Infrastructure Preservation:
Extending Road Life in Remote Areas

By Majer Robin I Hagerry, George Mason, and Gl Muson

cceni humanitarion operations tn remode areas of
R Africa and Bosnin have emphasized the need for a
strdegy 10 deal with read petworks that canne
sustain enough logistics convoy traffic to suppord mildary
operations. The traditional point of orgin Tor equipment and
moterie]l is & fixed seaport or asirfield, with the final
distribution poini being sl the énd of an unimproved din
road. This scenario requires repeated iransloading of
mateniels o3 rovte conditions and fopography change,
Unimproved secondary roads are commonly built for light-
and medium-duty wheel loads, with construction consisting of
mintmal subgrade preparution overlaid with gravel. Normal
muinienance for these mods consists of perodic hiading and
seasonal applications of new  surfucing  materials. The
subgrude’s compaction, sirenglh, and dminage determine the

frequency of maintenance needed to keep the rond passahle.

[nitial road Failure may be indicaied when drivers complain
gbout pot boles, surfoce rubiing, and roughmess, Road
deterforation that causes vehicle vibration rapldly increases
driver fatigue and limits the speed be can safely drive. Al the
same lime, i1 socelerates vehicle mainienence requirememis.

This article descnibes roadway deterloration caused by
military iransporiation in remole afess ond presenls some
getiong that can extend road life

Discussion

5, military reliefl missions often involve transloading
l I supplies from large transpor trocks onfo smaoller,

Armvy series MY23 trucks, which are bener suited for
use on unimproved roads, The repeated heavy-duty wheel
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Figure 1. Relationship between vehicle speed and surface roughness of selected ride courses.
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Figure 2. Estimated cargo movemsani lime whon speed is limlied by road
surface roughness.

foads from these trucks® bias-ply tires moy immediately or
cumulatively affect the roadway until deleroration makes it
almost impassable, If tire pressure is high, the tire's ability 1o
abaorh many of the dynamic forces imposed by the vehicle
traveling along nn uneven road surface is hmited, Thus, most
of the dynamic force is tmnsmitied dirsctly down 1o the moad
and wp to the draver.

Fatigue Lewel The Human Engineering Labortory at
Abendeen Proving Ground has faken the dynamic forces
exerted on the driver over time and translated them into
fatigue levels. Several wehicle-iesting  labomtories  built
courses 1o represent varous levels of sudface roughness
existing in different areas of the world. Then military vehicles
were dnven over these courses, and on-board mensurements
were meconded. Verticol sccelerations ol the driver's seal
{referred to as absorbed power) were avernged over time and
defined in units ealled watrs. Further research determined that
drivers normally did mot operate vehicles for long periods
(8 hours or more) at absorbed power levels of & wailts or more.

Speed. Figure | represents the relationship of speed and
surface roughness for military wheeled and trcked vehicles
tested on warious ride courses. The 1 axis in Figure | mnges
from a very smooth segment of road (no undulations) to an
exiremely rough segmeni [(approximatley 2.5 inches).
Moson, Smith, Gray, and Ahlvin exploin in detnil this
method of describing terrain and road surface roughncss. !

Using Figure 1 as a means of estimating speed for convoys,
four conditions were sslecied to demonstrate the effects of
different levels of roodway deferiorstion on convoy speed.
The average convoy speed is defined at the 151 quartile, or the
paint wheno 23 percent of the wheeled military wehicles tested
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is fmited by surface mughness. Thus, & surface roughness of
approximalely ) inch, with a cormesponding average speed of
54 mph, represents extremely smooth roads in excellen
condition. In the next quanile, roads in good condition wre
represealed by & surface roughmess of (02 imch, with a
maximum speed of 47 mph. In the third quanile, 3 surfuce
roughness of 0.6 inch, with most speeds reduced io 14 mph,
represents roads in fair condition. Finally, a surface roughness
af 1.5 inches, which may restrict vehicle speed to as low as 7
mipih, represenis roads in poor condition.

Wheeled vehicles were selected for ihe study since thay
normally comprise reliefl mission convoys. The doctrinal
avernge  convoy  speed specified im0 FM 101-10-1,
Chrganizationsl, Techrical, and Logistieal Dia, is 40 kmthr
(24.E mphj), which mcludes halis. The convoy is expected (o
travel 320 kilometers (1984 miles) im 8 bowurs. Excluding
time for stops, the vehicles will avempe speeds of 80 km/'hs
(49.6 mph). Howewver, visibility, termain, and road conditions
often affect the avernge spead.

Figure 2 depicts the relationship between the increase in time
required fo transpont supplies and the road condition.
Calculations are based on the convoy truveling 200 miles with
the speed restricted by the 6-wall fatigee maximum of the driver.
Speeds given for the road conditions in Figure | are used to
calculate the time reguibred o move the payloads in Figuse 2

Soil Stress
ithin the parameters of gestechnical engineering, it
Wil comvenient (o view the subsurface soil siress ns a

function of stresses from—-
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Flgure 3, Pressure distributlen under 8 siatically loaded tire In varlous soll types.

®  Soil and road surface weight {constraction.
B Fluid pressares (weather).
B Externally applied loads (traffic).

Military transporters are primarily concerned with
changes in road surface conditions that inhibit movement.
Rand deterioration normally occurs through imteraction of
the tire’s foolprind and the road's ability o absorb and
disperse siresses imposed by raffic while muintaining ils
surfoce resiliency. Tire design helps the road retain some of
its resiliency by absorbing pari of the stresses, Wilhow
pericdic maimenance, the rood surface's ability to absorh
fond stresses is reduced, cousing the surface andfor subgrade
to fail, As fuilure continues, the road surface crocks and
develops ruts, Ruotting begims the chain of events that
quickly mokes the rosd ditfficult to trovel s maxiowm
speeds. As traffic sccelerates. the delerioration process
continues o increase amd dnvers must reduce speeds o
prevent domage to vehicles, the cargo, or themselves.

Figure 3 depicts the distribution of radial stresses from a
5480-pound tire load in varioos medioms. [ shows the
relationships between the passing wheel, its loading effects,
rutting, and the dynamics of the passing shock wave as
penetrates the roads subgrade through different soil [rp-:s,1
The cross-sectiona]l view shows the downward stresses
capsed by the wheel as it averses the road and
demonsirates how these siresses are dispersed and absorbed
by the subsurfsce o,
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The figure depicis the shock wave from an M923 cargo
truck with bias-ply tires and its corgo centered over the rear
wheels. The calcelated front-wheel load (worsl case)
represents the net vehicle weight of 22,515 pounds, combined
with its rated gross cargo capacily of 10,000 pounds, and
divides by six wheel lecations,

Figure 3 shows how different soil types respond 1o the
wheel fopd but does ned specifically identily the siresses
coused by wehicle speed. This Figure also shows the
relationship belween soil subsurfoce stremgth and the tire's
ability 1o penetrate deeper into the subsurface, thus increasing
the severty of miting with each additional vehicke pass.

Alternatives

ngineers con  calculote the effects of weor on

unimiproved ropds; however, many trnnsporters lack n

background in using these annlytical methods. For
field applications, conwoy planners peod an engincer-
developed methodology that is based on scientific principles,
It should be easy o understand and simple o apply.

The relationship between o wheel load ond s inleraction
on an wnimproved road are predictable, Therefore, the
transporter has several altermatives for preserving road [ife,
These mnclude reducmg tre pressure, vehile spead, and
vehicle weight,

Reduce Tire Pressare, This action increases the size of 1he
fire fooiprint ond decreases the tronsmitted wheel-load
siresses, 1 more evenly disicbutes stresses over a wider
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Hre-contact area However, we mosl exerclee caution when
reducing tire pressure, Total reduction must pol exceed 25
pounds per square inch (psi} per e, I the pressure
reduction drops below 25 psi per lire, excessive lime
deformation may occwr, resulting in damage (o the sidewnll
or inner tube. Reducing tire pressure also lessens the driver's
discomifon from rood surface roughness.

Reduce Vehicle Speed, In conjunction with reduced hire
pressure, & lower speed npssists in more even distrbution of
shock waves through the soil. Reducing shock waves helps
preserve the drivers' comfort.

Reduce Velicle Weighd, Decreasing the wehicle load
offers the greatest potential for extending road life while
preserving the drivers' comfort, When planning throughpat
estimates in remote preas, fansporiers normally ose the
crogt-country  bond weight, which i3 approximately 75
percent of the vehicles” rated capacity, as a base caleulation,
Hl:dl,]l..‘iTl.F the exhmaled CRsd-COunlry cangn load Teoan T, 500
b &, 00 pounds reduces vehicular-caused ropd detenoration,

The best potentiml for retarcling road deteriomtion s o
use @ combination of all thres allermatives. This common-
sense approach cun be broken indo several independent
octions, Trnnsporiers should apply the aliernatives in
response 0 changes in weather ond rood conditions o
cxfend road life and lessen potential damage to their trucks'
SUSPEnsion components,

Figure 4 illustrates the net effect goined from thess
alternatives,

B Sitgation | reflects no action taken.
m Situalion I reflects reduced tire pressure,

m  Situation 111 reflects reduced tire pressure and reduced
payload.

B Sitoation I'Y reflects reduced tire pressure and o reduiced
payload of |50 pounds below the normal cross-country
planning load.

Calculations are based on research conducted a the UL 5.
Army Engineer Witerways Experiment Station, using an Armvy
series M923 S-ton cargo truck with a cargo weight of 10,000
pounds.* The wheel load was calculated using the vehicle's
raled lood eapacity of 10,000 pounds and ils manufaciured
empiy weight of 22,515 pounds As illustrated, Situation [V
indicutes the greatest potential for increased road life span. An
inleresting observation between Situatiens 1011 and TV 15 thal
reducing the cross<ountry paylosd and reducing tire pressure
significantly inceeases the lfe of the road,

Conclusion

influence the execution of military operalions.

Infrastruciure limitstions due (o the remoteness of an
area, combined with ever-changing political considernfions,
present unigque challenges {or our military [orces. Ther: 15 a
direct comelation between mad usage and read degradation
and their effects on limiting convoy throughpul operations
This correlation has significant infTusnce on vehicle speeds,
surfnee roughness, and vehicle muntenance. The alternofives
discussed above are possible solutions 1o this problem
Reduced vehick londs and tire pressures may potentially
double road life It is crticnl that military tmnsporters
understond the correlation between traffic and Toad
degrndation  and between  vehicle spesds and  surface
roughness,

T he physical and political environments of & host nation

Siuation IV
65 pal Tire Pressure
6,000 I Payload

A < Fiy Iy F

Situation 11
65 psl Tire Fressurs
7,500 Ib Pryload

T i

Sthuaiion i
&5 psl Tire Pressure
10,000 b Payload

@RW

5

Situalicn |
BQ pal Tire Pressurs
10,000 I Payload

i 1.5 F
Estimaied Wooks Until Road Fallure

Flgure 4, Estimated changes In road [iis based on vehlcle confliguralions,
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Enginesrs have limited assets for maintaning  road
networks. Therefore, military transporters must help redsce
damage o rosds in order to increase their longevity, As the
focus of owur force projections shifts towand hemanitarian
pperations, more emphasis 5 placed on reducing overall
operational  costs and Improving  tmely  execution. Each
member of the humanitarian tenm must strive 1o preserve the
infrustruciurne while mointnining daily throughput opendions.
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{Contimued from page 23}

lengthened the ramps so the foat bridge's kength could be
adjusted 1o the water level.

Clean-Up Operations

fer the Finns blew charges m the water o clear the
Al’ulup:. they brought in an exscavator 1o clean op rools

and debris. To allow them e reach farther scross the
waler, we laid ol the AVLE so they could move (he excavi-
tor onto the bridge. This was the second tme we had used
the AVLHE in a nontraditional roke.

The Finns had a bucket loader with a revolving street
broom atachment, which we used 1o sweep the large parking
lot, 1t 4% a very elficlent and uselul device,

Lessons Learned

o8t important, we leamed that engineers must

mainiain & wide vanety of equipment to accom-

plish the mymad of asks expecied of them. This
can be accomplished in two wiys:
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®  Copbnue b task organize unifs as required o nccom-
plish the mission. This moy include eguipment from
other notions as well as U5, assets.

B Tailor a batealion-sired wnit to give it hridging, horizon-
1l and vertical construction, and combal engineering
capabilities. (Tusk Force Vollumo is a good example of
how successful o divermse engineenng unil can be See
ariicle on page 2},

We also learned that there 15 a confimeed regquirement Tor
betler counferming expripment, The Pamther with its desen
mollers was helpful, but it ofien failed 10 detect mines, Uniid
iechnology provides s with that “wliomate” prece of counter-
mine equipment, we muslt continue 1o use every ool avial-
able to redwce ond eliminale the mine thres in every
situation we encounter.

Ll
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