gtrain, (in./in.)
Ty = Modified toughness index

Shield width per se, short of enclosing
the underlying core, does not contribute to
rodent resistance, but is a necessary compo-
nent of toughness - hence, the selection of a
constant arbitrarily small width.

TABLE 5

One or Two Pair Buried Distribution or Scrvice

Wire With Helically Applied Shield

. Breaking Cager Test
Shield Thickness Strength € Percent
Material ’ tinch) (1bs) in/in) Ty Surviving'?
CDA 220 Bronze

1/2 haxd .005 52 -11 5.7 10
1/4 hard .005 45 .25 11.2 37
CDA 195 Precipitation 005 80 .15 12,0 20
Temper Copper Alloy
Stainless Steel
Type 430 Annealed .003 48 .26 12.5 30
CDA 220 Bronze
"1/4 hard" .005 48.6 - 16.5 80
Stainless Steel
Type 430 Annealed .004 64 .26 16.6 20
Terneplate, Annealed .006 64.8 26 16.8 100
Stainless Steel
Type 304 Amealed .003 67.2 .29 19.5 100
Stainless Steel 005 112 .29 32.5 100

The relationship between Tj and percent
surviving specimens is more easily determined
from Figure 12. A correlation of impréving
performance with increasing toughness is '
apparent. The cut-off point of minimum ac-
ceptable performance is quite sharp at Ty =
16.5.

100

90

701
60}

50

CAGE TEST-PERCENT SURVIVING

2 4 6 8 10 12 14 16 18 20 32
MODIFIED TOUGHNESS INDEX (T,}
FIGURE 12

.

Conclusions and Recommendations

Two modes of sheath failure resulting
from rodent gnawing action have been proposed.
First, relatively soft materials such as flex-
ible vinyl plastic, polyethylene, aluminum,
lead and annealed copper fail by cutting wear.
Small chips of these materials are dislodged
by the rodent's incisors. The key factors are
an incisor/substrate hardness ratio greater
than 1.2 and an incisor cutting angle with the
wearing surface which is greater than 6c. The
angle 6¢ is a function of the coefficient of
friction between the interacting surfaces.
Presently, there is no practical economical
way to impart rodent resistance to these soft
materials short of physical isolation.

Second, the relatively hard materials
such as stainless steel, tin plated steel, and
certain copper alloys ultimately fail by de-
formation wear. It involves the continual
plastic working of a surface until cracks
form, grow, and a wear particle is produced.
The key factor is material toughness which is
expressed as the product of ultimate tensile
strength and strain at fracture. A modified
toughness index, the product of breaking
strength and strain at fracture, is used to
further evaluate material thickness effects.

The following guidelines are recommended
for selecting rodent resistant armor/shield
material for wire or cable. Select a material
which will yield a Shore D Hardness of %94 and
a toughness index equal to or greater than
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14,000, preferably after processing into com-
pleted product. Adjust the thickness (keeping
width constant at 0.200 inch) such that the
modified toughness index will be equal to or
greater than 16.5.

While these guidelines will provide ac-
ceptable rodent resistance with reference to
the seven day cage tests,-a higher index and
greater margin of safety may be desirable for
special situations. Depending upon the metal
selected, adjustments to thickness may be re-
quired to compensate for corrosion wear and
the need for low d.c. resistance to minimize
the effects of inductive interference and
lightning surge currents.

References

1. W. E. Howard, "pests of Pocket Gophers
Gnawing Electric Cables," The Journal of
wildlife Management, Vol. 17, No. 3,

July 1953.

2. B. F. Lizell, J. S. L.. Roos, G. R. Bjorck,
vrodent Attack on Rubber and Plastic
Insulated Wires and Cables," Proceedings
of the Seventh Annual Wire and Cable Sym-

© posium, December 1958.

3. R. A. Connolly, N. J. Cogelia, "The Gopher
and Buried Cable," Bell Laboratories
Record, April 1970. )

4. R. Baboian, J. R. Hartley, E. D. Hyman,
"High Strength Corrosion Resistant Clad
Metal Shielding for Telephone Wire and
Cable," Proceedings of the 23rd Interna-
tional Wire and Cable Symposium, December
1974. - i

5. N. J. Cogelia, "purometer Hardness of
various Wire and Cable Armoring and Jack-
eting Materials," unpublished Bell Labor-
atories document, February 1968.

6. N. J. Cogelia, *a Device for Measuring
Rodent Biting Force," unpublished Bell
Laboratories document, May 1969.

7. J. F. Glahn, G. K. LaVoie, "Estimated Bit-
ing Pressures of the Plains pPocket Gopher
(Geomys Bursarius), The Norway Rat (Rattus
Norvegicus) and The Gray Squirrel (Sciurus
Carolinensis),” unpublished Bell Labora-
tories Document prepared under contract to
the wildlife Research Center, penver, Colo.

8. M. B. Peterson, Maj-Britt K. Gabel, Martin
J. Devine, "Understanding Wear," ASTM
standardization News, September 1974.

9. A, J. Sedriks, T. 0. Mulhearn, "Mechanics
Oof Cutting and Rubbing in Simulated Abra-
sive Processes," Wear, vol. 6 (1963), PP-
457-466.

10. A. J. Sedriks, T. O. Mulhearn," The Effect
Of Work-Hardening on the Mechanics of Cut-
ting in Simulated Abrasive Processes,"
Wear, Vol. 7 (1964), ppP- 451-459.

11. J. E. Shigley, Mechanical Engineering
Design, 2nd Edition, McGraw-Hill Book
Company, PP- 192-193.

12. R. A. Connolly, N. J. Cogelia, R. E- Land-
strom, G. K. LaVoie, "Gopher and Squirrel
Wire and Cable Cage Test Results," 1967-
1975, unpublished RBell Laboratories
documents.

124

Nicholas Cogelié

Nicholas Cogelia has been with Bell
oratories since 1956. His work involves
design and development of aerial, buried a
station wire and cable. He received a B.
pegree from Loyola College of Baltimore. and
has two patents related to aerial and stati

Keith LaVoie
Denver Wildlife
Research Center

Denver, Colorado -

Keith LaVvo 15 a Wildlife Biologist with
the U. S. Fish and Wildlife Service, Denver
Wwildlife Research Center. Keith was born in
Denver, Colorado June 25, 1934. He is a grad-
uate of the University of Colorado. He served
as a medical technician with the U. S. Army
in Leipheim, Germany for three years. He
started his career with the Service in 1957 as
a laboratory technician. Keith has worked
primarily with rodent problems in agriculture
and industry, and spent two years studying ro-
dent damage to rice at the Rodent Research
Center in the Philippines. Keith is the Pro-
ject Leader of the Industrial Rodents Project
at Denver. He is married and has two children.

5

James Glahn
Denver Wildlife
Research Center
penver, Colorado

Jim Glahn is a wildlife Biologiéf with
the U. S. Fish and Wildlife Service, Denver
Wildlife Research Center. Jim was born in
Blue Island, Illinois October 29, 1945.
Undergraduate studies were completed at Cor-
nell University and graduate studies at Color-
ado State University. He served with the U.S.
Army in Munich, Germany for two years as a
medical laboratory specialist. BHe began his
professional career with the Service in ‘Sep-
tember 1972. He is currently the Project
Leader at the Fresno Field Station dealing
with rodent problems in agriculture. Jim is
married and has two children.




