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ABSTRACT

The use of lowered tire pressures has the capability
to reduce sediment production from unpaved forest
roads. A three year test of Central Tire Inflation System
(CTI19) and Constant Reduced Pressure (CRP) methods
to achieve lowered tire pressures was conducted by the
U.S. Forest Service. The average sediment reduction
from the use of CTIS was 80% compared to highway
tire pressures. When using CRP tire pressures, the
average sediment reduction was 45% compared to
highway tire pressures. Both lowered tire pressure
systems had shallower, less well defined wheel ruts
resulting in less frequent road maintenance
reguirements.

INTRODUCTION

The U.S. Forest Service maintains 351,000 miles of
unsurfaced or aggregate surfaced roads to access nearly
191 million acres of forest and grasslands. Roads are
believed to be amajor contributor to stream
sedimentation resulting in loss of aguatic habitat and
degraded water quality.

Heavy truck traffic has been identified as a major
cause of sedimentation on unpaved forest roads (1).
Roads that have been allowed to become rutted can
produce from two to four times as much sediment as
freshly-graded roads (2,3).

A system to reduce the impact of surface erosion
from unpaved forest roads would be one that reduced
the tendency of heavy vehicles to form wheel ruts. One
such system spreads the vehicle load over alarger area
on the road surface. Two methods are available to
accomplish this task, Central Tire Inflation System
(CTI19) and Constant Reduced Pressure (CRP).

Central Tire Inflation Systems are an evolving
technology that have been used by the U.S. Army since
before World War Il to improve vehicle mobility. The
technology allows a vehicle driver to reducetire
pressure while in motion. The reduced tire pressure,
when used with radia ply tires, resultsin alonger
“footprint”. This longer footprint reduces the vehicle
pressures applied to the ground. Thetire pressureis

chosen depending upon vehicle weight, speed, tire type,
and road surface. Modifications to the vehicle are
required to install a CTIS. The system has been used on
loaded and unloaded logging trucks, dump trucks, and
other heavy weight vehicles.

With the Constant Reduced Pressure method, the
driver manually lowers the tire pressure in each of the
vehicle tires. The vehicle does not require any
modifications. The minimum tire pressure depends on
gross weight, maximum speed, and tiretype. The tire
pressure cannot be changed without stopping the
vehicle. Tire pressures and, therefore, ground contact
pressures with CRP are generally not as low as with
CTIS.

In 1990 the USDA Forest Service Intermountain
Research Station conducted atest of CTIS to reduce
sedimentation from a native surfaced forest road.

Rainfall simulation on two 30.5 m long test sections
indicated a 38% sediment reduction was achieved by
reducing tire pressure from highway pressureto CTIS
pressures (3).

In January 1992 athree-year study was begun on the
Lowell Ranger District of the Willamette National Forest in
Oregon to investigate aggregate quality impacts on
sedimentation and tire pressure impacts on sedimentation.
The aggregate quality impacts will be presented in (4). The
comparison of the tire pressure systems is reported in this
paper.

COLLECTION OF DATA

TEST SITE-A 2.25 km long by 4.27 m wide, crowned
section of forest road on the Lowell District of the
Willamette National Forest, Oregon was selected for the
test. This road was chosen to meet the requirements of
length, constant grade, and the ability to control non-test
traffic. Three 61 meter long sections with similar grade of
12% were selected. Each section was surfaced with 100 mm
of 76 mm aggregate on top of the existing 300-400 mm
thickness of 76 mm minus subgrade.

Adgaregate Specifications-The aggregate placed on
the road passed the Forest Service size gradation
specifications, but was not within specifications for
Durability Index of the fine fraction and the Sand
Equivalent test. The Durability Index of the fines averaged
31 indicating an aggregate susceptible to breakdown by
traffic. The minimum recommended value was 35. The
Sand Equivalent value averaged 22, well below the
minimum value of 35. Sand Equivalent isan empirical test
of the amount of material remaining in suspension after
agitation. This aggregate was considered to be typical of




lower quality aggregate often used by forestsin lieu of
higher quality, more expensive aggregate.

Runoff Measurements-Two runoff measurement
collectors were located on each test section. One collected a
portion of the runoff flowing laterally off both sides of the
road crown, while a second collected runoff flowing
longitudinally down the road in the wheel ruts. Continuous
measurements of flow were made. Sediment trapped in a
0.15 m® settling box was collected approximately every
three weeks.

The material collected in the settling boxes
represented only a portion of the material eroded from
the road surface. Sand and larger sizes were trapped
with efficiencies increasing with size. Alternatively, the
silt and clay sizes did not have sufficient resident time
to completely settle. Generally the settling boxes on the
sides of the road crown received overland flow at low
rates, while the boxes that collected runoff flowing
down the wheel ruts received higher concentrated
flows. These differences were reflected in the average
trap efficiencies determined for the two locations of the
settling boxes. When expressed as a percent of material
remaining in the settling box, the average trap
efficiency for the boxes located on the sides of the road
were 40.2% and 35.6% in the boxes receiving flow
from the whed ruts. All reported sediment values
contain these trap efficiency adjustments.

An estimate of the runoff and sediment production
from the entire road section was made from the two
collectors. Since the lateral collectors extended for 1/4
of the length of the entire road section, it was assumed
that they collected 1/4 of thetotal runoff flowing off the
crown of the road. Observations of the flow tended to
validate this assumption. The runoff rates from the
lateral collector was multiplied by four and added to the
longitudinal collector for an estimate of the entire road
section.

TIRE PRESSURES-Each of the three test sections
was dedicated to a single tire pressure system (see
Table 1). Onetest section received only CTIS
pressures. One test section received only CRP
pressures, and the third test section received only
highway pressures. Pressure changes were made
between test sections. CTIS pressures were chosen
based on the particular load and speed of the trucks.

The CRP pressures were chosen based on the load and
the criteriato run on paved roads at 55 mph
indefinitely. The highway pressures were representative
of typical truck operations. All pressures were
consistent with the Tire and Rim Association (5)
recommendations.

TRUCK TRAFFIC-To simulate the effects of road
use from atimber harvest, loaded and unloaded trucks were
driven on the test loop. Prior to each season’ s truck traffic,

the sections were graded to remove wheel ruts. The first
season of the test, two trucks were used. One western style
logging truck carrying 22,450 kg of logs was driven
downhill. A dump truck with the same axle spacing as an
unloaded logging truck carrying its trailer was driven up the
hill. During the second and third season, a second |oaded
logging truck was added. It aso carried 22,450 kg of logs
and was driven downhill. The dump truck made twice as
many passes as one of the logging trucks to maintain the
desired ratio of one loaded truck for each unloaded truck.
Driving was done on eight consecutive days of each two
week period, including during rainfall events. No driving on
frozen conditions was permitted. All vehicles were
equipped with CTIS to facilitate pressure changes. This
paper will use the term “load” to mean the combination of
one loaded logging truck passing aroad section and one
unloaded logging truck passing in the opposite direction
over the road section.

TEST DURATIONS-Each season the test portion |asted
for approximately 3 months from mid-January through
March. The test was conducted in 1992, 1993, and 1994.

RAINFALL SIMULATION-At the conclusion of the
1993 test period, rainfall simulation was performed. The
simulator used had nineteen Rainjet 78C sprinkler heads
located on 3 meter tall risers (CSU-type). A single storm
with an intensity of 50 mm/hr and a duration of 30 minutes
was applied to each road test section. Each section was |eft
in the condition following traffic, but was shortened to 42.7
m to not exceed the capacity of the flow measuring devices.
Runoff measurements were taken at one-minutes intervals
and sediment samples at 70-second intervals. An estimate
of the runoff and erosion from the entire road section was
made in the same manner as for the natural rainfall, but
adjusted for the shorter test section length.

RESULTS AND DISCUSSION

The precipitation and truck traffic for each year are
summarized in Table 2. A wide range of precipitation from
147 to 521 mm fell during the test period. In 1993, the
precipitation of 521 mm includes 249 mm of snow that fell
between January 7 and 22.

SEDIMENT PRODUCTION-Table 3 shows the
sediment production from each tire pressure system. This
mass represented the amount of material eroded from the
road surfaces. Virtually all of the eroded material, 96% to
99%, was less than 6 mm size. Silts and clays typically
comprised 65 percent by weight of the runoff.



Table 1: Tire Pressures Used for the Lowell Test,

Unloaded Truck Loaded Truck
Tire
Pressure  Steering  Other Steering  Other
System Axle Axles Axle Axles
(kPa) (kPa) (kPa) (kPa)
CTIS 480 210 480 340
CRP 480 480 480 480
Highway 620 620 620 620
CTIS-Central Tire Inflation System
CRP-Constant Reduced Pressure
Highway-Highway Tire Pressure

The values for sediment production and sediment yield
reported in Table 3 were specific for the Lowell test site. In
order to generalize these results, the percent reduction of
sediment from the CTIS test section compared to the
highway pressure test section and the percent reduction of
sediment from the CRP test section to the highway pressure
test section were determined, and are presented in Table 4.
These values represent the sediment benefit achieved from
the use of the particular reduced tire pressure system. While
the sediment yields from various geological parent
materials may be different, the percent reduction would be
expected to remain similar.

The observed values for the percent reduction when
combining the three test periods for the CTIS section was
80%. The values ranged from 87% to 70% on ayearly
basis. The greatest improvement, 87%, occurred in the year
with the greatest rainfall.

The percent reduction when the three test periods were
combined for the CRP pressure section was 45%, and
ranged from 15% to 59%. The least improvement, 15%,
occurred in the year with the least rainfall.

RUT DEPTHS-Figure 1 presents the pre-traffic and
post-traffic cross-section for the 1994 test period. The
amount of truck traffic and the precipitation on each test-
section were the same. Reduced tire pressures showed a
marked difference in the development of rutting. Using a
peak-to-peak measure of the depth of arut, the highway tire
pressure section resulted in a 133 mm deep rut compared to
a8 mm deep rut on the CTIS section and a 32 mm deep rut
on the CRP section. This degree of rutting was largely
responsible for the differences in sediment production
observed on each test section.

The mechanism by which the sediment reduction
occurs s the prevention of surface rutting and resulting
concentrated flow. Since ruts and the detrimental effect of
concentrated flow are not site specific, the benefits of

reduced tire pressure are not site specific either. Tests
conducted by the Intermountain Research Station over a
wide range of geologic parent materials have shown that
ruts produce 2 to 4 times as much sediment as unrutted road
surfaces (6). Asthe Lowell test demonstrates, the degree of
rutting was proportional to the sediment production.

Table 2: Precipitation and Traffic Summary.

Maximum Precipitation
Precip  pgjly  Smin. Intensity  120¢
Year (mm) [mm% (mm) Y (loads)
1992 147 31 18 268
1993 521 44 17 616
1994 336 30 24 1205

Table 3: Sediment Production, Natural Rainfall Events,

Mass Sediment (kg)
Tire
Pressure 1992 1993 1994 Total
CTIS 13.98 17621 33994  530.13
CRP 4009 91837  507.01  1465.47
Highway 4727 139970 123133 267830

CTIS-Central Tire Inflation System
CRP-Constant Reduced Pressure
Highway-Highway Tire Pressure

RUT DEVELOPMENT-Figure 2 shows the depth of
the ruts with truck traffic during the 1993 test period. The
CTIS section showed little change of depth with traffic, i.e.
the ruts did not deepen. The CRP section deepened only
dlightly with traffic. Thisisin contrast to the highway
section that deepened from an initial 38 mm to 127 mm.
This graph shows that the reduced tire pressures, and
especially the CTIS pressures, did less damage to the
aggregate surfaced road.

Also noteworthy in Figure 2 was the concave
downward shape of the depth vs. traffic curve. Half of the
increase in rut depth occurred after only 15% of the total
truck traffic. This behavior is predicted by the Surface
Thickness Prediction (STP) equation used by the US Forest
Service to predict rut depths (7). While this non-linear rut
depth development is common, the STP equation is



recommended rather than attempting to extrapolate the
Lowell results.

Table 4: Sediment Reduction, Natural Rainfall Events.

Sediment Reduction (%)
Tire
Pressure 1992 1993 1994 Average
CTIS 70 87 72 80
CRP 15 34 59 45
Ra Sedimen tm#h“y— Sediment, +100
= S-dimcntuqhw}_

CTIS-Central Tire Inflation System
CRP-Constant Reduced Pressure
Highway-Highway Tire Pressure

SIMULATED STORM-Table 5 gives the peak flow
rates from the rainfall simulations. Overland flow (lateral
flow collector) predominated on the CTIS and the CRP
sections, but concentrated flow (longitudinal flow collector)
predominated on the highway pressure section.

Table 6 presents the sediment production results
from the simulated storms. As was observed from the
natural events and expected from the type of flow occurring
on the road sections, the greatest sediment production
occurred on the highway section. The percent reductions of
83% and 47% for the CTI1S and CRP sections were
comparable to the average percent reductions for the entire
test period (see Table 3). In locations where summer
thunderstorms are the predominate erosion causing
mechanism, this simulated storm may provide a better
estimate of the effect of reduced tire pressures than the
Oregon winter observations.

The simulated storm did not have traffic during the
event, so could not measure the immediate effect of the
trucks during the event. Neither were the long term effects
of truck traffic, such as breakdown of the aggregate,
possible during the simulation. While the long term effects
of truck traffic were not measured, the simulation represents
the effects of a single storm without traffic.

MANAGEMENT IMPLICATIONS

The results of the three year study had several
management implications for forest road management. One
was that tire pressure in logging trucks had an impact on
sediment production. Simply reducing the tire pressure

from 620 kPato 480 kPa resulted in a45% reduction in
sediment loss. Thislevel of sediment mitigation could be
achieved without modifications to existing vehicles. In
situations where the logging trucks would not travel on
paved roads, tire pressures could be reduced below the 480
kPa consistent with Tire and Rim Association’s
recommendations. Such situations include areas where there
are no paved roads, log transfer stations at the end of the
unpaved roads, or airing stations at the end of the unpaved
road sections.
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Figure 1- Road cross-sections from sections with (a) CTIStire
pressures, (b) CRP tire pressures, and (c) highway tire pressures
for 1994 test season. “Before traffic” was after grading and before
logging truck traffic. “ After traffic” was after 6.0 million board
feet haul (1205 loads).

The use of Central Tire Inflation System vehicles
reduced sediment production by 80%. Although the cost of
equipping vehicleswith CTISis not trivial ($10,000 to
$15,000 per truck), the ability to reduce sediment
production from the road surface by 80% could mean the
difference in operating in sensitive areas and not operating.
When combined with the demonstrated ability of CTIS
equipped trucks to operate on steep adverse grades without
assistance and reduced vehicle maintenance costs (8), CTIS
equipped logging trucks could be cost effective in certain
logging conditions. Not all road generated sediment comes
from the traveled way so cost effectiveness will vary
depending upon the relative sediment contribution of each
portion of the road prism.
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Figure 2-Rut depth development with logging truck traffic for
1993 test season.

A second benefit of reduced tire pressures was less
frequent road maintenance. As shown by Figure 1, both
reduced tire pressure systems resulted in shallower, less
well defined wheel ruts, causing less frequent road blading
to remove the ruts. This reduced maintenance frequency is
an additional cost advantage to both reduced tire pressure
regimes. During each year of test, the highway tire pressure
section would have been bladed under normal operational
conditions, but not the reduced tire pressure section.

Table 5: Peak Runcff Eates from Simulated Storm.

Lateral Flow Longitudinal Flow
Tire Pressure Collector Collector
{ml/sec) (mlfsec)
CTIS 975 477
CRP - 1196 570
Highway 508 1675

CTIS-Central Tire Inflation System
CRP-Constant Reduced Pressure
Highway-Highway Tire Pressure

As previously discussed, these tests were performed
on marginal quality aggregate that did not meet durability
and sand equivalent specifications. This margina quality
aggregate had an impact on the sediment production and the
percent reduction. Had the aggregate been less susceptible
to mechanical breakdown, the benefit from using reduced
tire pressures would not have been as great. With the range
in particle sizes from gravel to fine silts, the flow would
have winnowed away the small moveable sizes |eaving
behind the larger non-moveable ones. After a sufficient
flow, the larger sizes would have covered and hidden the
smaller ones from transport by the flow. This condition
occursin rivers and is known as armoring. The aggregate
used in the test did not have sufficient resistance to
mechanical breakdown and continued to generate additional
fines preventing significant armoring from occurring. A

more durable aggregate would be less susceptible to
mechanical breakdown and continued replacement of
transportable fines.

SEDIMENT MITIGATION-The simulated storm
makes possible an estimation of the mitigation provided by
the aggregate with the addition of traffic. The subgrade at
the test site was similar to acoarse silt sitein Central 1daho
reported by Foltz (6). A road section with alength of 38.1
m and a nearly saturated water content had a sediment
production of 9200 kg/ha using the same CSU-type
simulator. With this as a base case, the CTIS section had a
79% mitigation of sediment, the CRP section had a 70%
mitigation of sediment, and the highway pressure section
had a 36% mitigation of sediment.

Table &; Sediment Mass and Sediment Reduction from
Simulated Storm.

Tire Pressure Mass Sediment Sediment
(kg) Reduction (%)
CTIS 38.1 33
CRP 542 47
Highway 116.0 0
S% 2 Sedimen L'quw-_-..-_ Sediment, 100
Sediment

highway

CTIS-Central Tire Inflation System
CRP-Constant Reduced Pressure
Highway-Highway Tire Pressure

Burroughs and King (9) estimated a sediment reduction
of 95% for the test site conditions, if the aggregate was high
quality and there was no traffic. The Lowell test
demonstrated that the addition of traffic, regardless of tire
pressures used, on marginal durability aggregate reduced
the effectiveness of the aggregate as a sediment mitigation
measure.

Even with the addition of CTIS equipped vehicles, the
full mitigation potential of high quality aggregate was not
realized. However as discussed in (4), the full potential was
achieved with high quality aggregate and highway tire
pressure truck traffic and rainfall.

SUMMARY AND CONCLUSIONS

A three year test of the effect of tire pressure on
sediment production demonstrated that reduced tire



pressures in heavy vehicles reduced the amount of sediment
produced from the road surface. A simulated log haul using
Central Tire Inflation System equipped logging trucks
produced 0.20 units of sediment for every 1 unit of
sediment produced from a road section with highway tire
pressures (80% sediment reduction). A simulated log haul
using logging trucks operating with reduced tire pressures,
but not as low as the CTIS trucks, caused 0.55 units of
sediment for every 1 unit of sediment from aroad section
with highway tire pressures (45% sediment reduction).
While the economics of which reduced tire pressure system
would be most cost effective depend upon site specific
conditions, the use of reduced tire pressure lessens the
amount of sediment produced from unpaved forest roads.

The mechanism by which the reduction in sediment
production occurs is the prevention of surface rutting and
concentrated flow. Since ruts and the benefits of avoiding
concentrated flow are not site specific, the existence of the
benefits of reduced tire pressure are not site specific, only
the magnitude of those benefits.

Reduced tire pressure also results in less frequent road
maintenance to remove wheel ruts. For forests with limited
mai ntenance budgets, this benefit would add to the cost
effectiveness of reduced tire pressure vehicles.

Estimates of sediment mitigation based on the use of
high quality aggregate were not achieved using marginal
durability aggregate quality and heavy vehicle traffic.
Careful attention to aggregate and vehicular traffic should
be exercised when determining mitigation values.
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