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FOREWORD

Engineer Field Manual, Volume II, Military Engineering, is
a compendium of technical information and suggestions as to
the conduct of the most common operations undertaken by engi-
neer troops in the theater of operations. The user of this manual
should recognize that local conditions in the field will always
profoundly affect the application of the principles and formulas
given herein. The manual contains suggestions and guides to
judgment rather than regulations to be rigidly adhered to.
The manual will be published in three parts as follows:
Part One. Communications:
Chapter 1. Roads.
2. Bridges.
3. Military railways.
4. Surveys and maps. (This chapter will
be published when it becomes neces-
sary to revise TM 2180-30 and 2180—
37.).
Part Two. Defensive measures:
Chapter 1. Camouflage.
2. Field fortifications.
3. Explosives and demolitions.
Part Three. Construction and utilities:
Chapter 1. General construction.
2. Water supply.
3. Light and power.
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ENGINEER FIELD MANUAL
VOLUME II, MILITARY ENGINEEBING
(TENTATIVE)

Part One

Communications

(The matter contained herein supersedes TR 445-170, June 29, 1929 (including C1,
January 2, 1981); 445-205, July 18, 1923; 445-210, January 24, 1925; 4456-220, July 13,
1923 (including C1, January 2, 1931) ; 4456-280, November 28, 1924; and 445-235, July
18, 1923; Military Railways, Edition of 1917 (Professional Papers No. 82, Corps of
Engineers, U. S. Army), and the Ponton Manusl, 1917. Volume II supersedes the
Engineer Field Manual, Edition of 1918 (Professional Papers of the Corps of Engi-
neers, U. 8. Army, No. 28).)

CHAPTER 1
ROADS

Paragraphs
8ectioN I. General principles ——— 1-10
II. Reconnaissance. 11-16
IIL. ConStruction ..o oo e ecmcccm e mmmm e 17-29
IV. Maintenance and repairs_._____...__ - 30-39
V. Reference data__.____. 40-44
VI, Plant and equipment..___._____ - 45-50

Section I

GENERAL PRINCIPLES

1. General.—Economy of time, material, transportation, and
labor requires the maximum utilization of the existing road net.
New road construction is held to the minimum by the repair
and maintenance of existing roads, meeting increased demands
by increasing the capacity of existing roads rather than by
undertaking new construction. Under the heavy and contin-
uous traffic of operations, maintenance alone entails a large
supply of materials with much plant and a considerable force.
Experience has shown, however, that certain new road construc-
tion is necessary in connection with base establishments, and
in major operations new roads of emergency construction are
often required to facilitate supply and the movement of artillery.

1
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2. Trafic demands.—Road traffic is at a maximum during
offensive operations when, in addition to food, forage, and oil,
demands for ammunition and engineer materials are at their
highest. The exploitation of a tactical success requires that the
advance of troops be not halted on account of lack of supplies.
The roads in the forward areas must therefore be made passable
as soon as practicable for animal-drawn vehicles, field and com-
bat trains, and field artillery.

8. Road capacity.—By the capacity of a road is meant the
maximum practicable transport tonnage which can be moved over
it in a given period of time. This is dependent upon the width,
structural character, and condition of the road and upon the reg-
ulation of the traffic. The capacity of a road may be limited by
the capacity of its bridges. These may fix the character of traf-
fic loads which may be permitted to use the road, and, if narrow
and at fairly short intervals along the road, may limit the number
of lanes of traffic which the road might otherwise be suitable to
carry. The amount of transportation which can use a given road
in a given period of time depends upon the speed at which the
vehicles are permitted to travel and the interval between the
vehicles. Experience indicates that the amount of transporta-
tion is not increased by excessive speeds, since these imply a
corresponding increase of interval between vehicles for safety.
Excessive speeds increase maintenance requirements, and hence
the capacity of a road is also limited by the question of mainte-
nance.

4. Tactical requirements.—At least one road for two col-
umns of traffic or its equivalent is necessary for each infantry
division in line. This distribution would normally give the
division 1 road, the corps 2 roads, and the army 6. The distance
at which troops can be supplied by a road varies with the road
condition. In the World War this was found to vary from 60 to
75 miles from the railhead.

5. Traffic regulation on roads.—In order that the roads
may give the maximum of service, it is necessary to regulate traf-
fic both as to direction and speed and to separate slowly moving
columns from rapidly moving columns. High speed causes great
destructive effect upon the roads, expecially on curves and on the
edges. The principal destructive effect is produced by the driv-
ing wheels, which produce a shearing force between the wheel and
the road. This force increases with the speed and weight of the
vehicles. In the preparation of traffic-control regulations the
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engineers should be consulted as to the classes of vehicles alic
on various roads, their speeds and direction of movement.

6. Nomenclature.—a. Foundation.—The portion of the road-
way below and supporting the crust.

b. Subgrade.—The upper surface of the native foundation on
which is placed the road metal or the artificial foundation, in case
the latter is provided.

¢. Crust—That portion of a macadam or similar roadway
above the foundation consisting of the road metal proper with its
bonding agent or binder.

d. Artifictal foundation (base).—That layer of the foundation
especially placed on the subgrade for the purpose of reinforcing
the supporting power of the latter itself and composed of material
different from that of the subgrade proper.

e. Ditch.—The open side drain of a road, usually deep in pro-
portion to its width and unpaved.

f. Shoulder.—The portion of the road between the edge of the
metal and the ditch, gutter, slope, or watercourse.

g. Wearing course.—The course of the crust exposed to traffic.

h. Crown.—The rise in cross section from the lowest to the
highest part of the finished road.

i. Grade—The profile of the center of the road, or its rate of
rise or fall; slope.

Jj. Road metal.—Broken stone, gravel, slag, or similar material.
used in road construction or maintenance. .

k. Awial road.—A road generally perpendicular to the front,,
and designated as main traffic artery of a division or higher unit..
It should be capable of supporting motor traffic throughout and
may be restricted to that class alone.

l. Lateral road—A road generally parallel to the front; also
called belt road.

m. Reserved road.—A road reserved for one class of traffic only;
for example, for motor traffic.

7. Types.—a. Trails—A trail is a narrow path or.route
suitable for foot traffic, pack animals, and machine-gun carts.
The pathway has a minimum standard width of four feet, but
in cutting trails through thick growth consideration must be
given to the required clearance of the traffic in order that over-
hanging growth may not interfere.

b. Tread roads.—A tread road is one in which. the bearing sur-~
face is prepared for the wheel treads only. This is the simplest
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and most quickly constructed hard-surfaced road. The tread-
ways may be of any available material, including rock, plank or
round timbers.

¢. Wire-mesh roads.—In sandy, desert regions wire-mesh
roads may be constructed, the number of layers of netting
‘depending upon the amount and character of traffic to be
sustained.

d. Corduroy road—The corduroy road is one constructed by
laying longitudinal sleepers of round or split logs across which a
surface of small poles (4 to 6 inch diameter) is spiked. Such a
road is used in crossing soft ground and for the improvement of
an existing soft roadbed. It has a rough surface, uncomfortable
for passengers and hard on transportation; but the resistance to
traction is much less than would be expected, and the rough and
slightly yielding surface affords excellent footing for animals.
Construction is easy and rapid.

e. Plank roads.—Plank roads are used to provide for the rapid
advance of heavy traffic where existing earth roads are unable to
sustain it or where the ground is too soft or the time too limited
for any other type of new construction; also for turnouts, de-
tours, and parking spaces at supply points where construction is
comparatively easy and very rapid. In damp weather, vehicles
and animals have difficulty obtaining traction on plank-surfaced
roads where there is much grade.

f. Earth roads.—Earth roads are crowned roadways without a
hard surface. These are widely prevalent in the United States
and constitute a large percentage of the total road mileage. The
mileage capable of sustained motor traffic is, however, a small
percentage of the whole. In certain seasons of the year earth
roads are impassable for motor traffic for considerable periods of
time—as high as five months in some sections—and for heavy ‘ani-
mal traffic for lesser periods. In the Tropics they are dependa-
ble for only about four months in the year.

g. Gravel roads—On account of the wide prevalence of gravel
in the United States a large mileage of this type of road has been
built. Natural gravel roads from material as taken from the pit,
if reasonably available, can be constructed at a relatively rapid
rate, and they are entirely suitable for military traffic, if properly
maintained.

h. Macadam roads.—A macadam road is one whose crust is
composed of stone or similar material broken into irregular angu-
lar fragments compacted so as to be interlocked and mechani-
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cally bound to the utmost extent. When it is bound by the aid
of water, it is called a water-bound road. Experience gained
during the World War indicated that the water-bound macadam
road constructed with artificial base on the Telford principle is
entirely suitable to bear the heavy traffic of modern war. Its
construction is a slow process.

1. Other types—Concrete and bituminous roads are used for
military operations where they exist but new construction with
these materials is not undertaken on account of the scarcity of
materials, slowness of construction and expert personnel re-
quired. '

8. Dimensions, gradient, and curvature.—a. Dimensions.—
A road for a single column of traffic must be 9 feet wide.
A road for two columns of traffic must be 18 feet wide. These
dimensions include only the metaled surface of the road and do
not include the shoulders and ditches. Trails should be at least
4 feet wide.

b. Gradient.—Grades are limited in their maximum by the
practicability of the traffic to negotiate them. Steep slopes are
very fatiguing to animals. Long steady ascents should be broken
by short lengths of easy grade. In the case of motor traffic, the
question of gradient does not assume the importance attached to
it when animal traction alone is considered. Motor vehicles can
negotiate all grades which animal-drawn traffic is required to use,
and therefore the latter only need be considered when deciding
upon ruling gradients. The wear and tear upon the road caused
by motor traffic, however, increase rapidly with the grade and
for this reason it is desirable to keep it as easy as possible. The
maximum grade should not exceed 10 per cent. The mini-
mum grade should not be less than one-half of 1 per cent in
order to provide for drainage.

¢. Curvature.~For motor traffic a curve should have aminimum
radius of about 150 feet and for animal-drawn traffic one of
about 50 feet. A curve at the top or bottom of a hill is objec-
tionable. It isthe practice to give roads extra width at curves to
facilitate fast traffic. The extra width is provided on the inside
of the curve and is eased back to the normal width of the road on
the tangent. For military purposes it is sufficient to increase the
width on sharp curves, 4% feet for one-track roads and 1% feet
for two-track roads.

9. Materials.—In order to expedite construction, recon-
struction, or repair and to conserve transportation, military road
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construction utilizes local materials wherever possible. These
materials may be earth, gravel, shell, cinders, rock, or timber.

10. Traffic signs.—a. Necessity.—Traffic signs, now univer-
sally used in peace, are much more necessary in war to guide con-
stantly shifting troops and transport in unfamiliar regions. They
are used to mark dangerous curves and crossings; geographical
locations, such as towns and villages and the important points
therein; crossroads and road junctions, indicating where the roads
lead therefrom; the location of and direction to important mili-
tary centers, such as unit headquarters, depots, parks, dumps,
refilling and relay points, airdromes, hospitals, ambulance stations,
collecting stations, aid stations, distributing points, railheads,
regulating stations, and other establishments. ~Engineers are
equipped to prepare road traffic signs. Road and traffic signs
are placed by or under the supervision of the engineers in accord-
ance with the road circulation plan.

b. Character—Traffic signs should be arranged so as to be
unmistakable in their meaning and so simple as to be quickly
understood. Their size should be commensurate with their pur-
pose. Signs along a trail used only by foot troops need be no
larger than necessary for one to read while walking by, the letters
being from 1} to 5 inches high. On principal roads signs should
be large enough to be read from fast-moving automobiles, the
letters being from 12 to 18 inches high. The letters should be
in sharp contrast to their background; white letters on black
background facilitate night reading, although black against white
is suitable. If available, luminous paint should be used. Es-
pecially important signs should be illuminated by lanterns or
electric lights at night if the situation permits. To catch the
eye quickly and to aid illiterates distinguishing marks should be
used, such as division or arm or service insignia where applicable.
Direction arrows should be directive and clear.

Secrion I1
RECONNAISSANCE

11. Xinds of road reconnaissance.—a. Road reconnais-
sance may be one of four kinds:

(1) A reconnaissance for information of roads to be used as a
basis for tactical operations. )

(2) A reconnaissance to obtain technical data to be used on the
basis of engineering road operations.
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(3) A location reconnaissance for new road construction.

(4) Periodical inspections.

b. The resulting report depends upon the uses to which the
report is to be put and may vary from a simple statement as to
the condition and capacity of the highways to a complete cata-
logue of all information concerning the road net within the
theater.

12. Reconnaissance for tactical purposes.—a. Informa+
tion desired.—The reconnaissance to obtain information concern-
ing the roads which is to be the basis for the tactical plans of the
commander aims at determining four important facts:

(1) The location of the roads.~—This information is such as is
shown upon an up-to-date map or an aerial photograph mosaic
of the area.

(2) The load-bearing strength of the roads; that is, whether suit-
able for general traffic including fully loaded trucks or whether
limited to light motor vehicles and animal-drawn vehicles,

(3) The width of the roads; that is, whether they will accom-
modate one, two, or more lines of traffic.

(4) The condition of the roads; that is, whether passable or

impassable.
In addition to the foregoing, the reconnaissance should bring out
in certain situations the location of any critical points at which
enemy activity against the roads might vitally affect our opera-
tions, and should also determine what roads are visible from the
enemy position and hence restricted to night traffic unless
camouflaged.

b. The report.—The report of this kind of a reconnaissance is
used by the staff in making up tactical plans, plans for the loca-
tion of supply installations which depend upon roads, and plans
for the circulation of traffic during operations. To best serve
this purpose, the report should be brief and should present the
essential facts graphically, if possible. A very suitable report
may be prepared by marking with appropriately colored pencils
on a map or on aerial photographs. For example, all roads suita-
ble for general two lines of traffic might be shown in blue; all
roads suitable for only animal-drawn traffic might be shown in
red; roads which are impassable due to weather, enemy activ-
ity, or demolitions might be shown with a broken line.

13. Reconnaissance for engineering data.—The first
reconnaissance made to obtain engineering data is similar to the
tactical reconnaissance described in the previous paragraph and
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becomes the basis for the first disposition of engineer troops upon
road work. All of the information obtained as for a tactical
reconnaissance is necessary for engineering purposes. In addition
a more detailed reconnaissance should be made to determine the
gradients, especially the very steep ones; the location, condition,
and capacity of all bridges and culverts; the kind of surface,
whether macadam, gravel or concrete; the dimensions including,
1f possible to obtain it, the depth of the metal surface; the actual
location of the needed repairs together with an estimate of the
men, materials, transportation and the time required to effect
the repairs; and the location and kind of all local materials such
as rock, timber, corduroy, or gravel, which might be used in road
work.

14. Location reconnaissance for new road construec-
tion.—a. Hasty location.—In the forward areas of the combat
zone where careful location is prohibited by lack of time and
enemy activities, roads and trails are located largely by eye,
after personal reconnaissance. In the rear areas of the combat
zone the location is as careful as conditions permit, since careful
location economizes material and labor. In either case, the road
islocated by the use of a map, if available, and aerial photographs.
If neither of these is available, sketch maps may be made by the
usual reconnaissance methods. The location, while primarily
such as will satisfy the demands of military operations, aims at
keeping the earthwork, cuts, and fills to a minimum and econo-
mizing in the haulage of surface materials, The alignment and
grade of the road are indicated to the constructing troops by
means of stakes on the center line at 50-foot intervals. The cut
or fill is marked on the side of the stake.

b. Careful location.—When time is available, the steps in the
location of a road are—

(1) The reconnaissance with the best available map to deter-
mine which of several possible routes should be selected.

(2) The preliminary locaiion.—A detailed survey according
to the accurate methods of topographic surveying of a belt of
terrain on the general route selected, sufficiently wide to include
all probable locations. It gives the data for final location and
construction. The main traverse is run on the most probable
location.

(3) The final location of the center line of the road as determined
from the map and notes of the preliminary location. This is
placed on the map and then staked out on the ground.
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15. Estimating earthwork.—The profile of the ground
along the center line of the selected route is plotted on profile
paper to a convenient scale. In order to magnify the irregular-
ities the vertical scale is taken about ten times the horizontal
scale. The axis of the road is then represented by drawing on
the profile a line so located as to equalize the cuts and fills as far
as practicable and at the same time keep the gradient at any
point not greater than the adopted maximum. To estimate
roughly the volume of earthwork in cut and fill, cross sections of
the route taken in the field at intervals are plotted to scale on
cross section paper. The surface and side slopes of the roadbed
at each cross section are then plotted, the elevation of the center
of the road being read off the profile. The area of the cross sec-
tion of cut or fill may be estimated by measuring the area thus
enclosed with a planimeter or by simply counting the squares of
cross section paper embraced within the indicated lines. The
volumes of cuts or fills may, with sufficient accuracy, be deter-
mined from the end-area formula:

_(A+4) L
V=" Xy

Where V=volume of cut or fill in cubic yards.
A,=area of cross section at one end in square feet.
A;=area of cross section at other end in square feet.
L=distance between cross sections in feet.

16. Periodical inspections.—Periodical inspections are
made in connection with road maintenance. Their purpose is to
determine the conditions on all the roads, the density of traffic
using the roads, progress of maintenance work, and the resulfs
of various methods of maintenance. The resulting reports are
used to keep an up-to-date road situation map which is used as a
basis both for tactical and supply operations and for the em-
ployment of road maintenance troops.

SecTion III

CONSTRUCTION

17. Fundamental principles.—a. Construction.—There are
certain fundamental principles underlying the construction of
any road, neglect of which will cause trouble in maintenance and
repairs, and often failure; they are as follows:

(1) Dreinage.—The road must be efficiently drained; drainage
is its life.

66684 °—32 2
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(2) Foundation.—The foundation must be well prepared,
drained, and consolidated.

(3) The lower course of metal roads, called base or artificial
foundation, must be firm.

(4) The upper course of metal roads in contact with traffic,
called wearing course, must be hard enough to sustain the traffic
and to resist excessive wear.

b. Drainage—Drainage is accomplished by the following
means:

(1) By providing at least the minimum grade, crown, and
slope to subgrade, road surface, and shoulders.

(2) By providing side ditches of sufficient width, depth, and
bottom grade. Ditches should generally be at least 2% feet deep,
and the bottom should be not less than 1 foot below the sub-

=7
4 Side Drala

F1GURE 1.—Ditch and side drain

grade level. To prevent caving they may be revetted with stone,
lumber, hurdles, ete.

* (3) By providing side (catch water) drains along cuts and
side hills to intercept the surface water and discharge it at inter-
vals into the ditches or natural watercourses. It may be neces-
sary to revet these to prevent caving. Figure 1 is a typical cross
section showing ditch and side drain.

(4) By providing, on clay soils, an impermeable base, to act
as a seal and prevent mud working up through the crust, and
cross drains across the road connecting the ditches.

(5) By compacting an impervious crust.

(6) By providing bridges and culverts at the crossings of
streams and dry runs to care for large quantities of water which
cross the line of the road.

18. Culverts.—a. On temporary roads these will usually be
of the simplest kind. If planking and timbers are available,
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boxes, square or rectangular in cross section, may be constructed
for the purpose. Care should be taken to make them amply
strong to withstand the loads passing over them. If galvanized
iron pipe is used, it should be covered with at least 18 inches of
earth. Wider ditches, up to 12 feet, may be bridged by laying
round stringers at least 10 inches in diameter, or 3 by 12 inch
stringers, lengthwise of the road and placing on these poles 4 to
6 inches in diameter or 3 by 12 inch plank for decking. Round-
pole decking should be covered with sufficient earth, gravel, or
sod to form a fairly smooth roadway.

b. Where materials for culverts or bridges can not be obtained,
small streams or ditches may be crossed by sloping down the

@ Longitudinal Section A-A
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F1GURE 2.—Stone culvert

banks and paving the bottom with large, nearly flat, stones.
This method has proved very useful in arid or semiarid regions.
Concrete can be used in such cases or large stones, using concrete
to fill the voids and to make a smooth surface. To prevent being
washed out, paving material should be laid with its wearing sur-
face flush with the general elevation of the stream bed. It is
usually advisable to lay riprap on the downstream side to prevent
undermining by backwash.

¢. In some localities it will be found that a comparatively small
amount of water has worn a ravine of considerable size. This
occurs where the soil is light and easily eroded after droughts, as
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in arid climates. In such cases a brief investigation of the drain-
age area will determine the size of the culvert. Culverts should
always be made larger than appears necessary, as otherwise they
are almost certain to be too small.

d. The sides of culverts may be revetted by driving stakes and
placing brush back of the stakes. In any case, the stringers
should have a bearing of not less than 4 feet at each end to allow
for erosion of the sides of the ditch.

e. Many formulas have been devised for obtaining the cross
section area of culverts and bridges. The more complicated
formulas are, of course, the more exact, if all the conditions of
rainfall and run-off are known, but this is very seldom the case,
even in civil practice, and hence great refinement in such compu-
tations is a waste of time. For all military purposes, the follow-
ing formulas will suffice. For tropical climates where the rain-
fall is very great, the values obtained from either formula must
be increased from 50 to 100 per cent. For arid climates, on the
other hand, the values should be decreased, except for hilly and
mountainous sections up to 1,000 acres, where local thunder-
showers, over comparatively small areas, may make demands
fully as great as anywhere except in the Tropics.

f. The formula used in the United States between the Ohio
River and the Gulf of Mexico, and which is safe for any similar
country with similar conditions as to total rainfall and rainfall of
storms, is as follows:

A=CVD?

A=area in square feet of cross section of culvert.
C=3/10 to 7/10, depending on character of terrain, the
smaller for fairly flat country and the larger for
very hilly or mountainous country, and intermedi-
ate values for intermediate country.
D=drainage area in acres.
Myer’s formula is as follows:
A=CyD
A=area in square feet of cross section of culvert.
C=constant=1.0 for flat or slightly rolling ground; 1.5
for hilly ground; 4.0 for mountainous or rocky
ground.
D=drainage area in acres.
This formula'is used by the Northern Pacific Railroad across the
plains from Minnesota to the Pacific, and is therefore excellent



ENGINEER FIELD MANTUAL 13

for that or similar territory and rainfall. Figures 2, 3, and 4
show sections of culverts of various types suitable for military
purposes.

19. Road structure.—a. Foundation.—(1) Soils of founda-
tions may be classed as permeable, impermeable, and solid rock.
Permeable soils of sand and gravel give little trouble. On rock
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FicURE 3.—Log culvert

it may be advisable to place a cushion layer of sand to prevent
pulverization of the metal. Impermeable clay soils present the
most trouble. Water will not percolate through them and must
be rapidly drained off. If a clay foundation is allowed to become
water-soaked it will quickly be transformed into mud, which will

@ Longitudinal Section

Q@ CrossSection CSirrgle) @) CrossSection (Double)
FIGURE 4. —Lumber culvert

work up through the road crust under pressure of traffic and
destroy it.

(2) Figure 5 shows typical details of foundation drainage.

(3) Figure 6 shows typical cross sections of covered drains.

b. Artificial foundation (base).—This is the lower course of
large metal material typically characteristic of the macadam
roads applying the Telford principle. Practice in the United
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States varies as to sizes of stone for this course; depth as set on
edge varies from 5 to 8 inches; width from 4 to 10 inches; length
from 6 to 18 inches. It must be strong enough, and of sufficient
elasticity, to bear the pressure of the traffic without permanent
displacement or crushing; thick enough to distribute the pressure
over the foundation, so that the latter is not stressed beyond its
bearing power; and permeable enough to permit water to drain
through it to the foundation.

¢. Wearing course.~This should provide a hard, smooth sur-
face for traffic, a waterproof covering for the road, and a wear-
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FI1GURE 5.—Foundation drainage (cross sections)

resisting medium for the protection of the artificial foundation
(base) beneath. For metal roads the harder varieties of rock,
such as trap, furnish the best wearing surfaces. Granite requires
a cementing material. Limestone is used extensively, due to
wide distribution, but it wears rapidly under heavy traffic.

20. Macadam roads.—a. The following are the steps in the
construction of a water-bound macadam road with Telford artifi-
cial foundation:



ENGINEER FIELD MANUAL 15

(1) Clearing.—Clear the right of way for the necessary width
on each side of the centeg line of all trees, brush, and other vege-
table matter. Trees are cut down with axes and saws or explo-
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FIGURE 6.—Covered drains

sives, and removed in the most expeditious manner, whole or in
sections. When stumps are to be grubbed the trees are usually
cut above, but not over three feet from, the ground; if the stumps
are to be left, it is customary to cut off the trees at the level of the
ground.
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(2) Grubbing—Clear the space required for the roadbed
and necessary shoulders and side draing by grubbing all stumps
and other vegetable matter. In fills over one foot high it is
unnecessary to remove stumps that are cut flush with the ground.
Stumps may be removed by digging, pulling, burning, blasting,
or a combination of these methods. Burning and digging are
processes generally too slow for military work. When the
stumps are few and small, pulling is a rapid method. This is
accomplished by specially constructed stump pullers, by trac-
tion or donkey engines, or with animals. For the removal of
large scattered stumps, explosive alone is the most rapid and
economical method both in civil and military practice. For the
removal of large stumps in considerable numbers a combina-
tion of blasting and pulling is the most efficient method. Explo-
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FiGURE 7.—Road templet

sives split the stumps which are pulled by tractor or other pullers
noted above.

(3) Grading.~—This term comprises all the work preliminary
to the finished shaping and includes practically all earthwork.
Cuts and fills are made according to survey or sketch notes and
data transferred to the grade stakes. Slope stakes mark the
limits of cuts and fills. In making fills the earth should be de-
posited in thin layers, 6 to 8 inches deep, extending from slope
to slope, and each layer well compacted either with a roller or
by driving over it with wagons in the process of the work. Cuts
and fills are made with various types of equipment, varying from
pick and hand shovel to steam shovel, steam roller, and large
dump trucks. Allowance must be made for shrinkage, which
will seldom be less than 10 per cent. For approximate estimates
of shrinkage 15 per cent may be used for fills over 2 feet deep
and 20 per cent for fills less shan 2 feet deep.
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(4) Preparing subyrade.~The sub- ',4,,7";:'
grade excavation is usually a shallow o3
trench of which the surface (subgrade) is 3 g
parallel to the finished surface of the § £
road and of the same width. The sides Wk z N
of the trench, which serve to hold the DS 8§
stone in place, are formed by the earth E{:’“ "g

1) Y

shoulders at least four feet in width.
The subgrade should be brought to true
line and grade and be thoroughly com-
pacted with a steam roller. Any low
spots which appear during compaction
should be brought up to grade with
good material and rerolled. The use
of a templet is advisable to obtain the §
crown. Figure 7 shows elevation of the 8.
templet for this purpose. N

(5) Ditches and drains.—These should
be executed simultaneously with the &
subgrade.

(6) Laying base—This consists of
large stones of about 8 inches in width
laid with their greatest length across
the road, breaking joints, largest edge
down ““and not on the flat” (Tresaguet)
with the interstices filled with smaller
stone. Thiscourse should be rolled when
time permits. Hand laying is a very
slow process. Telford roads are con-
structed in the United States by dump-
ing large stones in loose ‘“if the stone ¢
is a granite or trap that breaks out in Y
irregular pieces or if cobblestones are
used.”” This method will make a satis-
factory road and should be adopted |
when the time factor demands.

(7) Completion of crust.—Lay a 4%-
inch layer of broken stone (2 to 2%
inches) and roll thoroughly. If time
and materials permit, lay a second
similar layer of slightly smaller stone
and roll likewise. Finish off the sur-
face by rolling in stone screenings
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FI1GURE 8.—Macadam road, 18-foot
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or gravel, and finally sand with water. Rolling is a slow
process and may be impracticable; then the road must be com-
pacted under traffic and should be kept shaped up during the
process to prevent the formation of ruts and holes, extra material
being added where necessary. o

(8) Traffic guards—Where shoulders are too soft to permit
vehicles, place pickets, large stones, or mounds of earth at inter- -

¥ L Suriace Screenings

15y er-153ope-compacred roSf”

_#32oger-27024 Stone -compackd fo 3§
8lager 648K Stne

g Surface

FIGURE 9.—Macadam road, 9-foot

vals on the shoulders at the edges of the metal as guides to keep
the traffic off the shoulders and edges; pickets should be in-
clined outward.

b. Cross secttons.—Figures 8, 9, and 10 illustrate the construc-
tion as described above of water-bound macadam roads. Exca-
vation may be saved by building up shoulders and foundation
with earth excavated from ditches. This requires thorough
compacting of loose material, and outer walls of large stones at
the edges to prevent spreading of the metal and to retain the
shoulders, as illustrated in Figure 10.

compacted 35

o o 0 el 6) 9:0- - 0"
&Pickets 4{».9'-Wamg.mm;r
7

FIGURE 10.—Macadam road (with built-up shoulders)

¢. Widening of macadam roads.—This should be accomplished
by widening equally on both sides if conditions permit. The
earth shoulders should be excavated to a depth sufficient to
admit of laying the artificial foundation and wearing surface,
and to preserve the camber so that drainage into the ditches is
not obstructed. The widening should be carried out only on
one side at a time over a section of the road. The bonding of
the new portions with the old is very important and care should
be exercised to prevent the formation of a ridge that will hold
water on the surface. Figure 11 shows the method of widening
a 9-foot macadam road to 18 feet.
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d. Expedients with metal.—In an emergency some type of tread
road will frequently serve the purpose. This may be macadam,
in which case the road metal is placed in parallel trenches, one
for each wheel tread. Trenches 12 inches deep by 30 inches wide
are usually sufficient. This type of macadam road requires
about half the material and labor of a macadam road. The
tread road may be made of large paving stones placed flat on the
surface of roughly prepared ground. Either type of road may
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FIGURE 11.—Widening old road

be widened and completed by throwing stone between and out-
side the tracks. Old toll tread roads in New Hampshire were
constructed of stone slabs 2 feet square and 4 inches thick, with
the space between filled with cobble stones. Drainage should
be provided as soon as time and labor permit. A properly
ditched and drained tread road meets most of the requirements
for detours and extensions in the forward areas. Turnouts
should be provided to care for passing and disabled vehicles.
Brick, paving stones, or any other road metal may be used in

FIGURE 12.~—Metal-tread road

the construction of the tread road. In its simplest form it
involves merely clearing out the wheel tracks and filling with
some type of road metal. This type of road is particularly
adapted to the hand tools carried by engineer troops. More
rapid excavation can be obtained by plows and scrapers or by
small trenching machines. Figures 12 and 13 show cross sections
of a metal-tread road and a concrete-tread road.

e. Time saving—To construct a macadam road with any
degree of rapidity, machinery must be used to the utmost, deliv-
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eries of stone must be made in large capacity dump trucks, and
the work must be so organized as to proceed simultaneously ata
number of different points. Operations should overlap; grading
should begin as soon as clearing has created working space;
deliveries of stone should begin as soon as grading has progressed
far enough to permit it, etc. When rock delivery can be made
at one working head only, the time of construction is consider-
ably slowed up. By compacting under traffic much time is
saved.

21. Gravel roads.—The roadbed is prepared in accordance
with the time available. The gravel may, in emergency, be
placed on level ground upon the natural surface and compacted
under traffic. For heavy traffic a 10-inch crust should be pro-
vided. When the natural material is deficient in binding
elements, clay may be added. Figure 14 shows a typical cross
section of a gravel road as built in the United States. In emer-

FIGURE 13.—Concrete-tread road

gency work, time may be saved by the construction of a gravel-
tread road.

22. Earth roads.—a. General.—In general, it may be said
that earth roads are not suitable for continuous military traffic.
The supporting power of cohesive, compacted earth, moist but
not wet, is sufficient to bear, without objectionable indentation,
the weights on hoofs and wheels which result from ordinary
animal-drawn transportation and very light motor transporta-
tion. However, when wet, the supporting power of the same
earth is insufficient. Nevertheless, earth roads under favorable
conditions may support military traffic for a limited but very
vital time, and the earth road itself constitutes a subgrade for
later improvement by the application of metal surface. The
quality of the earth has a great influence upon its behavior in
the road. Clay compacts well, but will not drain. Sand drains
well, but usually will not pack. A road which is too sandy may
be improved by an admixture of clay and, conversely, a clay road
may be improved by an admixture of sand.

b. Cross section.—The cross section of an earth road depends
upon the character of the earth. Clay soil requires a high crown
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1% inches per foot of width; sandy loam requires a erown of 1
inch per foot of width. Ditches and cross drains are required
as for other types of road.

¢. Construction.—The construction of an earth road is accom-
plished on level terrain by digging the side ditches and casting
the earth toward the center of the road to form the crown. This
work may be done by men with picks and shovels or by the use
of harrows and scrapers drawn by animals. The scraping grader
is a scraper mounted on wheels and adjustable as to height.
It hangs obliquely over the road, the outer end in advance, so
that the surplus earth is pushed toward the center. In the
Southwest, during dry seasons, earth roads are sometimes con-
structed by removing the top layers of dust and soil and using
the firmer surface thus exposed, for the roadway. These road-
ways require frequent removal of dust and loose material.

23. Plank roads for motor transportation.—a. General.—
To sustain motor transportation a plank road must be of sub-
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FIGURE 14.—Typical gravel road

stantial construction; to facilitate supply and construction, the
materials and their dimensions should conform to standard com-
mercial practice. Hardwoods are best but are not plentiful, and
are expensive and difficult to work and handle. Yellow pine is
an entirely suitable material. Floor planks 3 to 4 inches thick
10 to 12 inches wide, and 10 feet long are desirable. The 10-inch
plank is easier to handle than the 12-inch and for this reason is
preferable. Experience gained in the World War shows that an
initial camber of 4 to 6 inches in the eenter of an 18-foot road or
2 or 3 inches between edges of a 9-foot road is essential; in the
wider road the ecamber finally adjusts to 2 or 3 inches. Floor
planks should be spiked to stringers; nailing may be done in emer-
geney, but will not hold, will split hard plank and should be fol-
lowed by spiking. If a plank road is later to be widened, care
must be exercised so that this will be feasible; in some cases it
may be found desirable to make two separate roads. The foun-
dation must be shaped to a plane surface so as to provide a good
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even bearing for the stringers. The stringers settle into the sub-
grade and the roadway planks finally bear on the ground between
them. It is therefore important to have the subgrade smooth so
that settlement will not loosen the planks from the stringers.
Corduroy or fascines may be used for foundations where the
ground is soft.

b. Constructton.—The following are the steps in the construec-
tion of a plank road to sustain motor transportation:

(1) Clear and grub the right of way.

(2) Stake out center line.

(8) Stake out side ditches, leaving a shoulder 4 feet wide on
each side of the roadway.
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FIGURE 15,—Plank road for motor transportation

(4) Grade the foundation so as to provide a 4 to 6 inch rise at
the center for an 18-foot road, or 2 to 3 inch rise on one side for
a 9-foot road.

(5) Lay the stringers, lining them up carefully in regular rows
on about 3-foot centers, breaking joints.

(6) Lay floor planks close together, bore 3-inch holes for spikes,
and spike planks with one spike to every stringer. Stagger
spikes.
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(7) Spike guard rails, with 12-inch gaps between, on each side.

(8) Place pickets at 15-foot centers.

c. Cross section.—Figures 15 and 16 show cross sections of
plank roads; all are suitable for motor transportation.

24. Plank road for animal-drawn transport or passenger
cars.—a. (1) General—Tosustain animal-drawn transportation or
passenger cars, a plank road may be of lighter construction, buitt
as follows: Double lines of 4 by 6 inch stringers are laid flatwise,
2 or 3 inches apart, well bedded and breaking joints; inner edges
of these lines of longitudinal stringers will be about 43 feet apart,
for use with planks 8 feet long.. These floor planks should be 2
inches thick and 10 or 12 inches wide, laid lightly touching, if
wet, or one-fourth inch apart, if dry; each plank should have two
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FIGURE 16.—Plank road for motor transportation

spikes or nails to stringers in each end. Planks should be offset
in blocks of about 20 to facilitate getting back a wheel which
has run off the road. (See fig. 17 @®.)

(2) Alternative construction.—~Under certain conditions each
pair of 4 by 6 inch stringers may be replaced by one 2 by 12 inch
stringer, bedded in the ground. (See fig. 17 ®.)
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b. Plank road for two celumns of traffic.——A 16-foot road is shown
in Figure 18. It is common practice to lay two separate road-
ways, each 8 feet wide, rather than one 16 feet wide, as in the
latter case vehicles tend to use the center of the road, causing
excessive wear.

25. Important points in construction of plank roads.—
The following are points of importance in constructing plank
roads: :

a. In swampy ground a layer of fascines or corduroy placed
under the stringers improves the foundation.

b. Camber should be provided.

¢. Shoulders should be at least 4 feet wide.
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FiGURE 18.—16-foot plank road, animal transportation

d. Ditches should be revetted with brush, plank, or netting,
when necessary.

e. Earth, sand, and gravel are necessary in wet weather to
prevent skidding.

26. Time factor in the construction of plank roads.—
The time factor in the construction of a plank, as of any military
road, is so dependent upon a number of different conditions that
no hard and fast rule can be laid down. Under very unfavorable
conditions in Flanders it was roughly estimated that, over broken,
shelled and low ground, 1 skilled pioneer, served by 4 additional

66684°—32——3
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carriers, could construct 1 yard of 9-foot plank road per day.
The French used a similar type of plank road, which was indeed
their normal method of making detours around damaged sections
of the road in the forward areas. Under these conditions they
estimated that 60 engineers could construct about 400 yards in
10 hours.

27. Plank-tread roads.—To sustain either motor or animal-
drawn transportation some form of tread road may be con-
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FI1GURE 20.—Corduroy road

structed. Two parallel trenches may be dug and the plank
tread laid therein on short cross sleepers; or sleepers 7 or 8 feet
long, embedded or not, may be laid transversely and treads
nailed or spiked to them. Figure 19 @ shows the plan and sec-
tion of a plank-tread road laid in trenches, and @ shows the same
for one of improvised materials.
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28. Corduroy roads.—a. Where timber is procurable locally
a corduroy road may be built over soft ground or over an existing
soft road. This type of road is constructed by laying logs,
split or round, crosswise of the road either on the natural surface
or on longitudinal stringers. In the latter case the surface logs
should be spiked to the longitudinal stringers with -inch spikes
8 to 10 inches long at the rate of one per log per stringer. The
logs should be nearly of the same size and should touch, butts
and tips alternating. If the logs are large the spaces may be
filled with smaller poles. The bottom tier of logs should be
evenly bedded, should have a firm bearing at the ends and should
not ride on the middle. The filling poles should be cut and trim-
med to lie close. If the soil is only moderately soft the logs need
be no longer than the width of the road; in soft marsh it may be
necessary to make them longer. The logs may be utilized as the
wearing surface, and this is usually done. They make a rough
surface, uncomfortable for passengers, and hard on transporta-
tion, but the resistance to traction is much less than would be
expected, and the rough and slightly yielding surface affords
excellent footing for animals. Surface corduroy is very perish-
able. In marshes, where the logs can be placed below the ground
water level, they are preserved from decay, and if any suitable
material can be found to put a thin embankment over them a good
permanent road may be made. Figure 20 shows the plan and
cross section of a corduroy road laid on longitudinal stringers
and also the longitudinal cross section of one laid on the natural
surface.

b. Any tough, fibrous material may be used to harden tempo-
rarily the surface of a road. Hay or straw, tall weeds, corn, and
cane stalks may be employed to good advantage. Such mate-
rials should be laid with the fibers crosswise of the road and cov-
ered with a thin layer of earth thrown on from the sides; in sand,
it is better to dig a shallow trench across the road, fill it with the
available fibrous material, then dig another trench just in front
of and in contact with the first, throwing the sand from it back
onto the material in the earlier trench. Other substitutes for
logs are fascines, hurdles of brushwood, mats of saplings, etc.

¢. A type of road suitable for construction over tidal marshes
or swamps subject to overflow is described as follows: Large
logs with tops and bottoms adzed are laid in three rows as longi-
tudinal stringers, the outer rows being about the tread distance
apart. The space between stringers is ballasted with stone or
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gravel and across them is laid the corduroy flooring about 6
inches in least diameter. Guard rails of lumber are spiked to
piles driven 6 feet into the ground at intervals and extending
about 4 feet above the road surface. Against the outside of the
guard rails an earth bank is carefully thrown up and consolidated.
On the inside of the guard rails an earthen bank is formed. The
space between the guard rails is then filled with stones to the
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F1GURE 21,~—Corduroy-tread road

required level, and shell, gravel, or similar material is spread and
compacted to form the wearing surface.

d. A tread road of corduroy is more difficult to build than one
of plank. Where split logs are used the road is similar to a
plank-tread road. Logs should be firmly wired or dogged to-
gether to act as one mass. Where brush and short material are
available, the material may be laid transversely for each tread.
The construction of a tread road with long material requires
careful bedding of longitudinal timbers; logs should be stag-
gered in lengths. Figure 21 shows such a road.
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29. Wire-mesh roads.—The netting is the ordinary chicken
wire 3 feet wide. Four widths of netting make a roadway about
12 feet wide; the rolls are fastened together with plain wire as
laid. One layer has been found sufficient for light traffic, animal-
drawn, and for passenger cars. Three layers will sustain motor
trucks for short periods in an emergency. Wooden anchoring
pickets are attached with plain wire to the outer edges of the
netting, and are driven at the bottom of holes about 24 feet
deep along the sides of the track at about 6-foot intervals. When
the holes are filled, the tops of the pickets should be well buried,
to prevent tripping and damage. Traffic should never be allowed
to cross a wire-mesh road at right angles. Plank or other suitable
construction must be used at crossings. The wire-mesh road
may be used in conjunction with brush or grass, producing a

Fostened togetherwith plom wire,

Chicken wire

Hole to be

filled Anchored with wire

FIGURE 22.—Construction, wire-mesh road

combination corduroy and wire-mesh road. Figure 22 illustrates
the construction of a 12-foot wire-mesh road.

SecrioN IV
MAINTENANCE AND REPAIRS

30. General.—In the forward areas of a theater of operations,
the maintenance of the roads may present great difficulty to the
corps and division engineers. Shortage of transportation, defi-
ciency of equipment and, above all, a lack of time will usually
combine to make it impossible to undertake any new road con-
struction or even to carry out repair and maintenance work
except of the simplest kind. Such conditions may be assumed
as normal for the forward areas in a war of movement. Where
such situations exist, road maintenance will ordinarily be reduced
to ditching for drainage and to spreading by shovel the gravel
hauled from local pits. A shortage of transportation will often
make it impracticable to secure a sufficient supply of proper
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patching material and will therefore require the use of material
near at hand that would not be considered suitable in civil engi-
neering practice. The following paragraphs should be read with
the foregoing statements in mind. Maintenance work must
usually be done 8o as not to interfere with traffic.

31. Organization.—a. Maintenance.—In war more than in
peace the life of a road depends upon thorough maintenance and
the proper organization and equipment to effect it. The force
employed upon maintenance will depend upon the nature of the
traffic, its intensity, and the character of the roads. There are
two systems of road maintenance in common use in civil practice,
known as “‘patrol’’ and “gang’’ maintenance. In the former a
definite and comparatively short section of road is assigned to a
small party, one or miore men, who constantly patrol the section
and make repairs, on the theory that these should be made as
early as practicable. In the latter a comparatively long section
of road is assigned a large maintenance gang, who go over the
road at infrequent intervals and make repairs. In civil practice
the patrol system is now generally adopted. On military roads
the patrol system must be used, but the patrol is of such a size
as to warrant the designation ‘‘maintenance party.” Engineer
units are assigned to the maintenance of sections of road or to the
road net in a given area. The road or road net is subdivided
among the working units according to the amount of road that
can be covered, due consideration being given to the men and
equipment available, the messing facilities for the men, and the
control of the command. For continuous maintenance night and
day, a combat or general service platoon could be assigned about
5 miles of road.

b. Repairs.—In spite of all maintenance precautions, a road
will finally reach the stage where some more radical treatment is
necessary. If it is an 18-foot road or wider, repairs can usually be
made by treating it one half at a time. On 9-foot roads it is nec-
essary, and on 18-foot roads desirable, to detour traffic for a suf-
ficient period of time to effect the necessary repairs. Where
roads have been destroyed by enemy action, this becomes a
necessity. The troops assigned to a section of road can usually
make minor repairs under the maintenance system; more elabo-
rate repairs must be made by the temporary assignment of addi-
tional means or the utilization of the engineer reserves of the
maintenance unit, and extensive repair must be treated in many
respects as a road construction job in itself.
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c. Materials.—Maintenance materials are placed in small piles
alongside the roads, to be used as needed by the maintenance
party. Under ordinary traffic only two or three tons of material
per mile per day are necessary and this may be carried along in a
truck or in wagons accompanying the maintenance party.
Under heavy traffic in bad weather or under shell fire the require-
ments in maintenance material may run about 50 tons per mile
per day.

32. Macadam roads.—a. Maintenance—(1) Tools and equip-
ment.—~Each maintenance party should be furnished with a suf-
ficient number of the following tools and equipment: Hoe, road
broom, shovel, pick, road rake, scythe, wheelbarrow, tamper,
sledge, roller.

(2) Drains.—The most important consideration in the mainte-
nance of any road is to keep off the water. To this end particular
attention must be paid to keep the ditches and drains open and
the water running, by removmg all obstructions, such as mud,
rock, and vegetable matter.

(3) Road crust.—(a) Mud.—Mud is the greatest destroyer of
the surface due to the fact that it holds water on the surface. It
must be eliminated at all costs. The best time to effect this is
when the surface is wet. The mud is then fluid and may be
removed by broom, hoe, or shovel. Vehieles and animals coming
from adjacent fields should be required to enter the road at certain
points where rough platforms of round logs, called cleaning racks,
have been built. A permanent cleaning detail should be located
at these racks.

(b) Potholes—Potholes are best repaired also when the road is
wet. On roads having a hard crust, such as trap or dolomite,
throw small broken stone % to 1}4 inches into the hole. Then
throw some good binder (usually any earth alongside the road)
on the rock, about one of binder to two of stone. When traffic
will permit, cut out the hole square with a pick, remove loose
material, and fill with metal; then tamp by hand or roll with
roller. In the case of limestone or similar soft material it is gen-
erally not necessary to cut out the holes.

(¢) Clay treatment.—Metaled roads (particularly those of hard,
flinty material) should be covered during dry seasons with a thin
coat of clay to prevent disintegration, when a tar preparation is
lacking. Serapings from the road, rock sereenings, or even hght
earth may be used when clay is not available.
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(d) Tarring.—A layer of tar spread on hot, or cold, if mixed
with heavy oil (2% to 3% pounds per square yard) is very effica~-
cious in preserving a metaled road.

(e} Snow.—Snow is best removed from a road by a snow plow
operated by a tractor or by an improvised plow as described in
paragraph 50. When there is sleet or when the snow is compact,
the surface should be sanded. If sand is not available, sprinkle
light earth or scatter branches or twigs over the road surface.

(fy Thaw periods—During periods of thaw the resistance of the
road is considerably reduced. This softening is a function of the
thickness of the crust, location, nature of the subsoil, drainage,
and other factors not always known. Study of a road is neces-
sary to learn the weak sections. Thaws cause an upheaval of the
road metal. If heavy vehicles use the road during this period of
instability, the surface is easily rutted and liquid mud works to
the surface from the foundation. The road is literally destroyed.
It may be necessary in certain areas to issue rations to tide over
the thaw and to keep traffic at a minimum. During periods of
thaw careful attention must be paid to side ditches, and sumps
must be constructed where necessary. The only certain remedy
is to restrict traffic rigidly. Orders should be promulgated prior
to the danger period. The only vehicles that should be author-
ized on the road are escort wagons and touring cars. The latter
should be held to 15 miles per hour. Heavy loads may cause the
complete destruction of the road, requiring its reconstruction.
Drastic measures should be taken to enforce the traffic regula-
tions. The reconstruction of a road destroyed by thaw should
not be undertaken while the foundation is soft.

b. Repairs.—A general resurfacing may be undertaken because
the surface is worn down in the center or because the potholes are
so close together that repair of individual holes is impracticable.
In either case it is best to scarify the old surface by handpicking,
by means of a scarifier drawn by tractor, or by a roller fitted with
scarifier. After scarifying remove loose material, which should
be sorted and used again in resurfacing if it is similar to the new
metal; if not, it may be used in patching. It will generally
suffice to remove the metal to a depth of 3 or 4 inches only.
After scraping and properly shaping the surface, fill the chuck
holes and tamp them so that they will not settle and reappear
under traffic conditions. Then spread the new metal and com-
pact it. Where edges of the new and the old surfacing join, the
junction should run oblique to the axis of the road, so as to
minimize the shock in passing from one to the other. .
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33. Gravel roads.—a. Maintenance—Under continuous
traffic a gravel road will be maintained by the same methods as a
macadam road. When sections can be relieved of all traffic, or
when the width permits, a light blade grader or a road drag may
be used. Figure 23shows a type of drag suitable for this purpose.
The principal objectives are to keep the drainage open and to
preserve the metal to proper crown.

b. Repairs.—These are made by the use of the grader and drag,
as in maintenance, adding to the surface the necessary new metal
to preserve the desired thickness of crust.

'84. Plank roads.—a. Maintenance.—~The principal precau-
tions here, aside from drainage, are to replace broken lumber and
to keep old parts, especially the floor plank, well spiked down.

F1GURE 23.—Drag for gravel roads

Sand, gravel, earth, or similar material must be thrown on the
surface in wet weather to prevent skidding.

b. Repairs—If maintenance is properly kept up by replacing
broken and worn-out plank, no radical repairs will become neces-
sary. If required, traffic should be detoured and the road
reconstructed as originally built.

35. Corduroy roads.—a. Maintenance.—These require con-
stant replacement of broken timber, and respiking. The brush
and earth surface must be maintained to prevent skidding.

b. Repairs.—The same remarks apply as in the case of plank
roads.

36. Earth roads.—a. Maintenance.—Earth roads are main-
tained by proper attention to ditches and drains and by preserva-
tion of the crown. Ditches are kept open by handwork or by the
use of scrapers or road graders. The crown is best preserved by
use of the road drag.
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(1) Construction of the road drag.—The road drag may be made
of split logs, railroad ties, or sawed planks, as shown in Figure 24.
Logs should be split fairly straight, although a twist of 4 inches is
allowable. The drag should be light so that the driver, as he
rides standing, may by shifting his position cause the drag to cut
or deposit material as he chooses. A platform for the driver may
be made of boards fastened to the bars connecting the logs. The
iron shoe projects % ineh below the log at the forward end of the
drag and is flush with the log at its center. The chain is long
enough to allow a considerable amount of adjustment in order to
make the drag cut more or less as desired.

(2) Purpose of the road drag.—The purpose of the drag is to
increase the crown of the road and make the surface smooth by

@Iplt Logs

F1GURE 24.—~Drags for earth roads

filling in ruts and holes with the material removed by the drag
from high points, thus also hastening the drying out of the road.
On uncrowned or poorly crowned roads, its use is advisable, but
the results are not so good as on crowned roads. It is intended
for use on earth and sand roads, and not on macadamized or
stony roads. Dragging should take place after a rain but not
until the material has dried sufficiently to be no longer mud and
before it becomes dust. The drag should always be used so that
the portion of the log shod with iron is in front next to the ditch.
No extra weight need be placed upon it, except that the driver
may stand upon it. The doubletrees should be so attached to
the chain that the drag will make an angle of from 45° to 60°
with the center line of the road. It should be remembered that
the longer the chain the more the drag will cut, while the shorter
the chain the less it will cut. In order that this quality of the
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drag may be made use of, the chain is of sufficient length to allow
for considerable adjustment. The driver, by shifting his weight
from one end to the other and from front to rear, causes the drag
to take up more or less earth and later drop it into ruts, chuck
holes, and other places, where needed.

b. Repairs.—Proper maintenance with grader and road drag
takes care of an earth road. Drains and culverts, if of log or lum-
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FIGURE 25.~Concrete road

ber construction, must be replaced at intervals. These go to
pieces very rapidly in wet climates.

37. Concrete and brick pavement roads.—a. Mainte-
nance—Figures 25 and 26 show typical cross sections of concrete
and brick pavement roads. The maintenance of these roads con-
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FIGURE 26.—Brick road

sists in cleaning dust and debris out of the cracks and filling them
with tar or asphalt.

b. Repairs—Minor repairs to a concrete road are made
with cement or bituminous concrete; to a brick road by replacing
individual bricks. If extensive repairs become necessary, dam-
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FIGURE 27.—Bituminous macadam road

aged sections must be reconstructed in accordance with original
specifications. In the maintenance and repair of concrete roads
during military operations, the use of a quick-hardening cement
is desirable. A badly broken up concrete or brick road may be
maintained as a rough macadam road, using a binder where
necessary.
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388. Bituminous macadam roads.—a. Maintenance.—This
type of road is patched by loosening the stone in the area affected,
adding new stone as needed, and then pouring on the necessary
amount of bituminous material to coat the stones. Allowance
must be made for the compression of the material by tamping,
so that a depression does not result. The stones are carefully
tamped in place and covered with chips which are also tamped.
Figure 27 shows a typical cross section of a bituminous macadam
road constructed by the penetration method.

b. Repairs.—Repairs are accomplished in a manner similar
to those to a macadam road, using the necessary bituminous
material as in the original construction.

39. Repairs in forward areas of the combat zone.—a.
Damage.—(1) An enemy in retreat will do all the damage he
can to the road system, in addition to that resulting from shell
fire and use. The amount of damage encountered will depend
upon the military situation. In a retreat from a stablized sit-
uation this will be very great. In a forced retreat in mobile op-~
erations the time is lacking to undertake any great destruction.
In the time available, the enemy will destroy sections by blowing
up culverts and bridges and the roadway especially at crossings
and in towns. He will also fell trees and telegraph and electric
light poles across the road and effect the demolition of buildings
located near it.

(2) The problem confronting the military engineer is to get
the traffic forward at the earliest practicable time, using local
materials. Temporary detours, bridges, and culverts are con-
structed and all obstacles removed. Some form of tread road
will frequently suffice for a temporary detour. The original
road is repaired as rapidly as possible but this is subsidiary to
the expedients to keep traffic moving.

b. Obsiructions.—The first mission of division engineers ac-
companying the advancing troops is to remove obstructions from
the roads. Abatis of trees should be dragged aside so as to
provide a passageway of about 9 feet and later removed by saw-
ing up or otherwise. A similar passageway should be opened up
through the ruins of towns. If the walls on only one side of the
road are demolished, open the road along the side which is intact.
With the material available from the ruins, build a curb 1 foot
high and about 2 feet from any projections which might strike
vehicles in passing. In case both sides of the street are damaged,
open a passage down the center, if it can be made wide enough
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for trucks. A sign should be placed at the entrance to the street
plainly visible to all, showing the available width of roadway
and entrance should be denied to all vehicles that might become
stalled. Ruins apt to be shaken down by the vibration of traffic
should be demolished and cleared.

¢. Delayed-action mines.—In case the enemy has undertaken
systematic demolitions, particular attention should be paid to
vital areas and important crossroads left intact. The search
for delayed-action mines and firing leads should be made sys-
tematically and cautiously by specially equipped details of
engineers. The enemy may place mines with delayed-action
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F1GURE 28.—Shell-hole repairs

primers which may not explode them for days or even weeks.
One device for delaying firing is a percussion pin held by a wire
which is immersed in a corrosive acid. A large mine may be
placed under the roadway in a case, the lid of which is supported
on pins which are bent down under traffic until closing of the lid
fires the charge mechanically. In removing old lead wires care
should be taken not to relieve the tension; the wire may hold a
counterweight that will fire a primer.

d. Trenches.—Firing and other trenches cut into the road are
relatively narrow and may be filled with near-by earth. For-
eign substances, such as wood, manure, bottles, etc., should not
be used. When necessary, time may be saved by using sand-
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bags. Surfacing material may be improvised from fascines, logs,
planks, or débris from buildings.

e. Shell holes.—A small shell hole may be repaired in a manner
similar to a pothole, first cutting the material out square and
then refilling with tamped metal. A large shell hole is also cut
out-square and the débris removed, the earth is thoroughly
rammed, and the excavation up to subgrade filled with sandbags,
fascines, timber cribs, or other similar expedients.

f. Mine cralers.—Large mine craters are generally of such size
as to remove the entire road surface, and may be as great as 115
feet wide and 35 feet deep. The first step is to construct a
detour of débris, corduroy, fascines, or plank. The crater hole
is then repaired as follows:

(1) Remove all mud and water.

(2) Fill up to within about 2 feet of the road surface with
layers consisting of alternate courses of sandbags filled with dry
earth and properly laid, and of rammed dry earth.

(3) Fill up flush with roadway with broken stone well tamped,
or lay a plank roadway.

(4) It has been found that by placing lightly filled sandbags
in craters with wire netting or expanded metal on top and then
covering with 3 or 4 inches of road metal, a practicable passage
for motor trucks can be made. Any hard material available
should be used for filling the top portion of the crater, while the
bottom part may be filled with softer material, should necessity
demand it.

SectiON V

REFERENCE DATA

40. Data on road work.—The following data are useful in
determining quantities and the time element in military road
work. All construction data must be used with judgment.
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TaBLe 1.—Clearing and grubbing

Man-hours per 100 lineal yards

Width,

feet | Light {Medium| Heavy
clearing | clearing!| clearing

30 10-40 40-105 105~ 630
40 14-55 55-140 140- 840
50 18-70 70-175 175-1, 050

1 In the eastern part of the United States the average for this class of work is about
350 man-hours per acre.

TasLe II.—Loosening earth

Rates In cubic yards per hour; place measure

Man with| 2-horse
Material Pick plow
Cemented gravel or stiff clay..... 1.4 20
Strong heavy soi}l.____..___._ 2.5 30
Common loam________..___ 4 40
Lightsandy soil __.__________.____. 6 60

Tasie 111.—Ezcavation with pick and shovel

Cubic yards per hour per man to depth stated

0to3 | Oto5 | 0to8 |0tol0
feet feet feet feet

2.12 181 L351 1.36

1.54 1.37 118 1.08

128 117 105 97
.89 .81 73 67
.64 .59 51
.54 .51 47




TaBLE IV.—Excavation with steam shovel (three-fourths cubic yard)
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Shallow excavation in cubic yards per
hour

Classification of material
Depth
of cut,
inches | Loose |Packed| Hard- | Pave-
earth | earth pan | ments
18 43 34 27 36
12 36 29 21 30
9 30 24 18 24
6 24 18 12 18

TaBLE V.—Macadam road—Cubic yards crushed rock loose per

100 linear yards of road

: Depth spread, inches
Width,
feet
3 3% 4 414 5 6 8
9 25 29.17 33.33 37. 50 41. 67 50 66. 67
18 50 58. 33 66. 67 75. 00 83.33 100 133.33

Screenings, 0.23 cubic yard for each cubic yard loose of rolled wearing surface

TasLE VI.—Macadam road—=Short tons crushed rock loose per 100

linear yards, 9-foot road

Weight ;

Lotbio Depth spread, inches
yard

stone,
Toose 3 3% 4 4% 5 6 8
2, 250 28.13 32.81 37. 50 42,19 46. 88 56. 25 75. 00
2,300 28.75 33. 54 38.33 43.12 47.92 57. 50 76. 67
2, 350 29. 38 34.27 39.17 4406 48. 96 58.75 78.33
2, 400 30. 00 35. 00 40. 00 45. 00 50. 00 60. 00 §0. 00
2, 450 30. 63 35.73 40. 83 45. 94 51. 04, 61. 25 81.67
2, 500 31.25 36. 46 41. 67 46. 87 52. 08 62. 50 83. 33
2, 550 3188 37.19 42. 50 47.81 53. 13 63.75 85. 00
2,600 32. 50 37.92 43.33 48.75 54. 17 65. 00 86. 67

66684°—32——4
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TasLE VII.—Macadam road—Linear feet 9-fool road for various
sizes of loads of rock

Weight load pounds Depth spread, inches
. Lime- o
Granite stone 3 3% 4 414 6 8
Cu. yds
2,800 2, 500 1 12.00 | 10.29 9.00 8. 00 6. 00 4.50
3, 500 3,125 114 15. 00 12, 86 11, 25 10. 00 7.50 5.63
4,200 3, 750 1% 18. 00 15.43 13. 50 12. 00 9.00 6.75
4,900 4,375 134 21.00 | 1800 1575} 14.00 | 10.50 7.88
5, 600 5, 000 2 24,00 20.57 | 18.00 | 16.00| 12.00 | 9.00
6, 300 5,625 217 27.00 | 23.14 20. 25 18. 00 13. 50 10.13
7, 000 6, 250 3723 30.00 | 25,71} 22.50] 20.00 | 15.00 ] 11.25
7,700 6,875 284 33.00 | 28.29| 24.75| 22.00 16.50] 12.38
8,400 7, 500 3 36.00 | 30.86 | 27.00| 24.00{ 18.00{ 13.50
11, 200 10, 000 4 48.00 1 41.14 ) 36.00| 32.00 24.00| 18.00
14, 000 12, 500 5 60.00 | 51.43 | 45.00 | 40.00 | 30.00 | 22.50

TasLE VIII.—Macadam road—Quantity of material required for
military macadam road

9-foot road 18-foot road
Loose depth Cubic Cubi Cubic Cubi
yards per uble 3 cards per| Cubic

100linear | Y8743 PEr | jo0 linear | Yrds per

vards mile vards mile
114 inches screenings.. .. ......cccooaeaos 8.625 151, 80 17. 25 303. 60
414 inches .| 37.500 660, 00 75.00 | 1,320.00
8inches. .o 66. 667 1,173, 33 133.33 | 2,346.67
012 | 112, 792 1, 985,13 225.58 | 3,970.27
134 inches screenings_ - 8. 625 151, 80 17. 25 303. 60
45inches. ..o eeaeea- 37. 500 660, 00 75.00 | 1,320, 00
Total with 2 wearing courses.....- 158.917 2,796. 93 317.83 | 5,593, 87
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TasLE IX.—Macadam road—Tonnage of material required for
military macadam road

[Weight, 1 cubic yard stone, loose, 2,000 pounds]

9-foot road 18-foot road
Tong per Tons per
1001inear | TONSPEr |00 linear | TODS Der
vards vards

134 inches screenings. 11. 21 197. 34 22.43 394. 68
434 inches... - 48.75 858. 00 97. 50 1, 716. 00
8 inches... - 86. 67 1, 525. 33 173.33 { 3,050.67
617 146. 63 2, 580. 67 203.26 { 5,161.35

114 inches screenings._ 11. 21 197. 34 22. 42 394. 68
414 inches 48.75 858. 00 97. 50 1, 716. 00
Total with 2 wearing courses____._ 206. 59 3, 636. 01 413.18 | 7,272.03

NotE.—A 9-foot road of 12-inch metal requires 1 cubic yard of excavation per yard
of length as trench for metal. Double for 18-foot road; 1 inch metal requires }{2 excava-

tion, etc.

TasLe X.—Plank road—Data for a 9-joot road for motor trans-

portation

Per 100 yards Per mile
Materials Num- Num-
Nurm-| Ton- | ber of | Num- } Ton- | ber of
ber | nage [1}4-ton| ber nage |134-ton
trucks trucks
‘Pickets, 6 by 6 inchesby4feet___.__} 40| 08| 0.5 704 | 14 9
Guard rail, 6 by 6 inches by 10 feet_ . 55 2.8 2 960 48 32
Flooring, 4 by 10 inches by 10feet.__|] 351 | 19.5] 13 6,182 | 344 230
Stringers, 4 by 10 inches by 10 feet_. | 120 6.7 5 2,112 | 117.8 78
Sleepers, 4 by 10 inches by 10 feet__._ B 42{-3 1,320 | 73.3 49
Guard rail spikes, 8-inch_._....._____ 220 {ocioacfoaaaas 3, 840 1.1 1
Floor spikes, 6-inch. ... ____._____ 1, 404 3 2| 24,728 5.5 4

Note.—For an 18-foot road all quantities are doubled except items 1, 2, and 6, which
remain as above. Weights are based on long-leaf yellow pine at 40 pounds per cubie
foot, Sleepers are nsed only when necessary.
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TasLe XI.—Plank road—Data for an 8-fool road for animal
transportation (4 by 6 inch stringers)

Per 100 yards Per mile

Materials Num- Nume

Num- | Ton- | ber of | Num- | Ton- | ber ot

ber | nage (1}4-ton| ber nage |1%4-ton

trucks trucks
Flooring, 2 by 12 inches by 8 feet-...| 204 8 6| 5173 | 138 92
Stringers, 4 by 6 inches by 12 feet. . 100 4 3] L7760 71 47

‘Wire nails, 20d- - - oo.oaoooool . 1,176 | b .. 20, 692 .33 .22

NoTte.—For a 16-foot road double item 1 and increase other items by one-half.
Allow 34 inch between floor plank when dry.

TasLE XIL.—Plank road—Data for an 8-fool road for animal
transportation (2 by 12 inch siringers)

Per 100