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1. Purpose. This Public Wrks Technical Bulletin (PWB)
transmts | aboratory, field, and observational data obtained
from eval uation of several |low inpact tires currently being used
by | and managers on several installations.

2. Applicability. This PWB applies to all US. Arny facilities
engi neering activities.
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4. Discussion.

a. AR 200-3 requires that installations be good stewards of
| and resources by controlling sources of dust and hydrol ogi ca
erosion fromfacilities to prevent damage to the | and, water
resources, and equipnment. The Sikes Act al so has provisions for
no net loss of training lands through mlitary training inpacts.
The Cl ean Water Act (CWA) and Cean Air Act (CAA) al so have an
impact on the way the mlitary trains. To ensure conpliance
with CWA and CAA the mlitary tries to reduce their foot print
in ways that reduce sedinents and airborne dust generated during
training activities. Prograns such as Land Rehabilitation and
Mai nt enance (LRAM) and Land Condition Trend Analysis (LCTA) have
been established to help neet conpliance requirenents. These
prograns can affect the land for which they are stewards, so
managers are using off-the-shelf technologies to reduce their
footprints and inpacts with products such as | owinpact tires.

St udi es and eval uati ons were conducted for the eval uation of
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several commonly used | ow-inpact tires to help determne if the
tires will be beneficial to groups such as LRAM and LCTA.

b. Laboratory Hard Surface, Soft Surface, and Pl unger
studi es were conducted on three |owinpact tires (Interco Trxus,
M ckey Thonpson BAHA Belted HP, Kevlar Dick Cepek F-C) and the
results were conpared with a standard, currently used mlitary
tire (Goodyear Wangler M. Laboratory tests include
deflection, rutting, footprint, and plunger studies at pressures
rangi ng from 10-30 psi and | oads ranging from 600 to 2,000 |b.
Differences were observed in tire performance (defl ection,
footprint area, rut depth, and conformability) relating to
envi ronnmental inpacts such as rutting and conpaction, off-
roadi ng capabilities, and | ongevity of tire life.

c. Field tests were al so conducted at Yuma Proving G ounds,

AZ and Canp Atterbury, INon three of the |ow-inpact tires used
in the | aboratory tests, with a range of comonly used mlitary
vehicles. Field tests indicated that there were differences
between tire performances. The field tests included the
fol | ow ng:

i. Driving single tires over a plunger and measuring
pl unger depth to illustrate conformability of the tire.

ii. Driving the nodified MLOO8 (CUCV) in a straight line
at various tire pressures to determne rutting depth and
di stribution w dth.

iiti. Driving the MLO87A1 (HMMAW) in spirals to determ ne
differences in rutting depth, disturbed width, soil conpaction
during various turning radii and speeds.

iv. Driving a nodified MLOO8 (CUCV), M98 (HMWW), and
MLO25 (HUWEE) in spirals as with iii on vegetated areas. This
i ncl uded measurenents of vegetative inpacts.

d. Appendi x A contains the introduction which explains the
i nportance of the lowinpact tire evaluation to the Arny’s
environmental program Results of this study do indicate a
di fference between tires, but it is necessary to obtain
perm ssion fromthe fleet nanager to use alternative tires on
gover nnent vehi cl es.

e. Appendix B provides the literature review process used
for both | aboratory and field studies.



PWIB 200- 3-28
29 Cct ober 2004

f. Appendi x C contains |aboratory procedures and results for
the follow ng tests:
i. Hard Surface Test (Deflection & Footprint)
ii. Soft Surface Test (Rutting)
iii. Plunger Test.

g. Appendi x D contains procedures and results for the
following field tests:
i . Plunger Drive-COver Tests
ii. Rutting Tests
iii. Vehicle Spiral Tests in Sand
iv. Vehicle Spiral Tests Over Vegetation.

5. Points of contact. HQUSACE is the proponent for this
docunent. The POC at HQUSACE is Mal colmE. MLeod, CEMP-II
202-761-0632, or e-mail: mal col me.ntl eod@sace. arnmy. ml.

Questions and/or comments regarding this subject should be
directed to the technical POC

U.S. Arny Engi neer Research and Devel opnent Center
Construction Engi neering Research Laboratory

ATTN. CEERD-CN-E (Heidi R Howard)

2902 Newmark Drive

Chanpaign, IL 61822-1072

Tel.: (800) 872-2357, ext 5865
FAX: (217) 373-7266
e-mail: heidi.r.howard@rdc. usace.arny. ml

6. PWB authors/contributors. Heidi Howard, Al an Anderson,
Patricia Kenme, ERDC-CERL; Paul Ayers, Q nghe Li, Adam Fi scor,
Tammy Cheung, Paul Troutt, Mark Bacon, Departnent of Bi osystens
Engi neering and Environnental Science, University of Tennessee
at Knoxville; Valerie Morrill, Yuma Proving Ground, MO, WIIliam
Cchsner, Canp Atterbury, IN.

FOR THE COVMANDER:
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DONALD L. BASHAM P. E

Chi ef, Engi neering and
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Appendi x A: I ntroduction

Under the Sikes Act, Arny Regul ation (AR) 200-3, Executive Order
(EO 13112, the Cean Air Act, and the C ean Water Act
installations are required to maintain a healthy, no net |oss
environment. As such, it is vital to determ ne when and where
negative inpacts on soil, water, plant and animal conmunities
are occurring. This know edge i s gained through nonitoring
prograns such as Land Condition Trend Analysis (LCTA).

Low | npact Environnentally Friendly (LIEF) tires could
potentially allow natural resources personnel to limt vehicle
inmpacts to installation | ands during nonitoring activities.
LIEF tires, with the ability to conformto a hard surface and
distribute the vehicle’s weight nore evenly, nmay cause |ess
damage when driving over natural |andscape. The U. S Fish and
Wldlife Service in Arizona is currently using LIEF tires and
has experienced a significant reduction in blow outs and
observed |l ess track and rutting damage conpared to standard off -
road tires. However, little quantitative information on the
effect of LIEF tires on natural vegetation and soils is
avail abl e.

Yuma Proving Gound (YPG, AZ nonitors sensitive sites as part
of the installation s Integrated Training Area Managenent (I TAM
program LCTA nonitoring protocols have been inplenented to
nmoni tor selected sites. LCTA nonitoring plots are permanent
plots that are periodically renmeasured. Repeated access to

t hese permanent neasurenent plots potentially results in vehicle
inpacts to areas that the installation is trying to protect from
nontraining inpacts. YPGlimts access to sonme sensitive sites
to 5-year intervals so as to limt potential LCTA vehicle
impacts. This 5-year sanpling interval is too infrequent for
some habitats and species of interest, i.e., cryptogam c crusts
or gopher tortoise (Gopherus polyphenus). LIEF tires m ght
reduce the inpact of LCTA vehicle traffic in sensitive areas,
thereby allowi ng a nore frequent sanpling schedul e.

To eval uate the hypothesis that LIEF tires reduce vehicle-

i nduced site inpacts, a study was conducted to conpare the
potential inpact of LIEF to the conventional tires used on the
H gh-Mbility Miltipurpose Weel ed Vehicle (HWA/). Two sets of
LIEF tires were tested in 2001 at YPG and Canp Atterbury, IN,

" John Morgart, U.S. Fish and Wldlife Service, personal communication, 2003.

A-1
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using a HMWW. The locations are in very different areas or
ecoregions. YPGis in Arizona where nmany highly sensitive and
fragile habitats that support Threatened and Endangered Species
(TES) require nonitoring under the National Environnental Policy
Act (NEPA) and AR 200-3. Also, soil noisture is usually very
low, with annual precipitation of 2.94 inches per year. Canp
Atterbury represents fairly resilient grassland and woodl and
habitats due to a higher rainfall anount (42 inches per year)
and nore fertile soils. The two areas allow LIEF tires to be
evaluated at sites with diverse characteristics.

During field testing, observational evaluations indicated that
the LIEF tires caused fewer site inpacts. The observati onal
data agreed with YPG Arizona Boarder Patrol, and Arizona Fish
and WIldlife Survey personnel observations. All organizations
noti ced | ess vegetati on danage and decreased tire rutting. The
LIEF tires had additional benefits of increased riding confort
(conformability) and reduced incidence of flat tires. These
addi tional benefits appear to be the result of the tire's
ability to conformto soil surface features. Both |aboratory
and field analysis indicated statistically significant

di fferences (Appendix C & D) between the conventional and LIEF
tires. However, biologically nmeaningful differences in tire

i npacts could not be verified fromthe studies.

Witten permi ssion fromfleet nmanagers nust be obtained for
gover nnment vehicles before purchasing and installing tires other
than outlined in the General Services Adm nistration (GSA)
schedul e. When installing and using tires, follow nanufacture
instructions, specifically for paved and nonpaved dri ving
surface optimal tire pressures.
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Appendi x B: Review of Literature

Tires differ in their potential environnental inpacts based on
tire carcass stiffness, lug size and |locations, and tire size.
Changes in these paraneters as well as tire load and inflation
pressure can affect tire-terrain inpacts.

Research on tire inpact of soil and vegetation has been
conducted in a variety of aspects. Carrow (1989) studied
turfgrass wear affected by golf cart tire design and traffic
patterns. He assessed the wear danage by visual turf quality,
color, verdure and |leaf bruising. Three traffic patterns —
sem -circular, sharp turn, and straight-line —were discussed in
his paper. Hi s study shows that differences in wear injury
between the tire designs did occur, but were mnor in nost
instances. Traffic distribution and sharpness of turns is nore
i nportant than type of car or tire design in mnimzing wear of
gol f course turf.

Anot her turf danmage study was conducted by Arthur (1996). He
researched the influence of turf tire sipe density on turf
damage. Different fromthe damage neasurenent nethod used by
Carrow, Arthur's nmethod used six turf |eaves to exam ne their
damage severity after each test. Danage was recorded as a
percent age of the actual blade area, but Arthur did not find any
statistical conclusion regarding turf damage.

A study of soil conpaction on a heavy clay states that soi
conpaction of a single pass of a manure spreader was confined in
the depth fromO to 250 mm which is within the tilled |ayer
(Bedard et al. 1997). Bedard neasured both soil dry bulk
density and cone index (Cl) to evaluate conpaction. If the

wei ght of spread was added to 154 kN, representative of a ful

| oad, soil conpaction could exceed the depth of the tilled

| ayer.

The peak soil-tire interface stresses on the lug, |ug being
defined as the portion of the tire that extends into the soi

for the purpose of devel oping traction (ASAE S296.4), of atire
can be affected by both dynam c |oad and inflation pressure
(Raper 1994). Raper developed a finite elenent nodel and then
used the peak soil-tire interface stresses to exam ne the depth
and degree of predicted soil stresses. He suggested that, to
limt soil compaction, both dynamc |oad and tire inflation
pressure should be optim zed.
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As soil noisture increases up to saturation, soils typically
becone nore conpressi ble and susceptible to soil conpaction
Soi | conpaction increases density, thus decreasing root
penetration and hydraulic conductivity. In order to reduce
excessi ve subsurface soil conpaction, the dynam c |oad needs to
be reduced as the subsurface noisture increases. Excessive
surface soil conpaction can be avoided by reducing the tire
pressure in noist conditions. The optiml anmunt of dynam c

| oad and tire pressure reduction needed is deternm ned by the
constitutive soil properties (conpressibility).

G 1l and Vandenberg (1962) evaluated the effect of inflation
pressure on the pressure distribution of the tire footprint.
Lower tire pressures generated lower tire footprint pressures
and a | arger contact area, so the tire contact wdth increased
with lower tire pressures.

Sohne (1958) evaluated tire weights and pressures on theoretical
subsurface stress distribution. At the sane pressure, but with
hi gher weights (loads), |arger and deeper subsurface stresses
were generated. Increasing the tire pressure increased the soi
surface pressures.

The effect of tire inflation pressure on the tire vertical
stiffness was investigated by Kising and Gohlich (1989). Hi gher
inflation pressures and |arger tires generated higher tire
stiffness.

Li nes and Murphy (1991) determ ned the variation of vertica
danping rate for five different off-road tires. Danping
coefficients varied threefold for the different tires because of
tire carcass configurations.
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Appendi x C. Laboratory Tests

Tires Tested . ... ... e C1
Hard Surface Test . ... ... . . . e e e e e C2
Soft Surface Test ...... .. ... C- 13
Plunger Test . ... ... e C-19

The University of Tennessee Bi osystens Engi neering and Environ-
ment al Sci ences Departnment conducted | aboratory tests on four
different tires to determ ne deflection characteristics, rutting
potential, and tire conformty. Deflection characteristics were
obt ai ned through hard surface tests, which neasured deflection
at various pressures. The results fromthe soft surface tests
conducted on a constant sinulated soil material (polyethylene)
were used to describe the sinkage or rutting potential for each
tire. Finally, tire conformty was determ ned through the

pl unger tests in which each tire was pushed down over a standard
size plunger. For each test, the tire pressure ranged from 10
to 30 psi and the applied | oads ranged from 600 to 2,000 |b.
Tire footprint area was determned in the deflection tests by
measuring the width and I ength of tire contact area.

Tires Tested

The tires tested are shown bel ow. Note the different maxi mum
pressure and | oad for each tire, indicating possible different
operating conditions for the tire when nounted on the vehicles.

Tire — Interco Trxus
Size - 33 x 13.50 - 16 LT
Maxi mum Load - 2,800 | b
Maxi mum Pressure - 45 psi
Load Range - D
Ply Rating - NA
Tread Ply - 6-ply polyester
Sidewall Ply - 4-ply polyester
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Tire — M ckey Thonpson BAHA Bel ted HP
Size - 33 x 12.50 - 16 LT
Maxi mum Load - 2,755 | b
Maxi mum Pressure - 45 ps
Load Range - D
Ply Rating - NA
Tread Ply - 4-ply poly + 2-ply fiberglass belts
Sidewall Ply - 4-ply poly

Tire — Kevlar Dick Cepek F-C
Size - 38 x 15.50 - 16.5 LT
Maxi mum Load - 3,275 | b
Maxi mum Pressure - 30 psi
Load Range - C
Ply Rating - A
Tread Ply - 4-ply poly + 2 ply Kevl ar
Sidewall Ply - 4-ply poly cord

Tire — Goodyear Wangler MI (Standard Mlitary Tire)
Size 37 X 12.5 - 16.5 LT
Maxi mum Load - 3,850 I b
Maxi mum Pressure - 50 psi
Ply Rating - 6
Tread Ply - 4-ply (2 poly and 2 steel)
Sidewall Ply - 2-ply poly cord

Hard Surface Test

Each of the four tires was tested to neasure deflecti on and
footprint area at 600-2,000 Ib in 200-1b increnents at pressures
ranging from10 to 30 psi in 5-psi increnents. The pressures
were nmeasured with an Interconp el ectronic pressure gage
(I'nterConp, Inc., Lauderdale By the Sea, FL). The tire was

pl aced on the Interconp Tire Tester with a one-quarter-inch
thick 18 x 18-inch steel plate for the contact surface (Figure
Cl). The plate was marked with a grid to neasure the footprint
ar ea.
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Figure Cl. Hard surface test

The foll owi ng test procedure, as reconmrended by Interconp, was
conducted. The load cell was zeroed with no contact with the
tire. The jack was noved up until there was a 10-1b |l oad on the
tire and the electronic ruler was zeroed. The jack was then
moved up one-tenth of an inch and allowed to settle for 3

m nutes. The jack was again noved up until a 600-Ib | oad was on
the tire. A footprint and deflection neasurenent was made. The
defl ecti on was neasured using the electronic ruler on the tire
tester. The footprint was neasured by placing a thin plastic
ruler as far under the tire as it would go. The |length and

wi dth were then read fromthe grid on the steel plate.

After the nmeasurenents were nade, the jack was noved up to

i ncrease the load by 200 Ib. Deflection and footprint measure-
ments were then repeated on the tire. After neasurenents were
made up to 2,000 | b, the load was rel eased, the tire pressure
was adjusted, and the process was repeated for another tire.

The footprint area was assuned to be an ellipse (Figure C2), and
the area was cal cul ated using the formul a:

Area (A) = Length (L) * Wdth (W * 0.78

The data were anal yzed by plotting the footprint area and

defl ection versus load for each tire at the different pressures.
The tires were conpared al so by plotting the footprint area and
deflection load with the pressure constant.

Cenerally, the tire deflection increased with increasing |oad
and decreasing tire pressure for all of the tires (Figures C3
t hrough C6).
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Figure C3. Baha tire deflection.
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Figure CG5. Wangler tire deflection.
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Figure G. Trxus tire deflection.

Conparing all of the tires at a single pressure, it was noted
that the Wangler, a radial tire, exhibited the highest tire
deflection, followed by the Trxus, for all test pressures. The
Kevl ar and Baha tires exhibited the | owest deflections (Figures
C7 through Cl11). Higher tire deflections indicates a possible
weaker side wall (2 ply conpared to 4 ply). However, weaker
sidewal I s do not necessarily influence terrain inpacts.
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Figure C7. Tire deflection at 10 psi.
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Figure G8. Tire deflection at 15 psi.
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Figure Cl1. Tire deflection at 30 psi.

As with the deflection results, the footprint area for each tire

al so increased with increasing | oads and decreasing tire
pressure (Figures Cl2 through C15).

2000
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Figure C13. Kevlar tire footprint.
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Figure C15. Trxus tire footprint.

By conparing all of the tires at singular pressures (Figures Cl6
t hrough C20), the Kevlar tire exhibited the | argest footprint,
but this finding was | ess pronounced at |ower tire pressures.
The Baha tire exhibited the smallest footprint, although |ess
pronounced at higher tire pressures. Large footprint areas

i ndi cate hi gher anmounts of terrain inpacted, but generally | ower
average soil surface stresses.

C-10
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Figure C18. Tire footprint at 20 psi.
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Figure Q0. Tire footprint at 30 psi.

Soft Surface Test

Each of the four tires was tested to neasure deflection on a
soft surface at 600 to 2,000 Ib in 200-1b increnents at
pressures ranging from 10 to 30 psi in 5-psi increnents. The
procedure used was the sane as for the hard surface test except
the tire was placed on the Interconp Tire Tester with an 8-inch
thick 12 x 12-inch pol yethyl ene foam pad for the contact surface
to sinulate soil (shown in Figure C21).

| —

E?/1Eﬁ2ﬂ93‘;;1'

Figure Q1. Soft surface test.
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The defl ection neasured in the soft surface test is the total
defl ection, including the deflection of the tire and the foam
The total deflection was plotted versus load for each tire at
the different pressures and for the different tires at the sane
pressure. The foam deflection was found by subtracting the tire
deflection (found in the hard surface test) fromthe total
deflection. This foam deflection was plotted versus | oad for
each tire at the different pressures and for the different tires
at the sanme pressure. Foam deflection is an indicator of the
tire sinkage or rutting potential.

Simlar tire sinkage/rutting characteristics were shown by al
four tires (Figures @2 through C30). Tire rut depths generally
increased with increasing tire pressure, although |east obvious
wth the Kevlar tire. At the high pressures, 25-30 psi, the
Kevlar tire, being the widest of the four tires, exhibited

| ownest rut depth conpared to the other tires.

3.5
¢30 psi

’qwj 3.0 + o225 ps|
< o5} 220psi
c psi
Z 2.0
e
5 1.5
a 1.0
£ 0.5

O-o 1 1 1 1 1

400 600 800 1000 1200 1400 1600 1800 2000
Load ( pounds)

Figure Q2. Baha tire rut depth.
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Figure @23. Kevlar tire rut depth.
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Figure Q4. Wangler tire rut depth.

C-15



PWIB 200- 3-28
29 COct ober 2004

3.5
230 psi
'5 3.0 + o025 psi
o | 420 psi
2 2.5 B15 psi
— 2.0+ ®10 pSI
e
= 15
a 1.0
€ 0.5
O- O ) ) ) ) ) ) ) )
400 600 800 1000 1200 1400 1600 1800 2000
Load (pounds)
Figure @25. Trxus tire rut depth.
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Figure @26. Rut depth at 10 psi
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Figure Q7. Rut depth at 15 psi.
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Figure @28. Rut depth at 20 psi.
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Figure Q9. Rut depth at 25 psi.
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Figure C30. Rut depth at 30 psi.

C-18



PWIB 200- 3-28
29 Cct ober 2004

Pl unger Test

Each of the four tires was tested to nmeasure the conformability
of the tire over an object at 600 to 2,000 Ib in 200-Ib
increnents at pressures ranging from10 to 30 psi in 5 psi
increnents. Each tire was placed on the Interconp Tire Tester
with a steel plunger for the contact surface. The plunger was
4.5 inches in total height, 3 inches in dianeter, and the top
was a hem sphere with a radius of 1.5 inches as shown in Figure
C31.

Figure C31. Plunger test.

The | oad cell was zeroed with no contact with the tire. The
jack was noved up until there was a 10-1b load on the tire and
the electronic ruler was zeroed. The jack was then noved up
one-tenth of an inch and allowed to settle for 3 m nutes. The
jack was noved up until the load on the tire was 600 Ib. A

defl ecti on nmeasurenent was nade using the electronic ruler. The
jack was noved up to increase the load by 200 I b. After
measurenents were nmade up to 2,000 |Ib, the |load was rel eased,
the tire pressure was adjusted, and the process was repeated on
the other tires. The tire deflection onto the plunger was
plotted versus |load for each tire at the different pressures and
for the different tires at the sanme pressure.

Ceneral Iy, plunger deflection increased with increasing | oad and
decreasing tire pressure (Figures C32 through C40). The Trxus
tire exhibited the highest tire plunger deflection, and the
Kevlar tire exhibited the | owest tire plunger deflections.
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Hi gher tire plunger deflection indicates the ability of the tire
to conformor engulf an obstacle. Hi gher conformability
indicates nore tire tread on the terrain as the vehicle passes
over an object, producing | ess downward force on the obstacle.

n 7.0
g 6.0 © 30 psi
(&) 1 .
c . o025 psi
= 50} 420 psi / /
' . 815 psi / /
S 40} =10 psi e
g 3.0 ///;//;//;jjﬁ
= 2.0
a
o 1.0
.|: O-O T T T T T T T T
400 600 800 1000 1200 1400 1600 1800 2000
Load ( pounds)
Figure C32. Baha tire plunger deflection.
w 7.0
2
S 6.0 f1— ©30 psi 7
— 025 psi / @
1 50 T 220 pSl / /E'_/J/E/
5 401~ ook ~
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8 0 =
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F 0.0

400 600 800 1000 1200 1400 1600 1800 2000
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Figure C33. Kevlar plunger deflection.
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Figure C34. Wangler tire plunger deflection.
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Figure C35. Trxus tire plunger deflection.
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Figure C36. Plunger deflection at 10 psi.
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Figure C37. Plunger deflection at 15 psi.
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Figure C38. Plunger deflection at 20 psi.
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Figure &40. Plunger deflection at 30 psi.

C- 24



PWIB 200- 3-28
29 Cct ober 2004

Appendix D. Field Tests

Tires Tested ... ... D2
Plunger Drive-Over Field Tests......... ... . ... D-3
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ResUl 1S D3
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ResUl t S .. D5
Vehicle Spiral Field Tests ......... . .. . . . .. .. D-
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Yuma Proving Ground procedures. ...............oiuo... D14
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Canp Atterbury results ....... ... . . . . .. . D19

The following field tests were conducted on the four tires used
for the | aboratory tests.

1. The plunger drive-over tests consisted of driving single
tires over a plunger at slow speeds and neasuring plunger depth.

2. Rutting tests consisted of driving a vehicle in a straight
line at various pressures and neasuring rut depth and di sturbed
wi dt h.

3. Vehicle spirals over sand at YPG were neasured for rut depth
and di sturbed w dth.

4. Vehicle spirals over vegetation at YPG and Canp Atterbury
were neasured for disturbed width and vegetative inpacts.
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Tires Tested

The tires tested are shown bel ow and are the sane tires |listed
in Appendix C. Note the different maxi num pressure and | oad for
each tire, indicating possible different operating conditions
for the tire when nounted on the vehicles.

Tire — Interco Trxus
Size - 33 x 13.50 - 16 LT
Maxi mum Load - 2,800 Ib
Maxi mum Pressure - 45 psi
Load Range - D
Ply Rating - NA
Tread Ply - 6-ply polyester
Sidewall Ply - 4-ply pol yester

Tire - Mckey Thonpson BAHA Bel ted HP
Size - 33 x 12.50 - 16 LT
Maxi mum Load - 2,755 I b
Maxi mum Pressure - 45 ps
Load Range - D
Ply Rating - NA
Tread Ply - 4-ply poly + 2-ply fiberglass belts
Sidewall Ply - 4-ply poly

Tire - Kevlar Dick Cepek F-C
Size - 38 x 15.50 - 16.5 LT
Maxi mum Load - 3,275 | Db
Maxi mum Pressure - 30 psi
Load Range - C
Ply Rating - A
Tread Ply - 4-ply poly + 2-ply Kevl ar
Sidewall Ply - 4-ply poly cord

Tire — Goodyear Wangler MI (Standard Mlitary Tire)
Size - 37 x 12.5 - 16.5 LT
Maxi mum Load - 3,850 I b
Maxi mum Pressure - 50 psi
Ply Rating - 6
Tread Ply - 4-ply (2 poly and 2 steel)
Sidewall Ply - 2-ply poly cord

The ability of a tire to be driven over an obstacle (rock, etc.)
and the tire conform ng over the obstacle is desirable when
considering terrain inpact. Conformability (or ability to
change shape) allows the tire to naintain contact with the
ground when traveling over sone obstacles while reducing the
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| oad applied to the obstacles. Although | aboratory tests were
conducted to evaluate confornmability, plunger drive-over tests
were al so conducted to further evaluate tire conformty.

Pr ocedur e

The Baha, Trxus, and Wangler tires were placed on a 1996 Dodge
Ram 2500 and driven slowy over the steel plunger used in the

pl unger test. The Kevlar tire is a larger size and did not fit
on the vehicle. The weight on each tire was approximtely 1, 840
Ib. Each tire was tested at 30, 20, and 10 psi. Three runs
were made at each pressure. Sand was placed around the plunger
and a neasurenent was nmade of how close the tire got to the base
of the plunger while still on the ground. Each run was vi deo-
taped, and analysis of the video reveal ed plunger depth into the
tire and vertical axle novenent.

Resul ts

The Wangler tire produced the | owest anmount of conformability
when conpared to the Baha and Trxus tires. Higher axle rise
(Figure D1)and | ower plunger depth (Figure D2) were recorded at
all pressures, indicating the Wangler tire will ride up over
obstacl es, and not conform around the obstacle. This
observation could be due to the two steel belts in the Wangl er
tread. The other tires did not have steel belts. Lower plunger
depths were recorded for the drive-over tests, probably due to

t he dynamics of the test.

4
w
Q ——Baha /A_/—A
(&)
S 3} T Trxus _——
@ ——W angl er /5jgfﬁ:::::::::::::;’/’//u
n
T 5
o K//////
Z
o 1
2 &
g
<o . . . . ,

5 10 15 20 25 30 35

Pressure (psi)

Figure DIL. Axle rise for each tire.
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Figure D2. Plunger depth for each tire.Rutting Field Tests

Rutting is a common terrain inpact when vehicles travel off

road. The degree of rutting is influenced by tire pressure, size
and |l oad, and soil conditions. Rutting is nmeasured in terns of
rut width and dept h.

Pr ocedur e

The rutting field tests were conducted in March 2003 in Yums,
AZ. The Wangl er, Baha, and Trxus tires were nounted on a
nmodi fied MLOO9 Commercial Uility Cargo Vehicle (CUCV) and
slowy driven straight over a |loany sand soil. The tire
configurations are shown bel ow

Wangl er - 40 psi
Wangler - 20 psi
Baha — 24 psi
Baha - 15 psi
Trxus - 24 ps
Trxus - 14 psi

S0 hA~wWNE

Two runs were made with each of the six tire configurations.
Five rut wwdth and rut depth neasurenents were nade on both the
passenger and driver sides. Cone penetroneter and drop cone
nmeasurements were al so conducted to neasure the soil strength.
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Results

Figures D3 through D5 show the results. The Wangler tire at 40
psi exhibited the highest rut depth and | owest rut width at both
20 and 40 psi. Cenerally, rut depth increased as tire pressure
was increased. Rut depth and width tend to be a function of
tire pressure and tire size.

10

Rut Wdth (cm

o o

Tire

Figure D3. Average rut w dth.

(63}

D

w

N

=

Rut Depth (cm

o

Tire

Figure D4. Average rut depth.
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Figure Db. Average rut depth with increasing tire pressure.

The vehicle spiral tests were designed to conpare the field

i npact of the candidate LEIF tires with regular tires under
different dynamc conditions and different field surface
conditions. These field tests are required to determne if
differences in terrain and vegetative inpacts can be observed.
The LEIF tires were tested on both a sand test area and two
veget ati on-covered fields.

Vehi cl e dynami c properties, such as velocity and turning radius,
play an inportant role in the nmagnitude of disturbed width (Li
et al. 2003). The test vehicle can be operated in a series of
spirals at both high and | ow speed, so that the field inpact can
be conpared under different dynam c conditions. The spira

met hod was used to conpare the i npact characteristics of the
tires under different work conditions. To conduct a fair
conpari son between the candidate tires and the reference tire,
it isrequired to evaluate the i npact under the sane static and
dynam c vehicle conditions and the sane field condition.

Al though it is relatively easy to control the static test
conditions such as field condition, vehicle weight, and tire
pressure, the vehicle dynam c properties (velocity and turning
radius) are at the nercy of the test driver’s skill, and are
hard to control so that both spirals of the reference tire and
the candidate tire are uniform Therefore, to have valid
conpari son data, it is inportant to instruct the test driver to
drive the test vehicle in spirals as uniformas possible. The
vehi cl e dynam c properties (velocity and turning radius) are
derived fromthe global positioning system (GPS) tracking data
whi ch were used to track the novenent of the test vehicle. The
vehicle turning radius can be determ ned using a three-point
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28

turning radius cal cul ati on nethod (Haugen et al. 2000).
turbed width and i npact severity (anmount of vegetation renoved)
of each inpact type was neasured at each sanpling point.

depth and pile height were al so neasured.

D s-

Rut

The rel ati onshi ps

bet ween the magnitude of field inpact and vehicle turning radius

wer e det erm ned.

Based on these rel ati onshi ps,

the field inpact

of the LEIF tires was conpared with that of the regular tire.

Sand Inpact Field Tests

Pr ocedur e.
March 2003.

Goodyear tires was operated in eight spira

The sand i npact tests were conducted at YPG on 11
A HUMMAY nounted with the candi date Kevlar and

high (8 mis) and |ow (3 m's) speed.
hi gh- speed operations and two | owspeed operations as shown in
The Goodyear tire was the reference tire and the

Kevl ar, the | owinpact tire.

Tabl e D2
Tabl e
Soi | inpact

sand i npact

Sunnyval e,

GPS dat a.

D1.

patterns at both

Each tire setting had two

Tire and speed conditions for spiral
Spi r al Tire Speed
1 Kevl ar Low
2 Kevl ar H gh
3 Kevl ar Low
4 Kevl ar Hi gh
5 Goodyear | Low
6 Goodyear | Hi gh
7 Goodyear | Low
8 Goodyear | Hi gh

s, including disturbed wdth, pile width, and
depth, were neasured along the spirals. Figure D6 shows
in the fornms of both rut and pile. The GPS
positions of the vehicle were collected by using the Trinble
AgGPS 132 with Omistar differential
The GPS data were | ogged every second.
properties (velocity and turning radius) were derived fromthe

CA) .
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Fi gure D6.

Soi | sanples of each spiral

Uni versity, Fort Collins.

Sand i npact.

were col |l ected and anal yzed by the
Soil, Water and Pl ant Testing Laboratory at Col orado State
Table D2 shows that the texture of
the field is sand, which conposes nore than 95 percent of the

soil .

Tabl e D2. Soil analysis of the sand field.

Spiral No. | Mbisture|Sand |Silt | Cay| Texture
1 0.35 96 2 2 Sand
2 0. 25 96 2 2 Sand
3 0.22 98 0 2 Sand
4 0.52 97 1 2 Sand
5 0.24 95 3 2 Sand
6 0. 34 96 2 2 Sand
7 0. 37 96 2 2 Sand
8 0. 27 94 4 2 Sand

Aver age 0. 32 96 2 2
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The dynam c property of the soil was determ ned by drop cone
measurenent. Figure D7 shows the drop cone neasurenent data at
each sanpling point along spirals 4 and 8. The soil strength
property is very uniformalong the spirals, with the average
drop cone neasurenent of 10.8 cm

T 14
(8]

12
2 W
g 10 —
()
5 8
@ —*Spiral 4
g 6T |=spiral 8
2 4
o
(8]
o 2
o
5 0 : : : : : : :

0 2 4 6 8 10 12 14 16

Measur enent nunber

Figure D7. Sand field drop cone neasurenent.

Test vehicle. Figure D8 shows the HVMW test vehicle (nodel
nunber 1097Al). The candidate |owinpact tire is the

38/ 15.50X16.5 LRC Dick Cepek F-C Kevlar. The reference tire is
the 37/12.50R16.5LT LRD Goodyear M.

Figure DB8. Sand inpact test vehicle.
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The vehicle wei ght specifications are:

Curb weight: 5,600 Ib

Max GYW 10,000 Ib

Actual weight: 5,750 Ib (3,100 I b front axle, 2,650 | b rear)

The soil inpact data were determ ned at each point shown in
Figure D9. The figure shows the GPS tracking positions of the
sand i npact spirals.

Figure D9. Sand spiral inpact points.

Results. Figures D10 and D11 show the inprint wdth plus pile
wi dth plotted against the turning radius for Kevlar |ow-inpact
tires and Goodyear tires, respectively. Both figures are of |ow
speed setting and driver-side track. These figures show that
the smaller the turning radius, the larger the soil disturbed
width. The disturbed width dramatically decreases at snaller
turning radii. The curve levels off at larger turning radii
Since the influence of turning radius to soil disturbance

di m nishes as it increases, any turning radius with val ues of
nmore than 150 neters is treated as 150 neters in the anal ysis.
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Figure D10. Kevlar |owspeed driver-side track inpact.
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Figure DL1. Goodyear tire |ow-speed driver-side inpact.

Figures D12 and D13 show t he conparison of the inpact relations
of Kevlar tires and Goodyear tires on the driver-side track and
passenger - side track, respectively. Both high speed and | ow
speed were conpared. It was found that the Kevlar tires and the
Goodyear tires have very simlar inpact characteristics on sand.
The Kevlar tire exhibited a slightly higher disturbed w dth,
probably due to the wider tire.
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Figure D12. Driver-side inmpact conparison.
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Figure D13. Passenger-side inpact conpari son.

A smaller turning radius usually causes an increased rut depth.
Fi gures D14 and D15 show the relationship between rut depth and
turning radius for Kevlar and Goodyear tires, respectively, at

| ow speed. Rut depth neasurenents at sl ow speed were variable

with |l ow R square values for equation fits.
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Figure D14. Rut depth of Kevlar tire at | ow speed.
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Figure D15. Rut depth of Goodyear tire at |ow speed.

At high speeds, the Kevlar tire (Figure D16) exhibited | ower rut
dept hs when traveling straight, and higher rut depths when
turning as conpared to the Goodyear tire (Figure D17).
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Figure DL7. Rut depth of Goodyear at high speed.

Veget ative | npact Field Tests

Yurma Proving Ground procedures. The grass inpact test was
conducted on a grassland site at YPGon 12 March 2003. The test
vehicl e was an MLOO8 CUCV, which is a 4X4 5/4-ton cargo truck
with a ground vehicle weight of 8,800 Ib. Cooper Discoverer HT
LT 235/ 85R16 and M ckey Thonpson BAHA Belted HP 33x12.5-16LT
tires were tested. For the Cooper tire, the maxi mum | oad/
pressure rating was 3,042 | b at 80 psi. The neasured tire
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pressure ranged from40 to 43 psi. The Cooper tire is simlar
to the standard radi al Goodyear tire. For the M ckey Thonpson
tire, the maxi mum | oad/pressure rating was 2,755 I b at 45 psi.
The neasured tire pressure ranged from25.4 to 25.6 psi.

Figure D18. Vegetative inpact test vehicle.

As with the sand inpact field tests, the GPS positions of the
vehicle were collected by using the Trinble AgGPS 132 with
Omistar differential correction. The GPS data were | ogged
every second. Dynami c properties (velocity and turning radius)
were derived fromthe GPS dat a.

Figure D19 shows the GPS tracking points of the vehicle
collected along the eight spirals. The field inpact w dth was

pl otted against the vehicle turning radius in order to indicate
their rel ationshi ps.

w £ Meters
s 0 10 20 40

Figure D19. Vegetative spiral inpact points.

D- 15



PWIB 200- 3-28
29 Cct ober 2004

Ei ght spirals were conducted. Each tire (M ckey Thonpson and
Cooper) setting had two hi gh-speed operations (5.7 ms) and two
| ow speed operations (3.9 nm's). |Inpact neasurenents of

di sturbed wi dth were taken for each inpact type at each sanpling
poi nt .

Yuma Proving G ound results. |Inpact severity i s the percentage
of vegetation that has been renoved or scraped fromthe
di sturbed area. Figure D20 illustrates neasurenent of the

vegetative inpact. Because the soil strength of the field was
strong and the test vehicle was not heavy, high values of inpact
severity were not visually observed in the test, so inpact
conpari sons were conducted using di sturbed wi dth.

Figure D20. Vegetative inpacts are neasured.

The soil type, soil strength, and vegetation coverage of the
test field were uniform The soil conponents of the vegetative
test field, however, were very different fromthe sand field.
Tabl e D3 shows the analysis results for soil sanples of each
spiral (Soil, Water and Plant Testing Laboratory, Colorado State
University). The soil texture is clay. Unlike the analyses of
the sand field, there is no dom nant conponent in the soi

sanpl e of the vegetative field. The two major conponents of the
vegetative land are clay and sand; 47.9 and 34.75 percent of the
total weight, respectively.

The dynamic property of the soil was determ ned by drop cone
measurenent. Figure D21 shows the drop cone neasurenent data at
each sanpling point along spirals 3 and 6. The average drop
cone neasurenent is 7.4 cm The soil strength is nuch higher
than the sand field, which had an average drop cone neasurenent
of 10.8 cm
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Table D3. Soil analysis of the grass test area.

Spiral No. | Moisture| Sand | Silt |Cay | Texture

1 8.3 34 18 48 d ay

2 9.21 38 16 46 d ay

3 8. 97 34 19 47 d ay

4 9.23 33 17 50 d ay

5 8. 85 34 16 50 d ay

6 9.74 36 18 46 d ay

7 8.8 34 17 49 d ay

8 8.14 35 18 47 d ay

Aver age 8.91 34.75| 17 |47.9

€
212
£ 10 -
s . e I S
E 4 ,
e —*Spiral 3
S 211 ™Spiral 6
Y - - - - -
5 0 2 4 6 8 10 12 14

Measur emrent nunber

Figure D21. Vegetative field drop cone neasurenent.

Fi gures D22 and D23 show the di sturbed width plotted against the
turning radius for Cooper and M ckey Thonpson tires,
respectively. Both of the graphs illustrate the tires operated
at a high-speed setting and on the driver-side track. Simlar

i npact patterns as sand field test were observed. Both figures
show that the smaller the turning radius the |larger the soi

di sturbed width. The disturbed width dramatically decreases at
smaller turning radii. The influence of turning radius to field
i npact dimnishes as it increases. Any turning radius with a
val ue of nore than 150 mis treated as 150 min the anal ysis.

D-17



PWIB 200- 3-28
29 Cct ober 2004

45
*
40 T—*
g ‘0 y = 46. 805X-D,1817
= 35 r 3 2
< 30 NG R = 0.6751
5 QQM
'S 25 . * S ———— 3
° ° b 4
E 20 g *> g —
= 15
]
® 10
8 5
0 20 40 60 80 100 120 140 160

Turning radius (m

Figure D22. Cooper tire high-speed driver-side inpact.
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Figure D23. M ckey Thonpson tire high-speed driver-side inpact.

Canp Atterbury procedures. The grass inpact test was conducted
on a site at Canp Atterbury on 28 May 2003. The two test
vehi cl es were:

1. MLO25 1-1/4-ton Utility Truck with Kevlar 38x15.5-16.5 tires
(tire pressure range 25.6 to 28.2 psi)

2. MB98 1-1/4-ton Utility Truck 4x4 with Wangler RRT Il Mlitary
Oz 36x12.5-16.5 tires (tire pressure range 13.8 to 19.2 psi).

Four spirals were conducted with each vehicle (two hi gh-speed

and two | owspeed). Inpact neasurenents of disturbed wdth and
i mpact severity were taken at each sanpling point along the
spiral. Inpact severity is the percentage of vegetation that

has been renoved or scraped fromthe disturbed area and is
determ ned using a guideline for assigning inpact severity

D- 18



PWIB 200- 3-28
29 Cct ober 2004

val ues (Haugen et al. 2000). Cunulative inpact wi dth can be

cal cul ated by nultiplying disturbed width and i npact severity.
The GPS positions of the vehicle were collected by using the
Trinble AgGPS 132 with Omistar differential correction. The
GPS data were | ogged every second. Dynamc properties (velocity
and turning radius) were derived fromthe GPS dat a.

The MLO25 (Kevlar tire) and MP98 (Wangler tire) were operated
in four spirals each (two high-speed and two | owspeed). High-
and | ow-speed operations were conducted at approximtely 3 and 6
ms, respectively. The vegetative inpacts were |ow for both
tires, and vehicle speed did not influence inpact.

Canp Atterbury results. Figure D24 shows the cunul ative i npact
wi dth plotted against the turning radius for the Wangl er and
Kevlar tires for the conbi ned speeds and both driver and
passenger - side track. As shown before, the smaller the turning
radius the larger the terrain inpact. The Kevlar tire produced
slightly larger inpacts than the Wangler tire. However,

vari abl es such as different vehicle, different driver, and
variabl e soil and vegetative conditions may have influenced
these results. The Kevlar tire had a |arger width than the
Wangler tire.
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Figure D24. Tire inpact conparison.
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