Road

By Captain Thomas 5. Bowers

or Marine Corps combal engi-
peers,  road-building  missions

generally consist of constructing |

combal rosds and tradls o enhince the
miohility of our forces, This construc-
ion involves clearing trees and other
obsiscles, rough grading the surface,
and possibly compacting the surface.
Depending on the ime available, drain-
age ditches may be added, By doctrine,
road building for Marine combat engi-
neers is nol very complex.

This artecle describes how the Engi-
figer Openitions Division constructed
Ordnance Point Road ai the Marine
Corps Adr Station, Chemry Point, Morth
Carolinn. This project was more than a
simple combat road. Because of s
location, it had o meet Depariment of
Transportation specifications,

For the sake of simplicity, 1 break
the construction project e seven
phases and discuss the techniques used
in each, My intent is i0 highlight how
we resolved some of the problems
encountered,
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Mission and Design

he mission was (o constroct

an |8 oot mproved-surface

road B connect twa ammanition
supply magazines so thal smmunitbion
coiald be manved within the storage ansas
without having to exit onio a main road
The compleled road required appropr-
alg druimnge and erosion-contro] e
sures b limit environmenial impects on
the surrounding srea.

The design called for the ferst 1,100
feet of the road to be siradght and the
next 300 feet to include a super-
elevaied S-curve. Coming ot of the
banked curve, the last 400 feet would
be straight. The curve would be located
aver the main culverl fo help ensure
proper dnunage, The road was o be g
series of culs and fills. The first 1,100
fest would have cots from 2 (o 6 fest
deep, which would provide the Fill
required to bring the rest of the road up
te grade. The only problem we encoun-

| o,

changed many times during construc-
i The mitinl time line for this
proqect was three months, but becanse
of pll the changes, it took nine months

iy complete,

I

Clearing Operations

o the planning phase, cleanng the
moadway seemed to be a simple
task, but many problems surfaced,

| The nrea was a dense forest with most

ol the trees more than 100 Tear tall, aml
their removal was difficult My first
concern was for unit safety. 'We cleamed
the area with DTG Dogers and cham
saws and used vanous types of heavy
equipment 10 load and haul timber o
the landfill,

Aboul this time, station eavironmen-
tal profection representatives informed
us thot we were operating in an envi-
ronmentally tensitive area and couold
not continee clearing, Even though

| tered with ihe design was that it | We had the required permits and were
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Marine engineers dig a trench to emplace a 150-foot culvert.

constructing a base-approved project,
work was delayed. No endangered spe-
cies were in the work area, but it
was considered environmentally sensi-
tive because of a small stream that ran
across the site, From this point on,
environmental constraints impacted
every phase of the project.

Culvert Emplacement

The most difficult part of the
project was emplacing 150 feet
of 6-foot-diameter culvert in the
70-foot-wide by 20-foot-deep natural
swale. All water in the surrounding
area filtered down to this swale and
into a stream that ran across the middle
of the road. After surveyors staked out
the culvert location, we diverted the
stream to one side of the swale. The
stream was not a problem, but the
swale was a mud pit. We tried using
both wheeled and tracked equipment to
get down the embankments to dig out
the culvert trench, but we only suc-
ceeded in getting the equipment stuck.
Then the S3 Operations Officer, the
only Marine in the squadron with road-
building experience, suggested build-
ing a series of three steps down the
embankment to serve as platforms from
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which the equipment could work.

The area was covered with about
three feet of muddy topsoil on top of a
sand and clay base. As we scraped off
the topsoil, subsurface groundwater
percolated to the surface and degraded
trafficability. Eventually we cut steps
into the embankment, but we could not
excavate the culvert trench from them
because the heavy equipment sank into
the mud. We used rolls of fiberglass
reinforcing mat, called Momatting,
from our rapid runway repair kit to sta-
bilize the surface. Covering the steps
with the mat allowed the vehicle’s
weight to spread over a larger area.

An excavator with a ditching bucket
was used to dig a trench 150 feet long
by 8 feet wide by 4 feet deep. This
took about two days because the exca-
vator could dig only a small section
before it had to be moved. The cul-
vert’s base was a 3-foot bed of gravel,
which trucks dumped into the trench
and combat engineers spread with
shovels. A high-speed, high-mobility
crane emplaced each 50-foot section
of culvert, and we sealed and bolted
them together. To backfill the trench,
we emplaced a 1-foot lift of gravel and
five 1-foot lifts of suitable Mfill.
Between each lift, we compacted the

fill. The operation was slowed because
only two mechanical compactors were
available. In addition, rain filled the
trench with water, which hindered
compaction.

Fill for the swale was supposed to
come from the first section of the road,
but due to inclement weather and poor
drainage, none could be generated.
There were no stockpiles on the base;
however, two runways were being
resurfaced on the other side of the base,
and the old asphalt was being stock-
piled for removal by a contractor. The
Environmental Affairs Section deter-
mined that we could use the asphalt as
fill without adversely impacting the
environment.

The five dump trucks in our squad-
ron could not haul enough asphalt to
support the backfill operations, so we
borrowed trucks from other squadrons.
The area around the culvert required
21 feet of fill to bring it up to the
required subgrade. Again, each 1-foot
lift was emplaced and compacted
before the next lift was added.
Although this was time consuming, it
enhanced the California Bearing Ratio
(CBR) of the road.

The two major problems in this
phase of construction were terrain and
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weather. Poor trafficability of the exist-
ing soil and frequent rains caused this
phase of the project to take almost two
months,

Preparation of the Road
Surface

he temporary drainage ditches
T eliminated flooding on the exist-

ing road surface. We began
working on the “big end” (St. 13+50-
St. 18+400), which was mainly a fill
area. After shaping and leveling the
ground, we layered crushed asphalt to
bring the road surface up to the
required subgrade and cut in the shoul-
ders and rough ditching.

As work on the big end neared com-
pletion, surveyors marked the cut and
fill locations on the “little end” (St.
0+00- St. 11450). Since this part of the
project would generate a surplus of fill,
we suggested to the facilities engineer
that we not make all of the cuts but just
level the 1,150 feet and improve the
drainage. This plan would not
adversely affect trafficability or the
CBR of the road and would speed up
the operation. The idea was rejected
because new ammunition bunkers were
being constructed in another part of the
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| stockpile site adjacent to the road, we

storage area and the fill to cover them
would have to be purchased. If we
could generate the required fill, it
would save the Marine Corps Air Sta-
tion thousands of dollars.

After attempting to make the cuts
with D7G and 1150E Dozers, then
pushing the fill into a pile and moving
it with our TRAM scoop loaders to the

realized that this operation could take :
months. We needed a piece of heavy |

equipment that could both cut and
move large amounts of fill. The 621B
Scraper can do this, but in 1993 the
Marine Corps decided that Marine
Wing Support Squadrons did not need
such equipment, so they removed our
two scrapers. The 8th Engineer Support
Battalion at Camp Lejeune, North
Carolina, loaned us one for the duration
of the project.

The bowl of the 621B Scraper has a
capacity of 18 cubic yards. We used the

Excavation continues.

Engineer 19



™

-

Erosion-control measures included lining the ditches with dprap.

push-loading method: a DTG Dozer
pushed the scraper o fill the bowl,
simce the scraper lacked the power to
make cuts in the muddy terrain. Two
passes with the scraper equal abour
four paasses with & dosis

Drainage

he drainage plan included odd-
ng ditches along each side of

the road, installing several cul-
vers, and constructing two swales o
channel water fowing out of the
ditches and into the surroundmg forest.
Simce & small stream
through the 150-foot
installed. extentive erosbom-control
measures were required, The 3-fool
bed of gravel thal the colver rests on
prevenls hi& gp::qlrhd risim :-:rnl!rng
away, which would cause the culver o
shift or sag and ithe road 1o Fail prema-
wrely, The grovel bed also ensures that
groundwialer below the streambed is
relensed before it filters up o the road
subgrade. In theory, once the ground is
fightly compacied, groundwater will
filker upward. By providing n relatively

15 channeled
culvert  we
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uncimpacted bayer of stone below the
surface, water moves on the horzontal
axis and exits at the end of the culven
T ensure that the grovel bed would not
become as compacted as the sumound-
ing soil. we placed a laver of synthetic
goodextile fabric in the trench before
taving the gravel, The multilayer weave
of the fabric allows water o pass
through i1 and keeps sand and silt from
butlching up on the gruvel, This fabnc is
the proimary ermsiop-contrel  meassure
undder the entire rond surface, and it
lines the drinage ditches and swales.

When the road wias ot subgrode, we
ndded two |8-inch-diameter culverts 1 o
4 feet below ihe surfece. Cne is at 5t
I7+5%x; it is & control measure o ensure
that excess water from the opstream side
of the road can flow onder the moad and
inte existing diiches. We empisced the
other culvert af S 6+50 so that didches on
the upsiream side of the road can dram
before reaching the makn culvert.

The ditches {or tis road are frape-
msdal. A shallow *V© dich would have
silted up (oo quickly, amd o deep V"
diich would have been more difficull o
emplace and tie nte the existing ler-

rain. The trapeondal diiches have o
Irornl nndd hack 'H.|IIEI|,' ralier of approx
malely 3:1, with the slopes megting
ol the at boltom of the ditch. We
limed the diches with riprap (5- 1o 7-
inch pieces of coral), another erosion-
contro] measure, which also slows the
accumulation of =il throoghour the
length of the ditch,

Low areas in the surmounding tesmain
made wdeal locations lor conslruching
bwn swales, which allow the diching
away [rom the main calvert o empty
back imto the woods and help prevent
owerflow  during severs storms. We
used an 11S0E Dozer to widen, flatten.
and extend each natural swale and then
covered them with riprap.

Our drminage and erosion-controd
plan may seem extreme, but since the
road was constrocted in an environmen-
ially sensitive area, the potential effects
of excessive silt runoff on a nearby lake
wen: a mapor concern, We know that
our  drainage  systemn  works  well,
becavse during construction 1 ralwed
almaosd every n;I.a:.' Wi could see polen
fail :|'.u'|1|,1|.-e_‘.1n:-; and comect them belore
ihe et wits -;.:r|:|r|p|:' le=d,
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Final Grade and Surfacing

he last constmaction phase
T'tm'-nlm:l bringing the entire

rosd surface up o the final
grade by adding additional lifis of
“crush and run,” which consists of
crushed stope and small - 1o 2-inch
stone. Bven though we smultanecusly
spread it on the litle end with the 621
Seraper and on the big end with dump
trucks and o 306G Grader, completing
the task was an extremely slow pro-
ciess, The area io be covered was 1,800
feet long by 23 feat wide, Each pass
with the weraper coversd abhoul 40 {eet.
Then the scraper moved (o the crugh-
and-run stockpile where it was loaded
by n scoop loader, The dump truck and
grader combination was no fasier, As g
E-Fost Lift was completed af ench end, o
smopih-dram compacior made approx -
omately 10 passes (o ensure that the
crughed glone was  well-compacied.
Bome areas only required one 1L
while others required two or three, Al
this point, rainy weather helped us in
Fwo Wy s:

® i controlled the dust from the
slome and kepl i from obsguring
the operator’s view.

m It facilitnted the compaction
proceus.

Thie lust section of the roxd o be
brought up to final grade was the main
culveri area, We shaped the super-
elevated curve over the main culver
with the last iwo crushed-asphali kits,
Asphalt provides an excellent base
mabterinl  for the corve, since  if
inoreases resistonce fo the shearing
effects of heavy loads. Asphali is also
ensier to shape than crushed stone.

The main problem we had in this
section of road wis trying to spread
stone with the grader while maintain-
ing the saper elevation. Once we
spread the stone, the compacior had to
mll the area withoat flafening the
slope. When compacting was finished,
we identified high and low spols and
filled or cut them using a grader,

Marck IS

I Completion

uring the nine months spent an
the project, the summounding area
had been scraped and plowed
and had tire s everywhere, As we
cleared mone and more area for ditching
and munodff, we siockpiled the Tl and
debris off 1w the side. Each of these
piles had to be moved and consolidated
into one lorge pile for the bunker
project. Large tree stumps dug out dur-
ing construction had to be hauled away,
and damaped trees had o be cut down
and removed, We also removed the silt
fencing used o profect the stream dier-
ing construction and cleared and graded
approximately 40 feel on each side of
the road.
In open areas, we sowed griss seed
and covered W owath straw, Where there
| were trees and bare iopsol, we added
mulch for erosion protection, We placed
riprap in the ditches and around the main
culver. A lencing  contractor  had
| instalied faies ut each end of the road
about one fool sbove the final grade,
From 4 secorly standpoint, the gales
could be easly breached; o addition,
they were not aeshetically pleasing, We
pulled the comer posts, reset the gotes o
an approprinte  height, and anchored
them with new comcreie. At lnst we were
ready for o final inspection by the facili-
Lies MAIMERance engineers.
| In the main portion of the inspec
tion, the engineers compared the as-
built plans with the original plans 1o
ensure that changes made during con-
struction were suthorized by the design
| engineers. Onoe they were satisfied that
the roead was properly constructed, the
engineers conducted a walk-throogh
that emphasized the dmsinage and ero-
skion-conirol measares. They were satis-
fied with the end prodoct but added
| two more tasks:

B Dig oul the silt buildup at the
downstream end of the main cul-
werl

B Remove a small concreme culvert
that restnicted the flow of waer
upstreanm.

After completing these fasks, the
rogd was officially finished, and it was
time for the ribbon-cutting ceremony.
The entire sguadron withessed the nb-
bon cutting and road dedication. The
Marine Corps Air Station commanding
general presenied five Mavy Achieve-
ment Medals for the hard work and
dedication that went info this project.

|

B Do ot overestimate the capahili-
ties of your unil. The squadron
commander ¢ommitted the engi-
neer division fo the project know-
ing that we luwked adequate
trnining or experience. The posi-
tive effect was that the project
nliowed the equipmeni operniors (o
become thoroughly trained. Some
of these Mannes had only n few
hours of operuting ime on vanoos
pieces of heavy equipment when
this project began. By the time we
were [inished, eoch operator hod
attnined a high level of proficiency
on several piecces of equipment.

Lessons Learned

learned many  valuible  lessons
from this project.

B Learn to cope with various com.
mand relationships. Throughout the
project i seemed thal éveryone on
base was directing the project,
including facilitics engineers, envi-
ronmental represeniatives, design
engincers, and my supervisors,
This was a case where wsing the
chain of command was crocial. If
someone outside of my chain of
command wanted fo change some-
thing, they first had to convinee my
commander. This allowed me 1o
build the road as it wos designed
and retain contral of what hap-
poened at the work siie,

B When vou are in charge of a
project, MAENAgE YOUr TesouTCes
wisely. Adjust the ime line to mest
changing demands, Keep your unit
informed about all aspects of the

{ Conrinued on page 23]
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We cannot effectively do either of
these functions without a comprehen-
sive understanding of how terrain
affects the movement of friendly and
enemy forces. In our beginning edu-
cation as young engineer lieutenants,
we are taught how to site obstacles
for the greatest effect. You could call
this “Terrain Appreciation 101.” No
other member of the combined arms
team receives such education. They
may receive the basics in how to
identify key and decisive terrain, but
the nuances of how terrain affects the
movement to and from that decisive
terrain is taught only to engineers.

In reality, we practice our terrain
visualization expertise every day,
generally without giving it a second
thought. Every time we advise a com-
mander on the correct placement of
an obstacle or obstacle belt to achieve
the desired effect, or recommend
shifting a battle position to achieve
better engagement area coverage or
gain increased survivability, we are
using our terrain evaluation skills to
assist the supported commander in
“visualizing” terrain effects. In sup-
port of the offense, we help define
where the enemy might set defenses
based on the limiting effects of the
terrain, or where he might emplace
obstacles to create advantage from
the opportunities afforded by the ter-
rain. We do this throughout our
careers at every level of command
and staff. As a division engineer,
both as a battalion commander and
later as a brigade commander, the
division commander expected me to
study the area of operations and to
advise him of the opportunities it
offered for us to gain advantage over
the enemy.

So, the idea of being the “Terrain
Visualization Experts” for the Army
is really nothing new. It is something
that we, as well-trained engineers
supporting our maneuver command-
ers, have always done, and it is an
important contribution to countless
successes on the combined arms bat-
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tlefield. As the Army moves to the
21st century, this contribution will
grow in importance as dispersed,
noncontiguous operations and greater
reliance on increased mobility
expand the battlespace and increased
tempo reduces the time available to
see and understand battlespace
effects. Maneuver commanders must
know they can turn with confidence
to their engineers to assist them in the
critical function of “visualizing” the
terrain. As the tempo of operations
increases, our ability to modify the
terrain to our advantage decreases.

Moving Ahead

n future battlefields, we will
Obe forced to rely heavily on

wielding terrain as it already
exists as a combat multiplier. We can
do this if we clearly understand the
terrain and its effects on the men and
machines that move on it.

The transition to digital topo-
graphic data and the increasing capa-
bility of our terrain-analysis tools
will permit the technical experts (the
topographic engineer warrant offic-
ers) to provide increasingly complex
analysis products. These products
will increase our understanding of the
terrain and its effects. When coupled
with our knowledge of friendly and
enemy capabilities and intentions,
these products will help us identify
the terrain effects to be exploited.
Then we must impart this knowledge
to the commanders we support. We
must help them visualize the terrain
early in the planning process so our
forces can exploit its effects to our
advantage. That is the engineers’
role. After all, we (the topographic
engineer warrant officers and the
combat engineers) are the experts!

COL Amold, currently assigned to
Fort Leonard Wood, serves as Director of
Battle Lab Support in charge of the
Maneuver Support Battle Lab. He is also
the interim TRADOC Program Integra-
tion Officer for Terrain Data (TPIO-TD).

(Continued from page 21.)

project, and ensure that they under-
stand why something is done a cer-
tain way. When you must work on
weekends to maintain the time line,
be creative in your efforts to keep
up morale. These are a leader’s
obligations.

B When planning a project, try to
anticipate events or factors that
may impede progress. Weather
and terrain may influence construc-
tion projects dramatically. Building
a road during the cold, rainy winter
in North Carolina is not a good
idea. The ground may be solid and
dry during the summer, but it is
muddy and flooded in winter. Be
aware of training and deployment
schedules, It would not be wise to
begin a project and then lose half
of the unit to a deployment.

B As aleader you must set the exam-
ple. You must do anything that you
ask your unit to do. You must be a
teacher, a counselor, and a role
model. You must earn their trust
and confidence.

No one can control all of the factors
that affect a construction schedule. Dur-
ing the construction of Ordnance Point
Road, I had daily operations meetings
to attend, formations and inspections to
conduct, and concurrent projects to
oversee. There will always be some
resource constraints in any construction
project. Personnel, time, and equipment
are your most valuable resources. The
success or failure of the project depends
on how well you use these resources.

Captain Bowers serves with the 8th
Engineer Support Battalion, Camp
Lejeune, North Carolina. He previ-
ously served as the Engineer Opera-
tions Division OIC, MWSS-274,
MWSG-27, 2d MAW, Cherry Point,
North Carolina. CAPT Bowers is a
graduate of the Engineer Officer
Advanced Course, Fort Leonard Woad,
Missourt,
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