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(The matter contained herein supersedes chapter 2, part two,
Engineer Field Manual, volume II {(tentative), June 25, 1932; TR
196-5, October 1, 1026; TR 195-50, Februasry 20, 192%; and TR
1195-65, January 28, 1926.)

SEcTION I
GENERAL

B 1. DeFinrmions.—Field fortifications are works constructed
by military forees in combat operations to increase natural
defensive strength of a locality. They are of two general
classes—

a. Hasty, constructed when in contact or about to make
contact with the enemy and consisting generally of such fox
holes, open weapon emplacements, and simple obstacles as
the situation permits.

b, Deliberate, constructed out of presence of the enemy or
developed gradually from hasty fortifications as g result of
long occupation, and consisting generally of such standard
trenches, covered emplacements, obstacles, etc., as the situa-
tion requires.

B 2. EMPLOYMENT.—&. Defense—Field fortifications are used
in defensive operations t0-—

(1) Portify any position not protected by permanent forti-
fications.

(2) Subblement permanent fortifications.

(3) Provide local security for isolated installations such as
coast defense guns,

b. Offense—~In offensive operations they are used by—

(1) Any portions of the force assigned defensfve missions,
thus increasing their defensive strength and thereby releas-
ing other troops for the offensive.

(2) Attacking troops making a temporary halt, thereby
increasing their resistance to counter attacks.

1



2-4 ENGINEER FIELD MANUAL

¢. In general, any occupied position should he protected by
field fortifications whether in preparation for defensive or in
connection with offensive combat. However, the primary use
is in defense,

B 3. ExgcuTioN.—@. In general, ficld foriifications are laid
out and constructed by the troops occupying them,

b. In divisions, corps, and armies the unit engineer asgsists
in preparation of plans and in technical inspections to insure
carrying out such plans, Ii is seldom that small units have
engineer agsistance in the planning or laying out.

¢. Primary dutles of engineer troops in execution are—

{1} Supply of tools and materials,

(2) Execution of works of general use such as command
and ohservation posts, aid stations, etc., for higher units, main
communications for supply and evacuation, and water supply
facllities. Engineer troops may also assisé other units in
execution of works for which engineers are better trained
and eguipped than are the other troops, such as large shelters,
obstacles -of special nature, special works for drainage, and
demolitions,

d. Rear positions usually are planned and laid out by the
unit engineer under general instructions from the com-
mander. Engineer troops assisted by reserve unit and labor
troops, and civilian lapor if available, usually execute these
works.

B 4, NaTURE oF WorK.—a. Work of fortifying a locality con-
sists generally of the following tasks, listed in the order of
importance most frequently applicable:

(1) Hasty.—The general rule is first to concentrate the bulk
of the force on those things which most increase defensive
strength of the position.

(a) Providing camouflage, limited generally to selection of
positions affording natural cover or ease of concealment,

(b) Clearing reasonable fields of fire for flat trajectory
weapons. '

(¢) Digging open emplacements for machine guns.

(d) Digging fox holes (small pits for individual soldier).

(e) Erecting obstacles, principally wire entanglements.

() Digging shallow trenches connecting fox holes when
time permits,

2
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(2) Deliberate—The general rule is first to concentrate as
much of the force as is necessary on those things which re~
quire the longest time.

(a) Adequate communications.

(b) Providing shelter for those working on the position.

(¢) Providing camouflage of important installations.

(d) Constructing splinterproof or shellproof observation
posts.

(¢} Constructing protected shelters for troops, command

posts, aid stations, etc. i )

(f} Constructing splinterprceof or shellproof emplacements
for infantry supporting weapons.

() Constructing standard fire and communication
trenches.

() Constructing artillery emplacements.

. ()} Constructing obstacles of all types, including antitank
obstacles.

b, In both hasty and deliberate fortifications, the above
tasks are undertaken concurrently so that the position is
fairly well coordinated for defense at all times. Provision
for camouflage must be miade before work is commenced.
Camouflage is then carried on continuously throughout the
work so that as much of the position as possible is concealed
from the enemy no matter when he observes it,

¢, Hasty fortificatlons are developed into deliberate forti-
fications by deepening and extending trenches, strengthening
obstacles, adding protected shelters, etc. This development
normally is a continuing process, its extent depending prin-
cipally upon length of time the position is occupied. As engi-
neers may have to assist in development work, they should be
familiar with both hasty and deliberate fortifications.

d. Breastworks and surface shelters are used in place of
trenches, dugouts, etc., where natural conditions such as high
ground water level or rock prohibit normal excavation,

B 5. EFFECTIVENESS AGAINST PROJECTILES AND BOMBS.—d.
Trenches and open emplacements properly constructed pro-
vide effective protection against all smali-arms fire, artillery
projectiles up to 4 inches in caliber, and fragmentation bombs
(usually 20 pounds), except direct hits., Such works can be
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destroyed by fire from larger caliber guns or bhombing with
demolition bombs of 50 pounds or heavier.

'b. Protected shelters and shellproof covers can be made
effective against the heaviest shells or bombs, but such com=
plete protection is limited to the most important installations
only, hecause of excessive labor and materials involved. Most
installations are protected only against light or medium shells
and bombs. Degree of protection to be provided for any
given installation depends on type, amocunt, and accuracy of
fire or bombing which the enemy is likely to bring to bear on
it. 'The enemy normally will conserve smmunition and save
wear and tear on guns and airplanes by directing his heaviest
fire and bombing against those installations the destruction
of which is most important to him, and which he can shell
or bomb with reasonable accuracy and effectiveness. Hence
concealment which makes accurate fire against a single in-
stallation more difficult, dispersion which makes effective fire
against a group of installations more difficult, and defilade
which masks fiat-tyajectory fire should all be used to the
greatest extent practicable in order to lessen need for exten-
sive protective works.

B 6. NATURAL CONDITIONS AFFECTING DESIGN AND LOCATION.—
a. Surface water resulting from the run-off of rainfall should
be kept out of excavated works by—

(1) Siting them so that natural drainage lines drain away
from rather than into them.

(2) Using drainage ditches to divert surface water which
would otherwise run into them.

(3) Providing internal drainage to dispose of surface water
which enters them,

b. Ground water is free water contained in pervious soil.
Its upper level is roughly parallel to the ground surface, and
is nearest the surface at drainage lines and deepest under hill
crests. Itslevel at any point is the same as the level of water
in a shallew well or test hole at the point. It is generally
impracticable to excavate for field fortifications below ground
water level because of the difficulty of providing adequate
drainage (see par, 36),



FIELD FORTIFICATIONS 6=7

¢. Rock or hardpan prohibits excavating for hasty fortifi-
cations, and ordinarily requires too much labor to permit ex-
cavation for deliberate fortifications.

d. Sand or similar material lacking cohesion is very good
for hasty fortifications because it is easy to dig, but is poor
for deliberate because it requires excessive revetment to make
the works reasonably permanent,

e. Terrain is the most important feature to be considered
in locating field fortifications. A detailed discussion of ter-
rain is given in section II.

B 7. Use oF ExIsTing TERRAIN FEATURES.—a. Field fortifica-
tion work may be reduced by taking full advantage of all
existing terrain features such as woods, cities or towns, brick
or stone walls, railroad or highway embankments and ditches,
small gullies or folds in the ground, and many others. Such
features often may be used in their natural state to provide
either concealment or protection from fire or both. In many
cases a little Iabor can convert them into strong defensive
works. Such features as houses and wails of brick or stone
sometimes assist indirectly by providing a source of materials
for field works, thus reducing need for supplies from the rear.

b. Large woods have great defensive value because they
afford concealment from enemy observation and are developed
readily for protection from hostile fire. On the other hand,
small patches of woods draw artillery fire, are particularly
subject to gassing, and should be avoided. In defense of
woods, concealment offered should be used to take the enemy
under fire by surprise. The strongest resistance should be
located 100 yards or more in rear of the forward edge of the
woods. Major irregularities in the edege of the woods are
used to develop fianking fire sweeping it. When clearing
woods to develop fields of fire, care should be taken not to
destroy conceazlment, especiglly from aerial observation.
Such clearing should generally be limited to underbrush and
lower branches of trees.

c. A large town or city containing masonry buildings may
be very strongly organized for defense; however, provision
must be made for protection against heavy shell fire and
aerial bombs, and against gas becanuse of the excellent target
provided. Buildings provide concealment and protection for

5
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riflemen and machine guns, cellars and heavy walls provide
shelter which. can be reinforced against artillery, and higher
buildings afford means of observation. Thus an excellent
combination of fire and obstacles may be obtained. Because
they are easily set on fire wooden buildings are of little de-
fensive value. Small villages or isolated buildings draw con-
centrated artillery fire and should therefore be avoided.

SEcrion I1
TERRAIN APPRECIATION

B 3. GENERAL.—g. Terrain is an area of ground considered as
to its extent and topography in relation to its use for a par-
ticular military operation. From either direct observation or
study of maps and aerial photographs the eye gets & picture
of the ground with its drainage systems, commanding eleva-
tions, wooded and open areas, and works of man. Terrain
appreciation is the evaluation of this picture to determine
effect of the terrain on lines of action open to opposing forces
in the area, ’

b. By reason of his specialized training the unit engineer
is the terrain specialist on the unit commander’s staff. As
such he must understand effect of terrain upon military
operations and must be prepared to make recommendations
thereon at all times, particularly in defensive operations,
The purpose of this section is to describe means of evaluating
and to show effects of terrain on tactical dispositions.

B 9. FacTors.~—¢. Terrain is always evaluated in terms of five
factors: observation, fields of fire, cover and concealment,
obstacles, and communications,

(1) Observaiion of the battle area is necessary for effective
combat. Points of commanding elevation form the frame-
work for fire-control systems, and observation is essential to
have effective fire. It is of great importance to artillery in
fire adjustment, and is important not only because it makes
effective fire possible, hut also because it enters largely into
influence of the four other terrain factors. Fields of fire
obvigusly need local observation for effective use; value of
cover is based on denial of observation to the enemy; obstacles
should be observed so that fire may be brought to bear on
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any enemy stopped by them: and routes of cormnmunication
are the more useful the more the enemy can bhe denied ohser-
vation thereof. Hence, observation and denial of observation
are used as the basis for the method of studying terrain de-
scribed in paragraphs 10-12 below,

(3) Fields of fire are essential to defense. An ideal situa-
tion exists where terrain offers an open stretch of ground
over which the advancing enemy may be hrought under
effective fire of infantry weapons. Fields of fire may be im-
proved by cutting or burning weeds, grass, and crops; by
clearing brush and trees; by demolishing buildings; and by
cutting lanes through woods, but concealment must be con-
sidered in each instance. ‘Time and labor available for such
improvement should be considered in evaluating terrain.

(3) Cover and concealment includes protection from fire
provided by accidents of terrain, and that provided by other
natural or artificial means. Concealment from view, from
poth air and ground, affords cover only so long as the enemy
does not know that the natural or artificial features are
occupied. Cover is important to both attack and defense,

(4) Obstacles 2id defense by hindering the attacker’s
movements, preferably by halting him under effective fire.
Rivers, streams, ponds, gullies and steep banks, and lakes are
some of the common natural obstacles which may be utilized
to advantage. A stream with g depth over five feet is par-
ticulariy effective against mechanized vehicles. No oppor-
tunity for providing obstacles to mechanized attack should
be overlooked. ‘Where natural obstacles are lacking artificial
ones ustally can and should be prepared.

(5) Communications (that is, roads, railroads, waterways
and airway facilities) are important to both offense and
defense. Small bodies of troops may move off roads, but in
some situations, especially in operations of large bodies of
troops, the mezns of communication may be of vital im-
portance.

b. Every line of tactical action in a given situation is an-
alyzed with respect to pertinent terrain features. Advantages
and disadvantages of each such feature upon any particular
line of action constitute as a whole the relative effect of ter-
rain in comparison with its effect on other possible lines of

7
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action. Modification of the situation may completely change

tinfluence of terrain features and so affect plan of action which
should be adopted. Therefore, effect of terrain must always
-be studied in connection with the mission and the situation
of the enemy and of our own forces.

B 10. COMPARTMENTS.—a. Definifion.—Based on observation
as the decisive factor, a basic unit called “terrain compart-
ment” is considered in studying terrain. A terrain compart-
ment is an avea inclosed on at least two sides (opposite sides)
by critical terrain features which prevent ground observation
into the area. The limiting features are usually ridges or
high ground, but may be woods, cities, towns, or wide bodies
of water.

b. Form.—Compartments may be of any silze or shape.
They may be simple or complex with the interior subdivided
into smaller compartments. Limiting features at the edges
may be high or low, continuous or discontinuous. A compart-
ment may be screened on only two sides or on all sides. The
illustrative examples in this section are based on the simplest
forms but the fundamentals discussed apply to all types.

(1) A terrain compartment in its simplest form is shown in
figure 1(). The figure shows three ridges, ABC, DEF, GHI,
separated by two valleys, JK and LM. Based on the defini-
tion, the area ACFD is a terrain compartment. The hound-
aries are selected so that from outside them no portion of
the compartment can be observed. Therefore the boundary
runs along the topographic crest of the adjacent ridges.

(2) In figure ¥ @ boundaries of the compartments are
ridges. In figure 1 @ there are no ridges but there are strips
of woods along the general lines AC and DF, and a town along
GI. They form two terrain compartments since the woods
and town limit observation just as effectively as the ridges.
Actual boundaries of the compartments, that is, the limiting
lines of observation, lie not at the edge of the woods or town
but far enough back from the edge to shut off observation
over the open ground beyond.

¢. Significance—(1) While division of terrain into com-
partments is based upon observation, the real sighificance is
that from points outside their boundaries it is difficult to
bring eftective fire to bear upon forces within the compart-

8
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ments. In figure 1 & and @ machine guns at P, @, R, or 8
can fire upon any forces within compartment ACFD, but
they cannot fire effectively with direct laying upon any forces
in the adjoining compartment DFIG, because machine gun
personnel cannot see such. forces. For the same reason, ar-
tillery observers at T or U can bring observed fire to bear
upon any forces within compartment ACFD, but not upon
forces in adjoining compartment DFIG. Similarly, machine
gunners and artillery observers within DFIG are obliged to
confine their observed fire to forces within that compartment
since they cannot see beyond it. Hence the fundamental
characteristic of terrain compartments is that they limit
observation and thereby decrease possibility of observed fires
from outside compartments.

(2) Figure 2 represents the same sized area as figure 1 @
but instead of the two stream valleys and three ridges of
figure 1 @) there is ¢ fairly uniform slope from the line ADG
downward to the river. The contours are nearly straight,
parallel, and at about equal intervals. No longer is the fire
power within the area ACIG divided into two groups by
terrain compartments. With terrain conditions as shown in
figure 2 there are no compartments and all of the fire power
within the area ACIG can be brought to bear upon any part
of the area. Machine gunners at P, Q, R, and S and artillery
observers at T and U can observe and hence place their fire
anywhere within the area ACIG. Therefore a better organ-
ized, more flexible system of flre is possible where there are
no terrain compartments than is possible where they break
fire power up into groups to support each other. This is the
fundamental idea underlying influence of terrain compart-
ments upon tactical operations.

(3) A common terrain condition is that shown in flgure 3.
A main ridge, the top of which is along the line AB, is cut
by the gullies IJ, KL, and MN, leaving ridges CD, EF, and
GH. These ridges form the houndaries of two compartments,
CEFD and EGHPF, ending at zbout the line CM. Above that
line a defender can organize his fires for mutual support
across the entire area ABMC; below the line CM he is lim-
ited in the lateral organization of his fire by the compalt-
ments CEFD and EGHPF. These compartments are subdivi-

i1
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siong of a larger compartment, ABND, bounded by the ridge
AB and the woods DN.

d. Classification.—(1) Terrain compartments are classified
with respect to direction of movement of forces operating
therein as— -

(a) Corridors, when the longer dimension lies generally in
the direction of movement or leads toward an objective.

(b)Y Cross compartments, when the long axis of the com-
paTitment lies across the direction in which a force is moving,
or is parallel to the front.

{c) Oblique compartments, when the compartment is
oblique to such direction or front.

(2) To illustrate:

(@) In figure 1 ) a force advancing westward from the
vieinity of the point K calls compartment ACFD a corridor.
A forece advancing north from the valley LM would call the
same compartment ACFD a cross compartment. These two
terms, corridor and cross compartment, do not define com-
partments that differ in a physical sense; the compartment
iz the same in both cases, namely, the area ACFD. The
difference lies in the direction of fhe main axis of attack and
defense with respect £0 the main axis of the compartment.
If attack comes from east or west, both attacker and de-
fender would eall ACFD g terrain corridor; if attack comes
from north or south, both attacker and defender would ecall
ACFD) a cross combpartment.

(b) In figure 3, with the direction of attack as shown,
CEFD and EGIHF are corridors within the cross compartment -
ABND.

W 11, INFLUENCE OF CORRIDORS.—Z. I Qitack.—(1) In general,
a corridor favors attack because it limits lateral orgshiza-
tion of the defender’s fire. This does not mean that it
gives the attacker an advantage over the defender; it merely
means that it gives the attacker an advantage that he would
not have if there were no terrain corridors since he will be
subjected to a lesser density of fire than otherwise would be
the case., Therefore, the attacker seeks to utilize cerridors
wherever they exist.

(2) Where terrainn is the decisive factor, boundaries he-
iween tactical units in attack should coincide with boundaries

12
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of corridors. The reasons for this fundamental are illustrated
by the following exambple:

{g) In flgure 4 both (O and (3 show two corridors, HILK
and IJML, each assumed to be s suitable width for a regi-
ment in attack. In @ the boundaries between attacking
regiments are located along centers of the corridors; in &
the boundaries between attacking regiments coincide with
the boundaries of the corridors.

(b) In figure 4 (D the 1st Infantry has attacked and reached
the dotted line near the center of the figure. As the attack
spearhead near D appears to be the major threat, enemy ma-
chine guns on the slope BC and along the edee of the woods
between F and J begin firing on the flanks of the 1lst In-
fantry; an artillery observer on the slope to the right of H
places fire on the left flank of the 1st Infantry. ‘These fires,
in addition to those from within the zone of action of the
1st Infantry, may prove sufficient to stop the attack. 'The
regiments attacking on the right and left of the 1st Infantry
will cooperate, but if one of them succeeds in making a
threatening advance, the defender can shift some of the fire
from the zone of the 1st Infantry to aid in stopping it.

(¢) In figure 4 & the 1st Infantry has again advanced to the
dotted line, However, the situation now differs materially
from that shown in figure 4 @. Because the boundaries of
the 15t Infaniry coincide with the boundaries of the corridor
HILK, the defense cannot bring to bear against the 1ist In-
fantry any direct or observed fire from outside the corridor.
As long as the 1st Infantry can continue to overcome the de-
fensive fires within its own zone of action, that is, within its
own corridor, it can continue to advance, and by flanking
attacks to right and left it can materially aid advance of its
neighbors.

(3) Boundaries in attack usually extend at least from the
line of departure to the terrain features designated as the
objective or objectives.

b. In defense.—(1) The backbone of defense is organized
fire of automatic weapons supplemented by observed artillery
fire., Corridors entering a defensive portion break it up so
that fire power used to defend one corrldor ¢annot be used
to assist in defending any other part of the position, There-

262375°—40-—2 13
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fore the defender seeks a position without corridors hecause
they weaken his defense by decreasing flexibility of his fire.
(2) In general, from the standpoint of the most advan-
tageous use of terrain, boundaries between units in defense
shouid neither follow the edges of corridors nor the lines of
probable enemy approach, but should be situated somewhere
hetween the two in stich a manner as to secure unity of com-
mand along the most dangerous avenue of approach. The
reasons for this are illustrated by the following example:
(@) Figure 5 @, @, and (&, shows three different methods
of assigning houndaries, the terrain being the same in all
figures, Figure 5 ) shows sector boundaries ceinciding with

l
&
wered 5
A chh X “Fe, w |A [
=]
X B z
S - =]
a
{ ’
2w
= s T = 8T = =
i INFANTRY ]: | NFANTRY | Y
@ Boundaries in centers of cor~ & Boundaries at edges of cor-
ridors (wrong). ridors (right).

FisURE 4.—Corridors in attack, ,

boundaries of eorridors as is proper in attack. Figure 5 @
shows sgector boundaries following lines of probable enemy
approach within the corridors. Figure 5 (8 shows sector
boundaries placed between those shown in @ and . In
each case it is assumed that the houndaries mark off frontages
which can be defended by an infantry battalion. Proper
defense of the area requires that the ridges through A, B,
and C be organized for strong all around defense; the valleys
between the ridges being defended by flanking fire from
the ridges and by frontal fire from the rear portions of the
position. Location of sector boundaries i3 important because

14
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these boundaries allocate responsibility among the unit com-
mander's concerned.

(b) In figure 5 @ the sector boundaries pass through the
ridges at A, B, and C, which should be well organized. Two
commanders, each defending half of the ridge BO, cannot

DIRECTION OF ATTAGK——3=

o]
® Boundaries along ridges ® Boundaries along valleys
(wrong). {wrong).

DIFECTION OF AT TACK—=—3~
@
h-J

® Boundaries between ridges & Boundaries excludin-g routes
and valleys (right). of approach {wrohg).

Frcore 5—-Corridors in defense.

do it as effectively as one commander who directs the defense
of the whole ridge. The same thing applies to the ridges at
A and C. It is true that the valley between A and B which
is a probable avenue of approach for the attacker is entirely
under control of the commander of the 1st Battalion, but his

15
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main reldance for defense is not upon the head-on opposi-
tion that he can offer to the attacker’s approach up the
valley but on the flanking fire made possible by continued
possession of the grganized localities at A and B.

(¢) In figure 5 @ the ridges at A, B, and C are each placed
under control of a single commander by establishing bound-
arles in the stream beds, that is, along the lines that the
attacker will probably seek to penetrate, Thus one source of
weakness, namely, division of responsibility for maintaining
possession of high ground, has been eliminated but another
source of weakness has been introduced. The valley is the
probable route of approach of the attacker; he will seek to
penetrate the valley and then reduce the high ground by
flanking attacks, Putting the boundaries in the valleys di-
vides the responsibility for stopping the enemy advance up
the valleys, One commander can accomplish it more effec-
tively than two. Unity of effort requires giving this respon-
sibility to one commander.

(d) In figure 5 & the boundaries are drawn neither along
the ridges nor along the stream beds, but somewhere between
the two. ‘The commander of the battalion defending ridge BO
in this case has full control both of forces holding the ridge
at B and of those opposing advance of the enemy up the
valley between A and B. Cooperation will still be necessary;
he will expect to receive assistance from the battalions on
his right and left. But the boundaries along which this co-
opergtion must be arranged do not in this case pass through
either of the two imporiant terrain features, the ridge and
the valley adjoining it. A boundary line is always a line of
weakness, but by drawing the boundaries as they are shown in
(@ this weakness is much less serious to the defense than it
is if the boundaries are drawn as shown in @ or @).

(¢} Figure 5 () shows the same terrain as @, @, and ®
but with the sector houndaries located to the right of the
streams instead of the left. This alternate arrangement of
boundaries appears at first glance t¢ be as satisfactory as that
shown in (@ since the boundaries divide neither the ridges
nor the valleys between two commanders, ‘The wooded val-
ley between A and B, however, is more of a threat to the
battalion defending the ridge through B. It offers opportunity
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for an attacker to advance up the valley by using the woods
for cover, capture the woods on the top of the ridge near O,
and then capture the entire ridge from O to B by attacking
downhill from the rear. The commander of the battalion
defending BO therefore has the greater interest in defense of
this approach, and its defense should consequently be as-
signed to him by drawing the boundaties as they are shown
in (& rather than as shown in @.

(3) The preceding considerations apply wparticularly to
those portions of the boundaries within the position and at the
sherter ranges to the front. It may be found that their con-
tinuation to the front at the longer infantry ranges involves
use of terrain differing from that in the close-in defense. For
example, in figure 6 the boundary AB is properly located for
close-in defense. In extending this boundary to the front in
order to place responsibility for longer range fire it would,
following the same considerations that led to establishment
of boundary AB, extend forward through F, G, and H. Then
enemny machine guns at X and Y are in the sector of the 2d
Infantry and should be covered by the fire of that unit. How-
ever, the defilade provided by the ridge CDE prevents the 2d
Infantry from firing on X and Y, and also prevents guns at X
and Y from firing into the sector of the 2d Infantry. The
guns at X and Y can fire into the sector of the 1st Infantry,
and can be covered by fire from the 1st Infantry. If the
boundary is shifted to CDE Instead of FGH, responsibility for
taking care of these machine guns is placed where it belongs,
‘namely, on the 1st Infantry. The ridge CDE is utilized prop-
erly from the standpoint of terrain when the boundary line
between the 1st Infantry and 2d Infantry is drawn along the
top of the ridge, thus giving to the 1st Infantry the east slope
in which it has a paramount interest, and to the 2d Infantry
the west slope in which it has a paramount interest.

(4} The same considerations apply when boundaries of
terrain compartments are formed by villages or woods instead
of by ridges. In fizure 7 the village and woods are important
features of the terrain., Responsibility for their defense
should therefore not be divided as it is in @ but should be
placed under a single commander as shown in {z). (An at-
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tacker would locate his boundaries as shown in @), that is,
along edges of the corridor formed by the village and woods.)

c. Extension of boundaries—At longer ranges to the front,
boundaries are Intended primarily to coordinate artillery fires
and will be influenced by location of possible hostlle assembly
areas and routes of approach. Such boundaries extending
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Froure 6.—-Extension of houndaries,

sectors to the limits of artillery fire in front of defensive posi-
tions frequently are placed along the crests of ridges. The
extension of boundaries to the rear in hoth attack and de-
fense Is influenced largely by the location of routes of com-

munication essential to supply and movement within the
sector.
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Freure 7.—Corridors between woods and villages in defense.
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Frcuar 8.—Cross compartment.
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M 12. INFLUENCE oF CROSS COMPARTMENTS—g, On defense—
In figure 8 the ridge AB is one boundary of cross compart-
ment ABDC. The ohservation available to the defender from
this boundary is very valuable; conseguently he should dispose
his forces well to the front of it in order that local successes
by the attacker may not result in loss of so valuable an
asset. The cross compartment as a whole is a valuable asset
to defense because mutually supporting fires can be organ-
ized across its entire length from AC to BD. Until the de-
fender is actually driven from the line AB he retains his
observation over the entire area, In general therefore a
cross compartment favors the defense and handicaps the
attack.

b. On atlack—Boundaries of cross compartments form
natural objectives for attack or limited objectives along the
line of attack. Until the entire area ABDC has been cap-
tured and the defender driven beyvond the ridge AB, the
attack or abt any rate this particular phase is not complete,
‘When the ridge has been taken the attacker may have. a
breathing spell in which to reorganize his forces, move his
ohservers forward to points from which they can see into
the adjoining cross compartment, and make his plans for
the next phase of the attack which will be capture of the
next cross compartment in its entirety.

¢. Unit boundaries—From g terrain standpoint, the bound-
aries between attacking units may be located with equal
effiect anywhere between AC and BD. There will of course
be other factors such as known disposition of defending
forces that will infivence location of boundaries between
attacking units, but the terrain is so uniform over this par-
ticular area that its influence on boundaries is negligible.
The boundaries between sectors in the defense can also be
placed anywhere, as unit commanders can cooperate along
one line just as well as along another. In other words, there
are no terrain features that limit lateral visibility so location
of boundaries between units would he determined by factors
other than terrain.

W 13. Amns To STUpY OF TERRAIN—g. Drainage lines and
ridge lines form the natural basis for the study of terrain
with respect to shape of the ground, When such study of
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ground forms is made on a map or aerlal photograph it can
be aided materially by—"

(1) Emphasizing drainage lines by marking heavily (fig,
9.

(2) Drawing in heavy lines along crests of ridges, called
“ridge-lining” (fig. 8 ® ).

(3) (On contoured maps.) Emphasizing certain contours
with heavy lines (fig. 9 (&) or coloring map areas hetween
contours with different colors to make ground forms and com-
manding eievations more apparent. (See TM 5-220.)

b. Drainage lines always form a connected systermn or sys-
tems of branching lines. Ridge lines form similar systems
of branching lines since spurs and the smaller ridges branch
off from large main ridges just as small streams and gulilies
branch off from the main streams. Drainage lines and ridge
lines thus form two interlocking, branching systems which
either singly or together indicate clearly the general shape of
the ground. 'When both systems are emphasized on a map or
photo, different colors should be used, preferably blue for
drainage lines and brown for ridge lines to conform to usual
map colors. The more important ridge or drainage lines may
be given special emphasis by drawing them in heavier lines.

c. It will occur frequently that ridge lines and drainage
systems are not the only terrain features of outstanding im-
portance in a tactical situation. There may be forests, towns,
railroads, etc., to whicli particular attention must be paid.
In such cases these features may be emphasized in much
the same ways as described above for ridge lines and drainage
systems.

d. Purther details regarding tactical study of terrain, to-
gether with a form therefor, ave given in FM 101-5.

Secrion III
ORGANIZATION OF THE GROUND

B 14, GENERAL.—a. Organization of the ground is the devel-
opment of a defensive position to its full strength by—

(1} Providing fields of fire for all flat trajectory infantry
weapons.
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(2) Constructing field fortifications, including such camou-
flage thereof as is practicable.

b. A defensive position, properly organized, consists of
a system of mutually supporting defensive areas organized
in depth. Depending on the time, materials, and labor avail-
+able, either hasty or deliberate fortifications may be used.
However, the fundamentals of location and layout of the
:defensive areas, and the limitations as to their frontages and
.the intervals between them apply whether hasty or deliberate
‘fortifications are used.

¢. Drawings in this section are diagrammatic only. Actual
dispositions of units must be adapted to terrain.

d. The types of trenches, wire entanglements, ete., referred
to in this section are described in detail in sections V, VI
and VIL

M 15. Use or HasTy FORTIFICATIONS.—. In organizing the
ground, infantry troops normally will work either under fire
from the enemy or under threat of such fire being delivered
within a few hours of starting work. Hence work done under
these conditions should be such as to provide the greatest
possible defensive strength for the position in the shortest
possible time, To accomplish this, hasty fortification works
of the following types are used:

(1) Skirmisher trench.—See paragraph 34b and figure 22.

(2) Fozhole—~See paragraph 34 ¢ and figure 23,

(3) Shell hole position.~—See paragraph 34 & and figure 24.

(4) St trenches.—See paragraph 34 e and figure 25.

(5) Shallow connecting trench.—See paragraph 34 f and
flzure 27.

(8) Machine-gun emplacements.—See paragraph 48 4 and
fizures 89, 90, and 91.

(7Y 37-mm gun emplacemenis—See paragraph 48 d and
figures 92 and 93.

(8) 60-mm and 8I-mm moriar emplacemenis—See para-
graph 438 d and figures 94 and 95.

(9) Clearing fields of fire—This consists usually of clear-
ing underbrush and small trees and the lower limbs of large
trees to a depth of at least 100 yards in front of the position,
with lanes for machine-gun fire extending considerably far-
ther (see par. 35d).
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15 ENGINEER FIELD MANUAL

(10) Obstacles~—Barbed wire entanglements form the
major obstacles against foot troops. The double-apron fence
(see par. 42¢ (4) and figs. 75 and 76) is the most efficient
type, but where time is short or materials lacking, the four-
strand fence (see par. 42¢ (6) and fig. 80) may be used.
Provision of antitank obstacles will ordinarily be limited to
improvement of natural obstacles as streams, ditches, ete.,’
and laying antitank mine fields.

(11) Camoufiage~—Camouflage to bhe effective must be
executed simultaneously with the defensive works. Spaoil
should be properly disposed of as soon as dug; parapets
should be sodded as fast as they are finished; emplacements

AR Team AR Teum R Team
Zd squuo

24 squad
-O-'O---Q0 o d

ls! squud

L BAR Squud quad lsader

leader
- seistunt BAR- querd-
quad leader j i Squod lader l leader
Assmam squad |eader. 13istont squod
leader

°o Platoon G P

Ficure 10.—Rifle platoon in fox holes with connecting trenches
(12-man squads).
should be concealed under fishnets or natural materials from
the start, and paths pointing to defensive works should he
avoided (see FM 5-20).

b, Clearing fields of fire is of first priority; however, in
most instances a small detail can complete the clearing
while some of the men dig fox holes, others prepare emplace-
ments, ete, It usually will be advisable to start placing obsta-
cles early in the work. Thus an enemy attack will encounter
a fairly well-organized position. As more time becomes avail~
able, the initial hasty fortifications are gradually developed
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FIELD FORTIFICATIONS 15-17

into deliberate fortifications. Fox holes and shallow connect-
ing trenches are converted into standard fire and communi-
cation trenches; open emplacements are changed to covered
types; existing obstacles are strengthened and new obstacles
added; protecied sheiters for personnel are provided, etec.

& 16. UsE oF DELIBERATE FORTIFICATIONS.—. In the case of
defensive positions organized in rear areas out of contact
with the enemy, the fortifications constructed normally will
be of the deliberate type with no attempt being made first
to provide hasty fortifications and then develop these into
deliberate fortifications. 'The initial work will consist at
least of standard fire trenches, cpen-standing or splinterpreof
weapon emplacements, complete double-apron entanglements,
adequate antitank obstacles, and clearing extensive felds
of fire.

b. Description of various defensive areas given in the fol-
lowing paragraphs is based on use of deliberate fortifications
in a rear position. 'The work indicated is the minimum con-
sistent with an adequate defense. 'These descriptions may
be applied to defensive areas utilizing hasty fortifications by
gllowing for the fact that fox holes will be used in place of
fire trenches, that the belts of obstacles will be comparatively
incomplete, and that weapon emplacements will all he of
the open shallow or standing types.

¥ 17. BarTLE PosITION.—&, Definition.—In defense of a posi-
tion, troops are distributed along the front within a zone
which is ealled the battle position. ‘This is the position of
principal resistance In defense consisting of a system of
mutually supporting defensive sectors and areas disposed in
breadth and depth. Each sector and area has a definite
assignment of troops and a deflnite mission.

b. Organization.—{(1) Depth.—A battle position should be
creganized in depth for two reasons:

(a) A gingie line of defense could be penetrated easily and
the attacker would then be able to destroy vital instailations
in rear on which defending troops depend in order to fight,
Instead of a single line the defense must present a Series
of resisting areas which the attacker will have to peneirate
successively with increasing resistance before he can reach
these installations,
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(b) Depth in the hattle position makes possible dispersion
of the defending force so that the enemy cannot. cover all
parts of the position with fire at one time,

. (2) Occupation—A hbattle position canhot be occupied
economically with equal density throughout its length. One
of the major advantages of defense is that it permits holding
extensive fronts with relatively weak forces. This is accom-
plished by actually occupying only certain portions of the
front and covering gaps between occupied portions with fire.
Occupied portions -are called defensive areas. They are
placed so that they can support each other with fire so that—

(2) Frontal fire from any one defensive area can be rein-
forced by flanking fire from neighboring areas.

(b) If a defensive area is occupied by the enemy, fire can
be directed into it from the heighboring areas.

e. Influence of terrain.—(1} Faoctors—-Location and layout
of a battle position depend largely upon the tactical situa-
tion and upon the terrain. The influence of terrain may be
summarized under headings corresponding to the five terrain
factors (see par. 9) as follows:

(a) Observation—Since effectiveness of defensive fire de-
pends primarily on observation, the defense selects ground
which affords good observation. The battle position should
then be located so as to protect that observation,

(b) Fields of fire—Existing and available fields of fire
determine the strong areas and weak points and thus dictate
where to put troops and in what strength.

(¢} Cover—All elements of a battle position must use cover
for protection against enemy fire and observation as an
essential means of conserving the fighting capacity of troops
in prolonged occupation of a position, and to attain effect
of surprise through concezlment of location of principal
works and reserves. Bach element of a battle position should
take advantage of natural cover wherever possible in order
to reduce the need for constructing artificial cover,

(d) Obstacles—A battle position should be located so as
to take advantage of natural obstacles particularly against
mechanized attack to help stop the enemy, thus reducing need
for artificial obstacles, Not infrequently the commander
selecting the Immain line f resistance may have to decide
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FIELD FORTIFICATIONS 17

whether a natural obstacle or observation is the most im-
portant consideration,

(e} Routles of communication —A batile position should be
located so as to use existing roads, railrcads, and other routes
of communication as far as possible to meet its supply and
evacuation requirements, and thus reduce need for new con-
struction.

(2) Critical features.—Whether it is a point affording com-
manding observation or whether some other element of ter-
rain, there may be some terrain feature whose possession by
us or denial to the enemy will result directly or indirectly in
accomplishment of an important step in the plan of opera-
tions. Such a feature is termed a critical point. For ex-
ample, a critical point may be a feature which is especially
important for subsequent parts of the maneuver, or it may
be a sensitive point the capture of which by the enemy may
lead to breaking up our whole defense.

(3} Features vital to success of mission—If a critical point
is of such outstanding importance that its possession by us
or denial to the enemy will result in accomplishment of the
mission or its loss in failure of the mission, then it may be
said to be vital or essential to success of the niission. Such a
tactical locality is termed a key point, The importance of
such a feature may result from its having been named in the
mission or in orders, or the importance may be deduced from a
study of the terrain, On the other hand, there may be no
such feature. When there is such, it is frequently a logical
objective of the enemy’s main attack either directly or by
outflanking, or it may be the terrain feature which is the
ohject of the main effort of the defense,

d. Composition.—A battle position is subdivided into de-
fensive areas in such a way as to conform to subdivision of
the defending force into tactical units. This permits each
defensive area to be occupied by a single tactical unit of
appropriate size, and provides for unified control of groups
of defensive areas through the normal chain of command
(see fig. 11).

(1) The platoon defense ares is usually the smallest de-
fensive area. The company defense area, the next largest
defensive area, Is a group of platoon or smaller defense areas
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under control of the company. A battalion defense area is a
defensive area composed of a group of company defense areas
under control of the battalion commander. A regimental
defensive area is a group of battalion defense areas under
regimental control, and is called a regimental sector.

(2) A line at the forward boundary of the battle position
designated to coordinate the defensive fires of all units and
supporting weapons is called the main line of resistance
(MLR) (see fizg. 11). In rear of company defense areas

Main Line of Resistance
{

/suttolion Reserve
rea

MO to
1200
Yards

Bottalion Defense Areas

]

Regimentdl Reserve Line
(RRL)

il

REGIMENTAL SECTOR

Ficure 11.—Composition of battle position.

on or near the main line of resistance may be company
defense areas forming battalion reserves. A line designated
to coordinate the locations and actlons of the regimental
reserves in the battle position is term the regimental reserve
line (RRL).

(3) The defense areas assighed units in defense will vary
with mission of the command, natural defensive strength
of the ground, importance of the sector to the defense as a
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FIELD FORTIFICATIONS 17-18

whole, degree of control required, and number and strength
of units available for the whole defense.

8l 18. PraTooN DEFENSE AREA.—t, A platoon defense area is
organized for all around defense. It may consist of one fire
trench for each squad in the area and a belt of obstacles,
usually wire entanglements, entirely surrcunding the area.
It is not normally organized in depth, the squad trenches
bheing roughly in line rather than one in rear of the other
(see fig. 12).

b. The frontage which can be defended depends on many
factors including mission, size of the unit assigned thereto,
and terrain. See Table I which is furnished as a general
guide only.

TapLE I—Froniage (in yards)

Minimum (heavily wooded Maximum (flat, open
terrain) terrain}
Size of unit defense
aread %,’;gff;ﬁ; Frontagei Total {2{2;:% Frontage; Total
datense actually front defonse actually {ront
areas | occupied defended srens | 2°CU pied | defended
1squad (12 men).__. 25 30 88 100 50 150
Platoon, less 1
squad (2squads) .. 50 5 125 150 100 50
Fyll plateon (3
SOUAdS) - ceeoae 100 100 200 200 200 400

c. Each defense area should be able to cover by fire its own
front, the fronts of adjacent defense areas, and the unocccu-
pied intervals between them. Hence, squad trenches on the
flanks of a platoon defense area may be faced partly toward
adjacent areas to facilitate such flanking fire. Each squad
trench should provide at least 5 lineal feet per man. The
simple standing fire trench, preferably with the octagonal
trace, represents minimum protection to be provided by
squad trenches when time and conditions permit.

d. The purpose of the belt of obstacles surrounding a
platoon defense area is to prevent the trenches being rushed
or surprised by foot troops. Such an cbhstacle must be close
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enough to the trenches to be under observation and fire
at all times, especially at night, but must not be so close
as to permit an enemy to approach within hand grenade
range of the trenches. A distance of from 30 to 100 yards-
from the trenches generally will be suitable. The ohstacles
should at a minimum congist of the four-strand fence or
its equivalent. When the interval between defensive areas is
small the obstacles on the flanks will be less than 30 yards
distant from the trenches. Obstacles should be concealed
50 that the enemy is surprised by them.

e. Squad trenches should be provided with clear fields of
fire throughout the width of their assigned sectors at least
as far forward as the heit of obstacles and preferably to a
greater distance.

B 19. CompaNy DEFENSE AREsA.—a. The platoon defense areas
of a company defense area are located with a view to resist-
ance to the front and flanks and if necessary to the rear. A
company defense is normally organized for a protracted all
around defense, .

b. A company can defend a front of from 400 to 600 yards,
depending on terrain. The portion of this front which is
actually occupied is generally not less than 200 yards in
width by 100 yards in depth in order to minimize losses from
enemy fire, and not greater than 400 yards in width by 300
yvards in depth in order to avoid undue dispersion.

¢. Supporting weapons—(1) Light machine guns are
placed within platoon defense areas in accordance with the
battalion plan of fire (see par. 20 .} The guns may be sited
individually for employment on separate missions. They
should be provided with open standing type emplacements
carefully concealed, with alternate emplacement for each
gun from which its primary fire mission can be accomplished.

(2) The 60-mm mortars may be located in a single group
within a company defense area far enough forward to have
observed fire and at a point where they have natural defilade
from the front, or they may be placed in platoon defense
areas in accordance with the hattalion plan of fire. Where
no natural defllade exists, they should be put in open em-
placements and provided with an approach trench for am-
munition supply. In any case they should be concealed. It
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is not essential that they be within a platoon defensive area
but they should ¢ither have front and flank protection by
fire from nearby platoon defensive areas or should be sur-
rounded by obstacles.

d. The belts of obstacles around the platoon defensive
areas are cohnected so as to form a beit of obstacles com-
pletely around the company defensive area effective against
foot troops and located so that it can be covered by fire
throughout, particularly hy flanking flre from the light
maching guns.

e. The company command post should be located in a
sheltered position such as a ditch or ravine providing pro-
tection from small-arms fire and coneealment from view.
It must be easily accessible to all elements of the company and
to battalion headquarters and is therefore generally located
in the rear part of the defensive area. Both the command
post proper and all routes of approach thereto should be
concealed.

f. The company cbservation post should be located near
the command post and should afford a view of all or the
greater portion of the defensive area and the ground in
front thereof. Both the observation post and the approach
thereto should be concegled.

B 20. BarTaLioN DEFENSE AREA—&. The company defense
areas in a battalion defense area are usually disposed laterally
and in depth.

b. The rifie battalion ordinarily is the smallest unit whose
defensive plan involves all infantry weapons and supporting
artillery fire. Therefore in determining the frontage which
a Jarge command can defend effectively, the rifle battalion
becomes the unit of measure. A battalion organizing a front-
line defense area can defend the following frontages:

(1) For defense of vital tactlcal locality with limited ob-
servation and fields of fire such as in heavily wooded terrain,
not to exceed 800 yards,

(2) For defense of vital tactical locality on average terrain,
not to exceed 1,500 yards.

c. A front-line battalion usually will locate two companies
ont the main line of resistance and che company In battalion
reserve (see fig, 12),
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(1) Companies on the main line of resistance organize
company defense areas capable of mutual support.

(2) The function of the battalion reserve is to expel the
enemy by fire and movement from any portion of the bat-
talion area which may have been occupied by the enemy.
Should the tactical situation prevent counterattack, the re-
serve must stop or delay further advance of the enemy and
must accordingly be prepared for defense to the front, flanks,
and rear.

d. A battalion defense area on the regimental reserve line
ordinarily must cover the combined frontages of two battalion
areas on the main line of resistance. A battalion in regi-
mental reserve usually prepares positions for its companies
abreast along the regimental reserve line; any organization
in depth of the regimental reserve position must be accom-
plished by the companies in their dispositions of rifle platoons,
light machine guns, and 60-mm mortars.

e. Supporting wegpons—A battalion plan is drawn up for
use of all supporting weapons.

(1) Heavy muachine guns—(a) The heavy machine guns
are disposed in width and depth throughout the battalion
defense area. Their fire forms the framework with which all
other fire directed against foot troops is coordinated, other
weabons being used to fill in any gaps in such fire. They
should be able to cover the front of the position with con-
tinuous interlocking bands of grazing fire, and to cover the
most likely avenues of enemy approach with enfilading fire.
Other weapons are used to fill in any gaps in fire of machine
guns, The primary mission for each gun normally includes
placing an extended band of grazing fire along the wire or
other obstacle on the front or flank of a defensive area, such
fire to be delivered under any conditions of visibility. The line
along which this fire is delivered is called the final protective
Itne.

{b) It is necessary to provide depth to machine-gun de-
fense so that the guns will be in position both to prevent
enemy penetration to the rear part of the position and to
support counterattacks.

(¢ Heavy machine guns are gited in pairs, the guns of
each pair having identical sectors of fire. They are located
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either within or under protection of platoon defense areas.
Each gun should have primary and alterhate emplaceinents
from which their primary mission can be accomplished, and
a supplementary emplacement from which a secondary mis-
sion can be accomplished. The guns in a pair should be
spaced 20 to 50 yards apart, close enough for control by
one man but far enough apart so that one shell burst can-
not put both guns out of action. Primary and alternate
emplacements should be at Ieast 50 yards apart so that fire
directed on one location will not through natural dispersion
cover hoth. All emplacements should provide splinterproof
shelter and shouid have covered routes of approach or
approach trenches for supply and communication.

(2) Mortars—The 81-mm mortars are assigned a posi-
tion area within the bhattalion defense area far enough to
the rear of the main line of resistance so that they can
direct fire into platoon defense areas on that line without
displacing to the rear. Within the position area each mor-
tar is provided with primary and alternate emplacements
s0 located that from them fire can be directed oh any gaps
in fire of the flat trajectory weapons, Each mortar requires
ah observation post and a covered route of approach. All
emplacements should bhe the open standing type carefully
concealed from air anhd ground observation. They should
preferably be located in defiladed positions.

(3) Antitank ouns~—The mission of the battalion anti-
tank guns is to provide protection for the battalion sector
from tank attacks. The guns should therefore be located so
as to cover probable routes of approach for tanks. They
should be far enough forward to ehgage a tank attack be-
fore it reaches the main line of resistance, but in any case
should not be forward of the front line of platoon defense
areas, ‘The guns are distributed laterally rather than in
depth, and where possibie should be able to fire in support
of each other. They should be provided with primary, alter-
nate, and supplementary positions, all of the open stand-
ing type, well concealed. As the guns operate by direct
observed fire only, all emplacements must be located anhd
constructed to permit this.
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f. A battallon defense area is organized for all around
defense against both foot troops and tanks.

(1) Belts of ohstacles surrounding the company defense
areas are connected so as to form a continuous belt effective
against foot troops around the battalion defense area located
50 that all points can be covered by fire. Particular atten-
tion must be paid to siting of obstacles so they can be
enfiladed by fire of heavy machine guns. Wire entangle-
mnent placed primarily for this purpose is called tactical
wire, as distinguished from wire entanglement used primarily
to protect a platoon defense area from being rushed, which
is called protective wire. Wherever possible, both functions
should bhe performed by one belt of wire or other obstacle in
order to conserve materials and labor.

(2) Tank obstacles should be provided to block all possible
avenues of approach for tanks Into the battalion defense area.
Locations of tank obstacles and battalion antitank guns should
be coordinated so that the guns can cover the obstacles by fire,
if possible. Otherwise the antitank guns are located to cover
the most favorable approaches for tanks not covered by
obstacles.

@. Battalion command and observation posts are located In
accordance with provisions enunciated for the company, the
command post usually being in the battalion reserve area.

h. Company and platoon defense areas should be assigned
sectors or positions which will most effectively protect the key
point of the battalion defense area by covering routes of ap-
proach to the key point with planned fire. Development of
the fire plan involves siting weapons and assignment of sectors
and areas of fire so that all area in front of the position can be
covered by some type of destructive fire, and that fire can be
delivered against the enemy if and when he succeeds In pene-
trating any part of the position. It is essential to coordinate
fire of subordinate units to avoid and eliminate duplication, to
assure that all areas are covered, to gsee that fire gives mutual
projection to adjacent units and weapons, to assure maximum
development of flanking fires, and to see that fires are
capable of being switched and shifted to meet unexpected
developments.
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N 21. REGIMENTAL SECTCRS.~. A regimental sector is the larg-
est defensive area in a battle position and is the only one which
completely covers the battle position in depth. It normally
consists of three battalion defense areas, of which two are on
the main line of resistance and one on the regimental reserve
line. They are disposed so as to ccecupy and defend keypeints

FiGure 12 —Battalion defense ares,

Note.-—Locations and fires of all weapons of the battalion to in-
clude light machihe guns of rifie companies and Iceations of their
60-mm mortars are shown. Primary target areas for the 8l-mm
mortars and normal barrages of supporting artillery are shown
Note that solme of the 60-m mortars are attached to front-line
platocns snd that the caliber .30 light machine guns are employed
in the defense in the same manner as heavy cal. .30 machine guns,

within the regimental sector, and so as to protect keypoints in
rear of the regimental sector, especially those affording obser-
vation to the supporting artillery. Their fire must be eoordi-
nated both within the regimental sector and with that of
adjoining sectors.
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b. 37-mm gntitank guns~—(1) Antitank defense of a regi~
mental sector consists of two coordinated echelons, the bat-
talion antitank guns for defense of forward areas and the regi-
mental 37-mm antitank guns to give depth to the defense and
to protect the flanks. They should either be placed within or
under protection of company defense areas or be assigned
troops to furnish. local protection.

(2) Due to its low mount, the antitank gun cannot be dug
in at its firing position. When not in action the guns are
usually held in positions of readiness near their firing posi-
tions in areas defiladed from flat trajectory fire, shelter or
concealment being provided for gun and crew. Firing posi-
tions should be located on commanding ground with wide,
clear sectors of fire covering probable routes of tank approach.
They are not prepared except for providing fox holes for oper-
ating crew and digging in ammunition.

¢. In organizing the regimental sector, no ohstacles against
foot troops are ordinarily provided beyond those included in
the battalion defense area. However, additional antitank ob-
stacles normally will be necessary. They usually will include
the more readily constructed types such as mine fields and
heavy abatis. Their location should be coordinated with fire
of antitank guns and caliber .50 machine guns so that all such
obstacles are covered by fire.

d. Antiaircraft protection within the regimental sector is
. limited to prescribing areas of air responsibility for the vari-
ous subordinate units and assigning antialrcraft fire missions
as primary missions to certain units or weapons, principally
{0 heavy machine guns,

W 22. ApdITIONAL ORGANIZATION.—The preceding paragraphs
do not describe a complete organization of the ground;
rather, they indicate the minimum that should be done for a
rear position. The defensive strength of a position can be
increased materially by connecting squad trenches, provid-
ing approach trenches, strengthening tank aobstacles, pro-
viding shellproof weapon emplacements and protected shel-
ters for personnel, and such other additional work as the
situation demands or time and labor permit,

B 23. ArTILLERY SUPPORT—In addition to organic weapons,
the infantry normally receives direct support from artillery
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in the form of barrages and concentrations covering such
areas and delivered at such times as the Infantry desires.
Pertinent data on such fire are given in table II,

TaBLE II.—Placing of barrage fired by a battery of field

artillery

b Minimuu{l safe dist-
Area of barrage . ance from io-

Cati- Burst Diam- | fantry jn—

ber Typo of L) oneen
(mm) shell trati
‘Eoer- on h
Normal goney Open | Trenches
75 Gun_.._... | 5x30|100x 200 | 100 x 300 | 100-300 | 200-500 200-400
105 | How._..___. 9x 40 | 10¢ x 300 | 100 x 400 20-400 300-400 200400
155 {g““ ------- } T L IR N 200-400 | 600-700 |  300-400
L6}

Norz-—All dimensions given are in yards, Safe distances will vary
with ranges and nature and efficiency of observation. In general,
barrages should be placed at distances of 300-500 yards from infan-
try. If protection furnished is exceptionally good, minimum dis-
tances given may be reduced by about 50 yards.

W 24, OurPoST AREA—@. The enemy situation permitting,
every battle position should .be covered by an outpost to the
front. The area in front of the main line of resistance of
the bhattle position occupied by the outpost is called the
outpost area.

b. When the outpost troops have only the ustal outpost
missions, that is, to protect troops in rear against surprise,
to prevent an attack upon them before they can be prepared
to resist, and to prevent or restrict enemy reconnaissance and
ground observation, little effective resistance to a general
attack is expected. The outpost consists of squads, platoons,
companies, or battalions, depending on depth of the outpost
area, sent forward by units holding the battle position. Little
ground organization is contemplated. An outpost line of
resistance (OPLR) should be designated along which the
outpost is disposed so as to carry out its mission. The fires
of elements of the outpost and its supporting artillery are
coordinated along this line.
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¢. When in addition to the above missions the outpost is
charged with absorbing shock of an attack, depriving it of
momentum and breaking up the enemy organization, battle
ensues over a zone of considerable depth. The outpost area
is organized as thoroughly as conditions will permit, and
battie positions and organized outpost area collectively are
called a defensive zone (see fig. 13).
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FIGURE 13.—Defensive zone (square division).

33



FIELD FORTIFICATIONS 24

d. Organization of the outpost ares is coordinated by des-
ignation of a line of resistance for the outpost which should
be located not less than 1,500 nor more than 4,000 yards in
front of the main line of resistance in order to give sufficient
depth to the outpost area and in order that artillery located
behind the battle position can support the cutpost and place
fire from 1,500 to 2,000 yards beyond the front line. A line
of observation is established in front of the outpost line of
resistance. Qutpost forces generally consist of hattalions or
companies with attached machine guns sent forward by regi-
ments or brigades holding sectors of the defensive zone. The
organization consists of mutually supporting tactical locali-
ties similar to those heretofore described for the battle posi-
tion. Units of the outpost usually are required to cover
more extensive fronts than similar units on the battle position.
This results in greater intervals between tactical localities.
Companies may be required to cover 800 to 1,500 yards of
front and a battalion 2,000 to 2,500 yards. The importang
tactical localities in an outpost area are those which furnish
important ohservation into the enemy territory and control
probabie routes of enemy advance into the defensive system.
These are organized usually as company defense areas oOr
if their importance warrants as battalion defense areas.
Intervals between these important localities should not exceed
3,000 vards. Where necessary, intervals between these de-
fense areas are covered by the organization of detached
platoon defense areas. Because of the longer time they can
hold out and the greater effect of larger organizations in
breaking up enemy attack formations, provision should be
made in case of a general attack for withdrawal of garrisons
of small organized localities into the larger and more
important ones.

e. In some gituations in zone defense the importance of the
front held and dquantity and power of enemy artillery require
that the main line of resistance be placed far enough in rear
of the OPLR to be beyond effective range of the bulk of the
hostile guns, 6,000 to 8,000 yards. This depth of outpost
area is too great to permit adeguate support of the outpost
from the battle position, and some troops (infantry and ar-
tillery) must then be located between the front line and the

39



24 ENGINEER FIELD MANUAL

battle position to support the forward outpost elements and
supplement their action in delaying and disorganizinz hostile
attacks. Such an outpost ares is in effect a delaying area
(fig, 14).
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Fiqgure 14.—Defensive zone with deep outpost area (squate division}.

f. Continued occupancy of a defensive zone results in de-
velopment of organized tactical localities of the outpost area
into a more or less well-organized position consisting of—

(1) A line of observation (the front line) in front of the
line of resistance occupied by outguards to provide observa-
tion and defense of the foreground.
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(2) A line of resistance occupied by company defense areas
to cover the front by fire and to hold important tactical
localities.

(3) A reserve area occupied by company defense areas to
assist the units on the line of resistance ¢(fig. 15).

M 25. RESERVE BATTLE PosiTioN.—a. In any defensive situa-
tion the commander must always consider the possibility of
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Ficure 15—Elements of an outpost pesition for a defensive zone
(square division}, (Distances shown are approximate.}

defeat in the selected battle position and the necessity of a
continuation of the defense farther to the rear. Depending
upoh time available and importance of the front held, an
additional battle position may be-——

(1) Selected from the map.

(2) Reconnoitered and a plan of organization prepared.

(3) Staked out and partly or wholly organized,
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b. Such a position is designated as the “reserve hattle posi-

tion” (fig. 1§). On highly important fronts additional posi-
tions in rear of the reserve battle position may be selected,
reconnoitered, and staked out. Selection of the reserve battle
position ahd other positions in rear is based on placing them
at such a distance in rear of the battle position next in front
that the enemy after having successfully attacked a forward
position would have to advance the bulk of his artillery be-
fore undertaking attack of the next battle position. The
requirement calls for a distance of at least 6,000 yards; con-
figuration of the terraln may require some modification of
this rule.
8 26. SwitcH PositioNs.——In addition to the several positions
or organized areas of a defensive zone paraileling the front,
additional positions are provided oblique to the front and con-
necting the forward position or areas with those in rear.
These oblique positions, designated “switch positions” (fig.
16), are established on the flanks of localities in the defensive
system where due to lack of natural defensive strength or
for other reasons there is a probability of an enemy penetra-
tion. Attacks against a defensive zone in order to break
through the defensive organization on a front broad
enough to insure success must be exploited to the flanks as
the advance progresses to counteract narrowing of the initial
front of attack by resistance of the defense. Switch positions
are planned to resist exploitation by the enemy to the flanks
of a penetration, to insure continuity of the front when
forward defenses have been broken through, and finally to
provide a line from which general counterattacks against the
flank of a penetration may be started.

SEcTION IV
EFFECT OF PROJECTILES

B 27. GeNEraL.—Penetration and effect of small-arms, ar-
tillery projectiles, and aircraft bombs are extremely variable.
Fortifications must therefore he desighed with large safety
factors. However, maximum probahble penetration and effect
must be kept in mind so that works may be strong enough
to resist projectiles without unnecessary expenditure of Iabor
and material,
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B 28. INFANTRY WEAPONS.—a. Penetration of cal. .30 rifle,
automatic rifie, and machine-gun nondrmor-piercing bul-
Iets—(1) The United States Army rifle, M1903, the new M1
semi-automatic rifle, cal. .30 Browning automatic rifle, and
the cal. .30 machine gun all fire the same ammunition and
may be taken as a fair example of the small arms of the
various nations. The 174-grain boat-tail bullet fired by these
weapons has a flat trajectory and wide danger zone at all
probable ranges.

(2) "Pable I below gives approximate maximum penetra-
tions in various materials of the 174-grain nonarmor-piere-
ing bullet fired from the rifle at range of about 200 yards,
together with thickness of armor necessary to give adeqiate
protection. Prolonged concentrated fire (for example, from
a machine gun) will penetrate these thicknesses. 'Though
this effect is not likely to oceur often, it may be necessary
in special cases to provide extra thickness for protection.

TasLE II.—Safe thickness of material to protect against the
174-grain, nonarmor-piercing bullet

Maximum | Thickness

Material penetra- | to be pro- Remarks
tion vided
Inches Tnches
Armor plate .. _____.___ 0.3 0.5
Cenerete (plain) 20 3.0
Brick masonry__ . ____-.___ 5.0 7.0, Greater pepetratien  when
bullets strike in zolt moertar.
8.0 10.0
12.0 14.0
14.5 18.0
20.0 240
30.0 36
60.0 72 Varies greatly. Thisis maxt-

mura.

b. Armor-piercing caliber 30 and caliber .50 bullets.—
(1) Table IV below gives some of the characteristics of
special armor-piercing caliber .30 and caliber .50 bullets.
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TasLE IV
- Armor penetration at— 'I‘}rnickness
ot Projectile of armor
Caliber weight to provide

100 yards | 300 yards | protection

Graing Tnches Irches Inches
B0, M6 s 174 B |
B0, MG . b2 20 P, 1 2

(2) It may be taken as a general rule that specially de-
signed armor-piercing rifle and machine-gun bullets at their
most favorable ranges can penetrate special steel (tank)
armor twice their caliber in thickness and that armor
four times the caliber in thickness gives adequate protection
against them.

c. Special armor-piercing.—(1) Table V gives character-
istics of infantry weapons specially designed for their
armor-piercing qualities. They are typical of such weapons
likely to be found in the various modern foreign armies.

TaBLE V

Armot penetration

Antitank gun Projectile | Muzzle | -

weight velocity | 600 yards
normal Ithy?uyfa«ig,
impact pac
Feet per
Pounds second Inches Inches
0.72 3, 000 1.95 | aaas
1.85 2,600 2,20 1.5
3.50 2,000 190 |

(2) Penetration of armor cannot be counted upon when
the angle of impact is greater than 30° from normal. At
these larger angles of impact the projectile either ricochets
or breaks up.

d, Mortar shell—Infaniry mortar shell similar to the
60-mm and 81-mm mortars have a high angle of fall and
can reach defiladed objects. Due to their low velocity they
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have little penetrative power. On the other hand, they carry
heavier bursting charges than artillery projectiles of corre-
sponding weight and caliber. They are consequently espe-
cially effective when used against light obstacles. and produce
gserious destructive effects when they fall’ within trenches.
They are effective against surface and light shelters but
are relatively ineffective against shell-resisting or bomb-
resisting structures.

B 29. ARTILLERY AND AIRCRAFT.—g. Genergl.—(1) This para-
graph covers penetration and crater effect of projectiles in
natural earth and their effect upon various types of fortifi-
cations. Effect of single artillery shells or bombs is stated
with a view to establishing in the mind of the engineer a
. conception of what constitutes safe construction and the
resistance to fire various type of fortifications will present.

(2) Penetration and crater effect of projectiles are highly
variable. Fortifications intended to resist continued bom-
bardment must be designed with very large safety factors.
Probability of such continued bombardment and probable
power and direction of projectiles likely to be used by the
enemy must be fully considered.

b. Shell or bomb.—(1) If the projectile has an instanta-
neous fuse, the detonation of the filling and hursting of the
case will occur so quickly that the projectile will not have time
to penetrate the object it strikes to any great extent and
depth of penetration will be indeterminate. If a fuse with
sufficient delay is used and the angle of impact is not such
as to produce a ricochet, the projectile will penetrate the
object it strikes and detonate at a depth dependent on sev-
eral factors, among which are nature of materials penetrated,
terminal velocity of projectile, weight and cross section of
projectile, strength of projectile case, and type of delay fuse
used. Deep penetration in connection with long delay fuses
where the projectile has attained its full penetration before
it explodes serves to place the projectile where it is well
tamped and the explosion probably does the most damage,
that is, deep in parapets of trenches, inside casemates, and
nearer chambers of underground shelters than the surface.
Destructive effect is due to impact of the unexploded shell,
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impact of the explosion, and shattering or disruptive effect
of the explosion, including fragmentation and cratering.

(2) It is emphasized that these several factors which
produce destructive effect of projectiles are defined only for
general information purposes. Sufficient experimental data
are not available to conclude that in any given case the vari-
ous effects are cumulative or selective, and it is not possible
to state against which effect or combination of effects pro-
tection must be provided. It is important to realize the
limitations imposed both by inherent uncertainties of warfare
and difficulties surrounding research.

¢. Ricochets—The course followed by a projectile after
impact on level ground depends on angle of impact, terminal
velocity, weight and dimensions of the projectile, its rota-
tional motion (if any), and resistance of the ground. 1In
general, action is as follows:

(1) If angle of impact is less than 7°, projectile ricochets.

(2) If angle of impact is between 7° and 25°, shell either
ricochets after traveling a short distance in the ground, or
remaing in the ground at slight depth. Long pointed shells
usually show a greater fendency to come ouf of the ground
than short peinted ones,

(3) If angle of impact is between 25° and 40°, prolectile
has a tendency to turn toward the surface and deep pehe-
trations are not generally secured.

(4) If angle of impact is greater than 40°, projectile fol-
lows & straight course and reaches maximum depth consistent
with its terminal velocity, weight, form, and hardness of the
ground. ‘This is the class of fire against which protected
shelters must be designed, and is in general characteristic
of gircraft bombs on horizontal surfaces.

d. Penetrations—(1) Formula.—Experimental data with
respect to penetration are inadequate.,” 'The following em-
pirical formula has been developed to give maxXimum pene-
tration of Dprojectiles in various materials, impact being
nermal. It applies hoth to artillery and aircraft projectiles.
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Results given by the formula will be considered only as
approximations.
p-02BWAK

in which P=Penetration of prejectile in feet.
wW=Weight of projectile in pounds.
D=Dlameter of projectile in inches.
A=A constant depending on striking velocity ac-
cording to the foilowing table:

N ) I

¥ elocslgscr(.)é%et per n 7 V eloc;g(.nﬂt:iet per " ¥ °1°‘§}§3’(;,?§f,t per A
477 8.76
5.34 Q.15
b. 89 9,51
6, 41 9.92
6,42 10. 20
7.40 10. 64
7.87 10, 98
831 1120

K=A constant depending uponh nature of resistance shown in
the following tabie:

Material K Material K
Conerete MASONIF e —ccmeome G.64 || Sandyearth oo 2,94
Stone. ..o - 6. 94 || Ploughed earth. 3.86
Brickwork .. .. 163 [} Clay Soid oo oo 5. 87

W and D are obtained from characteristic tables of the
projectile under consideration.

(2) Field artillery projectiles—The following table gives
penetration of field artillery projectiles in ordinary compact
soil:
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TABLE VI—Penetration of field artillery projectiles

Penetration

. Striking Angle of
Caliber velocity impact

Vertical | Horizontal

Feet per
second Degrees Feet Feet
TEMM . . 730 45 - 4 4
105-mm_ ..o, - S04 45 5 b
16-mm._. . oo . 770 45 7 7
8inch.__ . ... o L. .. 790 48 9 9
240mm. . L. 306 45 14 14

¢a) Figures 1T and 18 give data secured by firing sand-
loaded shell, observing point of fall, and then digging up the
shell, These illustrations, together with the more extensive
experiments upon which they are hased, indicate that when
angle of impact is greater than 40° the projectile moves
in a straight line until a considerable proportion of its
velocity 1s lost. Then, particularly if it meets a somewhat
harder stratum of material, it tumbles forward and comes
to rest with its nose to the rear.

(b) To secure deep penetrations, large caliber howitzer
projectiles which strike the target with an angle of impact
in excess of 40° are required. Weapons smaller than the
155-mm howitzers and flat trajectory weapons are in general
ineffective agalnst heavy fortifications. Large howitzers or
mortars are required to destroy well-constructed cut-and-
cover and cave Shelters,

(¢) For thickness of cover required to provide protection
against various artillery projectiles see table XXVT, para-
graph 53.

(3) Airplane bombs— (@) Daia—Experimental data per-
taining to the penetrations of airplane bombs in earth are
inadequate.

(b) Striking velocity—The trajectory of a bomh is a curve
which would be a parabola in vacuo but in air is somewhat
steeper. 'The bomb loses speed in its initial direction but
gravity gives it velocity toward the earth which increases
to a certain maximum limited by air resistance, Maximum
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striking velocity depends on weight, shape, and dimensions
of the homh, and prevailing atmospheric conditions. From
the point of view of structural protection, angle of impact,
that is, the angle which the bomb makes with the vertical
at the moment of impact, is important. Table VII gives
approximate striking velecity and angle of impact for bombs
heavier than 100 pounds released from an aircraft flying
horizontally at 200 miles an hour.,

TaBLE VII
Angle of
Height of impact Striking
release with vers viloeity
tieal
Feet per
Fevl Degrees second

1, ok 4fi 30
3, 00 a3 S20
5, (00 9 610
7. 500 22 710
JUALLY 14 &
12, 5001 iv.5 880
15, 000 [[H] 950

Taking all factors into consideration. it is safe to assume
that the maximum striking wvelocity of a high-explosive
bomb that need be taken into account in structural defense
is 1,000 feet per second. The correspanding velocity for a
2-pound incendiary botrib is about 400 feet per second.

(¢) Types and dimensions.--For convenience types of HE *
bombs are classified with reference to weight of the container
as heavy-case, medium-case, lisht-case, and antipersonnel, as
noted in table VIIL

TagLe VIII
Charge = 1. :

Type i " ross weight

Type of bomb “:;;HE‘;):[- (pounds)
eV Y 0080 . oo e i C e mme e el e Bmall. . 250 to 2,000,
IMECQININ-CASO - oo oo e i 25 (o 40____..} 50 to 1,000,
Light-case. __...__ s 60 Lo 2,000,
Antipersonwell .. L. e .. Wt . |20
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Table IX gives typical diniensions for a few bombs. The
figures in bracketis in the second column give the length of
bomb-carcass, that is, the part enclosing the charge. The
tail portion is often only a stream lining designed to give
good ballistics and to carry the fins.

TaBLe IX.—Typical dimensions of aircraft bombs

Bomb Length | Diameter Is‘ffstslgﬁ?ll

Pounds per

Feet Tnches square inch
2,000-pound, light-case. .. [ 13 (9) 24 4.4
1,100-pound, heavy-case... .. ... _... 6 (4) 12 9.7
550-pound, medlum-case_. ... _________ 5 (4) 15 3.1
220-pound, wmedinm-case. ... __..___..... 414{2) 19 2.8
100-pound, medium case_ ... ____.__ 4 (2) ] 1.6
20-pound, antipersennel ... ... 2 (1) 5 1.0

1 Weight--maximum cross section area.

(@) Depth—Figure 19 gives approximate depth of pene-
tration at Zero angle of impact, for unit sectional density of
aircraft bombs. To oblain total penetration multiply value
for penetration taken from the flzure, by sectional pressure -
given in table IX. The formula in paragraph 294 conforms
in general to the curves in figure 19.

{e) Referring to the formula given in paragraph 294, the
following computations are made:

550-pound bomb, D=15 inches (from table IX).
W=550 pounds (approximate).
Assume sandy earth, K=2.94; conditions giving 1,000
feet per second velocity of impact, then let A="7.50.
p— -23WAK _ .23X550X7.50X 2.04
D2 152
These results can only be accepted as approximations of pene-
trations to be expected in a sandy soil.

{f) Lighter bombs have little penetrative power, even in
natural earth. Larger bombs have sufficient penetrative
power to attack successfully protected shelters and buildings,

== 12.4 feet.
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Frcure 19.—Penetration of aircraft bombs.
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TapLy X.—Penetration of high-explosive bombs, and
Jrom foreign

Baombs Depth of penetration

i
Alab sapporied over

whole of its surface
4d
w = -
2 « g EREHE:
=1 - @ el = & LB
] ] ] ‘3 a Q =] en| Sy
it = g & 3 - Q =283
s | @ @ ] PR 2 o |Eslgg
a1l 4 al= | B |41 8 5] T I85| 2K
a S 2 & O = g E |E8| =2
s lalalsg E |l | ELI=] S E |82 |58
= 2 w | 2 oo w S w8
Ble|l & B2 lajelglRdjiml g g £lg
s (518 BR[| 2918|415 &85 |23
Elo)l 2l mlola|r|lda Rl & 8 |2E|2
1 2 3 4 5 6 7 -1 4 10 11 12 13 14
U= | U= =
2,200 | 8,200 5,700
Lbs. | Tn. |Lbfin?| Lb. j Feet | Fret | Feet | Feet | Feef | Feet | Lbfin?| Lblin2| Feet | Lbfin?
1| w1} 2% 571 13.8| 11.5] 8.6 5.6 4.6] L3 2.0 L3| 12 0.8
0] 98] 2,921 120) 14.4} 12.5] 9.3] 6.3] 50| L3 2.0 1.3| L3 1.0
0| 14.2| 4.20] 360] 20,7 19.8| 14.2] 9.5 7.5, 20l a0l 20l 1.8 1.5
2,000 2.6 6.00{1,2000 20.5]_____|. ... RS FUU IR (RO T, 2.6l ____.
4,000( 25,6 7.8002, 2000 380 ____ | ____ JEPSEN PRV PRI PN P, 33 .
NOTES

Al figures are feet and tenths of feet. exeept where shewn otherwise,
Figures in columns 3, 13, and 15-19 are applicable 10 an average striking veloeity of
20 {feet per second.

and the largest bombs may even peneirate heavy concrete
and armored structures.

(g) Table X gives penctrations of boinbs of various sizes in
earth, gravel, concrete, ete., as well as thicknesses required to
be proof against them. These data are compiled chiefly
from foreign sources and are, in general, based on theoretical
analysis, since there is very little experimental information
on the subject.

e. Crater dimensions—(1) Light artillery projectiles make
relatively small and ineffective craters for destruction of
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proof thickness to perforation and erplosion, compile
sources :

T}t}ickm:iss }j)ust per- | Thicknessjust
oTat y e d, f . .
e 2 v{_i{’ﬁ::ﬁ pé:xrfﬂ;?ifn’ Proof thickness penstration aad explotion
explosion only
2 z 2 1z
£ g E &
=2 E = g = 5] = o
R R o £ T | 53
ERR I - - R - A - - A
el s || ElE|EE|E) 8| & | EE
« & = = c p £ E
% = = EA El = = - % c S
s g = kd ) Z = b = g [4
= I = = - S > b &
15 16 17 13 19 20 21 22 23 24 23
=2 8001 =2.800 u=2200u=3200\u=5.700
Lhfin® | Lbfind | Feet | Feet | Feel | Feet | Feet | Feet | Lbfin? | Lbfint | Lbfin?
2.8 LB 0.3 2.0 1,5
2.6 23| 0.4 2.5 1.8
8.1 3.3 0.6 360 2.6
7.8 &1 0.8 5.4 4.1
115 6.3 L0 6.6 4.9

Columns 18 apd 19 apply to thickness of slab just ““perforable’” by explosicn of a
bomb placed on the slab.

w=Minlmum erushing strenegth of conercte, at age of 28 days, In pounds pet square
inch.

trenches and shelters. These projectiles are effective how-
ever against exposed personnel and light obstacles designed
to stop foot troops.

(2} Medium and heavy artillery projectiles are used for
destruction of shelters, trenches, and other types of fortifi-
cations. Table XI below gives soine idea of their relative
effectiveness but it must be borne in mind that craters vary
greatly with nature of the soil and depth to which the
shell penetrated before explosion. This penetration is de-
pendent upon both kind and setting of fuse and also upon
the s0il, Tabular dimensions must be considered as average.
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TasLE XI.—Probable size of crafers in ordinary compact
virgin soil

(Light loam may double, lgose soil triple these values)

Slight penctraticn Aledinm penetration
Caliber
Diameter | Depth | Dismeter | Depth
Feet Fect Fert Fert
b 114 | T . 4 L5 5 3
LV 01 PP 4.0 2.5 7.8 3.75
155-mm. 10 4 12 &
8-inch 1.5 4 13.5 3
240-mum_ 14 4 15.5 8.8

{3) Table XII gives average crater dimensions for aircraft
bombs with instantaneous and delay-action fuses falling
on sandy loam.

TapLE XI1.—Crater dimensions, sandy foam

Depthof | Diamster | Barth 4t
TVith instantancous fuse: Feek Fect Cubicyards
100-pound .. .- [ 2 9 4
300-pound . _ . 3 13 10
600-pound. .. __ 5 17 17
1,100-pound..__ . 4 20 28
2,000-poud Lo 7 22 47
With delgy-action fuse:
O0-pound . - e 3 20 30
300-pound. . 7 a7 70
S0-pound . . 10 37 170
L100-pound. .. 13 43 320
2,000-pound. ... 17 50 50

f. Trenches—Artillery fire upon trenches can coverthrow
parapets and interior slopes, obstruct leopholes, and displace
earth to the extent that the trenches are filled up or ob-
structed. Only direct hits by light artillery shells, 75-mm to
105-mm, produce appreciable results and fire of these guns
is effective only when single hits can be observed, or when
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the trenches are crowded with troops. Calibers of 155-mm
and greater are normally required for destruction of trenches;
155-mm or 6-inch howitzers usually available in large num-
bers are the most important weapons used for such purposes.

¢. Shelters—(1) By use of protected shelfers, it is pos-
sible to maintain the physical condition and morale of troops
held near their combat positions. Modern artillery fire,
especially that of howitzers which can destroy troops in open
trenches, makes protected shelters an essential and possibly
the most important element in a stabilized fortified battie
position.

(2) Projectiles fired against protected shelters cause the
most damage when they have penetrated deeply and explode
either against or near the structure itself, the overlying ma-
terial serving as a tamping so that the full force of the
explosion is expended upon the shelter. Conversely, if deep
penetrations are not secured and the projectile explodes
nearer the ground surface than the shelter, this f{amping
effect i5s decreased and the force of the explosion escapes
upward. Damage to the shelter is thereby greatly reduced.
Howitzers and mortars are very effective weapons for attack
of shelters as their fire produces few ricochets and nearly
vertical impact with deep penetration.

k. Obstacles and entanglemenis,—(1) Light and medium
artillery and trench mortars are sometimes employed to cut
gaps in wire entanglements. The object would be fto adjust
a heaten zone of fire upon the entanglement so that enough
shells will actually fall within its limits to effect destruction
at the point desired.

(2) Redquirements in rounds of 75-mm caliber to open a
gap about 25 yards in width and 30 yards deep are approxi-
mately as follows:

Range, yards Number of Range, yards Nunzher of
rounds rounds
2500, - e 600 |! 5.000_._. .___ e 1, 000
8000 e, FO0 || 70000 e 1, 200
40000 500
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These requirements apply only to bands of wire not greater
than 30 yards in depth located on practically level ground.
Expenditure of such great amounts of ammunition on such a
relatively nonremunerative target would rarely be justified.
More ammunition must be expended to destroy deeper en-
tanglements. Forward slopes increase and reverse slopes de-
crease accuracy of fire and respectively decrease and increase
ammunition requirements. In particular, reverse slopes serve
to make cutting entanglements by gunfire a difficult and ex-
pensive operation.

(3) Successive bands of wire should be sufficiently separated
so that artillery fire must be adjusted on each band. A series
of separate bands are much more difficult for artillery to cut
than the same amount of material in a single band.

(4) Artillery firing upon entanglements uses high-explosive
shell with instantaneous fuses except when the angle of fall
results in ricochets. Then short delay fuses are used to secure
bursts as the projectiles rise.

(5) Types of obstacles other than wire entanglements are
attacked by artillery in the same mamner but in general do
not resist fire as well. Antitank obstacles however require
tremendous expenditures of artillery ammunition for effective
destruction and except in the ¢ase of fire against mine fields
on hard ground, such fire may leave the ground as difficult for
tanks to traverse as before,

i. Concrete—(1) Existing information on resistance of con-
crete to shell fire has been assembled from observations made
during the World War and from experiments in the case of
heavy, permanent fortifications and primarily from wartime
observations alone in the case of field fortifications.

(2) When large shells are exploded against concrete forti-
fications without penetration, severe vibrations are set up in
the structure. At times these vibrations cause a separation
of the steel and concrete in the case of reinforced structures
which lowers resistance to subsequent shots, The heavy ex-
plosions coupled with the severe vibrations have a very ap-
preciable destructive effect on morale of fortification garri-
50ns.

(3) Large caliber weapons firing base~-fused projectiles with
solid heads and thick walls are required for destruction of
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concrete works., Against horizontal slabs or those sloping
very-little from the horizontal, high angle fire must be em-
ployed.

(4) Concrete splinters badly under shell fire. Steps must
be taken to protect the troops occupying concrete works from
flying fragments of concrete.

(5) Concrete fortifications protected by sand or earth are
much more effective than those without such protective cov-
ering. A layer of earth or sand tends to cause shells striking
at an angle of less than 40° to begin to turn toward the sur-
face or to ricochet and hence reduces the angle of impact
with the concrete. The covering must first be blown off by
shell fire before the concrete itself becomes vulnerable. When
a bomb or shell with a delay-action fuse is used however,
there is danger that the earth cover will help to confine or
tamp the expiosion and increase its effect. A concrete burster
course or detonating slab is valuable for this reason, since its
function is to detonate an instantaneous projectile or to pre-
vent penetration of a projectile with a delay-action fuse.
Walls which are perpendicular or nearly so are usually more
easily destroyed by artillery fire than horizontal slabs. Not
cnly is it easier to secure angles of impact approaching 90°
against such walls, but the sand, earth, and debris in front of
them fall away quickly and expose the bare concrete,

(6) On the whole, concrete, either plain or reinforced, may
be considered as a most effective shell-resisting material,
It is highly valuabie for field fortifications whenever diffi-
culties in connection with its use can bhe overcome. It is
particularly useful for machine-gun emplacements, observa-
tion posts, sheiters for machine-gun and other personnei
that fire from open emplacements, in burster courses made
up of many small, easily handled slabs, and for shelters that
must be built above ground because of ground water or hard
rock near the surface. See FM 5-10 for details of mixing
and placing concrete in the field.

7. Masonry—Stone and brick masonry show many char-
acteristics similar to those of plain concrete but usuzlly
have much less power of resistance. The quality and strength
of the mortar, interlocking bond used in laying courses, size
and nature of stone or brick, all have a great deal to do with
the resistance of masonry.

59



25-31 ENGINEER FIELD MANTAL

k. Armor plate—Armor has been used extensively hereto-
fore only in permanent fortifications. Steel turrets have
been found to resist even the most intense artillery bom-
bardment very well. Due to their small size it is difficult to
secure direct hits on them, If they are properly designed
even direct hits by heavy shell frequently ricochet without
doing serious damage, Penetration is not essential to disable
a turret however since it may hecome jammed by a direct hit
or the supporting concrete so cracked or displaced that it
cannot function.

1. Buildings and villages—(1) Light and medium artillery
and small aircraft bombs are used against wooden buildings.,
White phosphorus smoke shell, incendiary bombs, and low-
bursting shrapnel are effective in starting fires.

(2) Medium and heavy artillery and medium aircraft
bombs are used against stone and brick buildings. The
cellars of masonry huildings are difficult to reach with artil-
lery fire and frequently serve as effective shelters. The pos-
sibility of being trapped or buried by debris may make such
locations dangerous.

SEcTION V

TRENCHES

B 30. GeneraL~—a. Trench construction may be considered
under three heads, planning, tracing, and execution.

b. No work except that of the greatest urgency, notably that
in connection with hasty defenses, should be undertaken with-
out careful planning. Even when some delay results from this
procedure, the time lost is usually regained in execution of
the project.

¢. It may be enunciated as a general rule that 10 work
should be done at night that can be performed by day.

B 31. Trace, TRACING, AND ProFILE.—¢g. The detailed location
of & trench on the ground or on a map is called iis trace, and
the operation of laying out this location on the ground with
suitable marking devices is called tracing.

b. A profile is the cross section of the trench upon a vertical
plane perpendicular to its direction. In order that diseussions
following may be clear, figure 20 shows nomenclature of
various trench features,
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M 32. NECESSITY FOR STANDARD TyPES.—Trenched constructed
in contact with the enemy are usually the result of hasty and
frequently poorly coordinated efforts to obtain cover from
enemy fire. Such trenches eXcept in the most mobile situa-
tions must be developed into more complete and well-coor-
dinated defensive systems. Both in this development and in
construction of deliberate defenses out of contact with the
enemy, a ready knowledge of ¢ertain standard trench traces
and profiles assists materialiy. Established standards, work-
able and well-known with standardized material provided,
give an objective toward which to work, though this ideal in
many cases may never be reached. EXperience teaches that
practice may be restricted to a limited number of simple forms

re Crest  ~Elbowest
B, e 1

Bround Level 2 I_ Y
Front Slopeyy

FIGURE 20 —Trench nomenclature.

that will meet practically alt situations. Standardization of
types and materials and familiarity therewith by ali combat
personnel in such detail as their duties require result in uni-
formity in training and practice, and economy in planning,
execution, and supply of tools and materials,

W 33. CLASSIFICATION —q. Direction (fig. 21) —With reference
to direction, trenches are classified as-—

(1) Parallel, or those with general direction parallel to the
front, primariiy for fire purposes but also providing for lateral
communication.

(2) Approach, or those with general direction perpendicular
to the front, for fire or communication purposes or for both,
depending upon location and use in the defenslve system.

262375°—40——5 61



33 ENGINEER FIELD MANUAL

(3} Switch, or those with general direction inclined to the
front; these connect two parallels for the purpose of preserv-
ing continuity of the front in case of capture of a portion of
the line. Switch trenches are primarily fire trenches but may
also serve as cominunication trenches. :

b. Employment—With reference to employment trenches
are classified as—

(1) Fire, designed primarily to provide cover for perSOnneP
when delivering rifle fire,

ENEMY

PARALLEL

APPROACH

PARALLEL

FicurE 21 —Trenches classified by directlon.

(2) Communication, designed primarily to provide cover
for personnel moving from:one part of an mtrenched zone
to another. - ,

c. Constructwn.——W1th reference to construction, trenches
are classified as hasty and dellberate. (See sec. 1)

(1) The principal works employed in connection with hasty
defenses are-hasty fox holes, trenches, and emplacements for
automatic weapons and light mortars constructed on the
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battlefield during mobile situations and usually under enemy
fire. .

(2) Deliberate trenches, constructed in connection with
deliberate defenses, are theose not included in hasty trenches
on the onhe hand, and not pertaining to permanent fortifica-
tions on the other. Such trenches are usually more carefully
designed than hasty types, are of stronger profile, and have
greater defensive power.

d. Sap-—A sap is a trench which is constantly prolonged
in the desired direction by .digging away -the:earth -at its
head from within the trench itself. The earth is usually
thrown up as & parapet on the exposed flank and end,
thereby giving additional protection to the working party.
Construction of saps is referred to as sapping.

M 34, Hasty—¢a. General—The normal inclination of the
soldier pinned to the ground by enemy fire is to “dig in”
to hold the ground he has gained. The resuit of his efforts
is a hasty intrenchment or fox hole which he constructs with
the intrenching tools carried on the infantry pack. The
hasty trenches discussed and illustrated in thig section are
given as examples of good practice rather than as standards
to be followed rigidly. They represent excavations to gain
hasty cover and to be developed eventually into forms approxi-
mating deliberate trenches.

b. Skirmisher —Figure 22 shows the simple lying-down or
skirmisher trench dug by the soldier while under small-arms
fire. It is ordinarily excavated from the prone position by
single soidiers or by small groups working side by side. In
soft ground the soldier can mask himself from view from
the front and secure appreciable protection from rifle and
machine-gun fire in from 10 to 12 minutes, ‘The trench
should be completed to the dimensions shown in less than
1 hour when dug from g prone position with the infantry
intrenching tools. It gives excellent protection againgt rifie
and machine-gun fire, and to some extent against high-
explosive shells. It is too shallow to protect satisfactorily
from shrapnel fire. Additional protection may be gained by
placing the pack, if carried, on the parapet.

c. Fox hole—A more usual form of hasty intrenchment is
the fox hole shown in figure 23. It is started from a prone
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or crouching position (0 and may be developed successively
to kneeling (2 and standing (3), which gives satisfactory pro-
tection against small-arms and light artillery fire. If en-
gineer tools are used, not under harassing fire and in medium
soil, the standing type can be completed by one man in
slightly less than 1 hour. If infantry intrenching tools are
used, the time to complete the standing type in medimn
soil is about 1% hours, I under harassing fire, time required
for completion will be increased, amount of increase depend-
ing on degree of enemy interference,

FIGURE 22 —8kirmisher trench.

d. Shell hole positions—Hasty inttenchment may take the
form of an improved shell hole shown in figure 24. In this
case the improvement consists of a recess hollowed in the
forward slope to give an inconspicuous but effective firing
position with lateral protection from shell fragments and
enfilade fire. In a shell-pitted area, shell holes afford guick
protection and a high degree of concealment for a small
expenditure of labor.

e. Slit trenches—Narrow trenches are used during mobile
situations for communication purposes and particularly for
immediate protection of personnel from artillery fire. Figure
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PARAPET
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e
PROFILE
@ Standing.
F16URE 23.-—Fox holes,
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25 shows creeping (D and standing (@ types. Figure 26 shows
a deeper trench revetted with struts resting against opposite
walls and especially designed to protect against shell fire,
Such a trench would he constructed only in short lengths
adiacent fo the firing position; it is particularly applicable
for use as a shelter for machine-gun personnel, When spoil

Fiouee 24.—Improve|:l shell hole.

from slit trenches is wasted at a distance from the excava-
tion, the trenches become nearly invisible to ground ohserva-
tion, Slit trenches are liable to be caved in by concentrated
artillery fire thus becoming blocked as lines of communica-
tion, and deeper t¥pes are more dangerous to their occupants
than trenches of wider profile.
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FiaureE 26,—8Slit trench to protect against shell fire.
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f. Shallow connecting trenches—In order to provide for
lateral communication along the line of fox holes, shallow
connecting trenches are dug. The trench shown in figure 27
may be taken as typical, It has an average width of less
than 2 feet and a depth of 1 to 1'% feet, and requires about
2 cubic feet of excavation per running foot of trench. With
a parapet about 9 inches high such a trench provides cover
for a man crawling on his hands and knees. When men
are to gecupy fox holes overnight, they usually extend the
fox holes longitudinally, merging them with the shallow
connecting trench so as to le prone while sleeping. If
occupied for several days, recesses with overhead cover may
be prepared. Care must be taken to dispose of the spoil
from such digging so as not to atiract enemy attention to
the work.

FIGURE 27.—Shallow connecting trench.

B 35, DELIRERATE —0. Genreral—In deliberate organization
of a position cohstruction of trenches is inseparably related
to the other elements of fleld fortification. 'The entire de-
fensive organization must conform to the tactical plan. The
completeness of the system will depend on the time,
materials, equipment, and labor available.

b. Requirements.—A deliberate trench must fulfill the
following reguirements.

(1) If a fire trench, it must have a good field of fire and
permit the maximum use of the defender’s weapons. It
must lend itself particularly to development of flank or cross-
fire as well as fire to the front.

(2) It must provide protection against enfilade fire by
means of freguent abrupt general changes in direction.
Both parallels and approaches that may be enfiladed by
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observed enemy fire should make a general change in direc-
tion at least once in 100 yards {see fig. 30).

(3) It must Yimit the effect of a bursting sheil through
subdivision by means of frequent changes of direction.

(4) In order to reduce the nuimber of projectiles that may
fall directly into it, it must be ag narrow as practicable, but
‘it must not be so narrow as to make circilation within it
unduly difficult or to render it easily blocked by caving.

(5) It must be sited to take advantage of natural drainage
of the terrain and so constructed as to be adequately drained.
(6§) It must be simple and easy to lay out and construct.

() In addition to the foregoing regquirements, if a com-
munication trench, it should be wide enough to permit two
columns of men in single file to pass readily. If it is imprac~
ticable to provide such a width. throughout the length, it
must be widened at intervals to provide passing places.
Where sharp changes of direction occur, the trench must be
widened so that a bulky piece of equipment such as an Open
litter can be carried through easily.

(8) When the various platoon, company, and battalion
areas of a defensive position are connected by parallels
and approaches, the defensive lines thus created should as-
sume bold curves in making major changes in direction addi-
tional to those prescribed in (2) above in order to increase
the enemy’s difficulty of -organizing bombardments and bar-
rage fire.

c. Camouflage and concealment.—(1} All trenches should
pe camouflaged or concealed from both air and ground ob-
servation Insofar as practicable or, failing that, rendered as
inconspicuous as possible. It is impossible to eamouflage
extensive trench systems except in woods. Individual posi-
tions within the trench system, for example machine-gun
emplacements, shelters, and trenches approaching these posi-
tions, can he camouflaged eflectively and with great benefit,
Such camouflage combined with continuity and uniformity
in trace and profile of the uncamouflaged elements of the
position serves largely to withhold from the enemy knowledge
of the detailed location and numbers of the garrison. See
FM 5--20.
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(2) It is possible to conceal trenches from ground observa-
fion to a large degree. Thus attacking infantry, although
knowing the general location of trenches by means of air-
plane observation, are confused as to their detailed location
and relative position and hampered in the attack. Fuil ad-
vantage should be taken of woods and brush. Freshly exca-
vated earth that contrasts strongly with the surroundings
should he covered with topsoil, sod, weeds, or brush. In gen-
eral, avoid sharp or regular crest lines along parapet and
parados; these lines should have the characteristics of sur-
rounding terrain, and dimensions shown in illustrations
should be modified as required to bring about this condition.
Depressions in the parapet serve as firing embrasures, and
the parados should be sufficlently high to prevent the heads

of the defenders of the trench from heing seen in silhouette
(see fig. 28),

d. Clearing field of fire—(1) To comply with the con-
dition that a field of fire of at least 100 yards is available
in front of each fire trench, a certain amount of clearing
may have to be done even in the most open country, Clear-
ing a reasonable field of fire will ordinarily precede digging
complete fire trenches or will at least be done concurrently
with such organized excavation. In areas organized for
close defense it is best to commence clearing work at the
trench and work forward. In delaying actions where fire
effect at long range is desired, any effort that can be directed
toward clearing should be employed on areas distant from
the trench. Before commencing any work the question of
just how much may be accomplished in the time available
should be determined since a fietd of fire only partially
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cleared may give more cover to an attacking enemy than it
did in its original condition. It is desirable to leave a thin
natural screen to hide the position. A thin line of small
trees or brush left standing may impede the enemy’s cbserva-
tion and at the same time not hinder fire of the defenders.

{2) Large scattered trees, if left standing, give less cover
to an attacker than if cut down and are sometimes useful as
range marks, Unless they can be entirely removed or con-
verted into dead abatis (see par, 43), only the lower branches
shouid be cut off. Thick brushwood left standing may some-
times serve as an obstacle but Infantry can usuaily pass with
ease ahy but the thickest growth of this kind. Therefore it
is imperative to clear such growth. It is rarely possible or
desirable to undertake the wholesale clearing of woods, and
the work usually is restricted to clearing undergrowth and
removing lower branches of the larger trees. Narrow lanes
running obliquely in front of a line to be defended may he
entirely cleared through woods and swept by automatic
weapon fire,

(3) The tools found useful in clearing woods are axes,
brush hooks, canthooks, hatchets, machetes, mattocks, and
crosscut and power-driven saws, In situations where ex-
tensive clearing is neceSsary those classes of the above tools
not, found in quantity in equipment of combat units should
he procured from the larger engineer supply establishments.
Large trees may be cut down by the use of explosives but
lack of large guantities of explosives for this purpose ordi-
narily makes it impracticable,

(4) The following table for an area of 100 square yards
will be found useful in estimating time required for a given
clearing.
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N . Man-hours
Description of area Method requited
Covered with brush under 6 inches in di- | Chopping or sawing trees 7

ameter and containing 25 trees 6 inches to and clearing brush.
2feet in diameter (heavy clearlng).

Covered with undergrowth and some trees | .o _.do. - o oo oo 3.5
not execeding 12 inches in diameter
{medium clearing}.

Covered only withsmall brush (light clear- | Clearing brush___.____.___ LB
ing).

(5} Walls should be demolished only when resulting
debris will not give more protection than the wall itself,
Sufficient gaps must be made in the wall in any case to give
the defenders a clear view. Walls may be knocked down by
use of a tree trunk or rail as & battering ram, or by use of
power Mmachinery or explosives if available and situation
permits their use,

(6> The same principles apply to buildings as to walls.
Low buildings may be knocked down. Larger buildings should
he burned and walls left standing, This will usually prevent
the upper stories from being used as observation posts and at
the same time will not provide piles of debris in which the
enemy may take shelter,

(7> Grain crops require somewhat the same treatment as
woods., If ripe and dry, they may of course be burned, In
the absence of mowing machines or in situations where such
machines cannot be used, lanes must be cut with scythes.

e. Standard traces.—(1) General—Standard trench traces
must conform to the requirements of b above. Of the fol-
lowihg standard types the one most suiteble to the tactical
situation and the terrain should be employed, special combi-
_ nations and modifications being made to meet requirements of
special conditions., I is understood that the gctual trace
will approXximate only the geometrical precision shown in
figure 29. " Note in figure 29 that the fire bay for the octagonal
trace trench is given as 16 paces or 40 feet. This is based on
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an 8-man squad with allowance of 5 feet per man, If a larger
squad such as one of 12 men is to occupy the trench, the fire
bay may be correspondingly increased to 24 paces or 60 feet.

(2) Octagonal—The octagonal trace is an excellent type
for fire trenches in most situations. It provides excellent
protection and localizes results of bursting shells.

(a) Advantages are that it—

1. Affords easy communication.

2, Facilitates oblique fire along the front.

3. Is an economical type to comstruet hoth as to labor
and material,

4. May be provided with a continuous fire step.

(b) Disadvantages are that it—

1. Lacks simplicity of detail.

2, May be identifted readily from the air as a fire
trench.

(3) Zigzag—This trace gives less protection from enfilads
fire and shell bursts, Effectiveness may be increased by em-
ployment of short tangents and by occupation of alternate
tanpgents., Advantages are that it—

(g} Is the simplest and easiest to trace, construct, revet,
and maintain of all types.

() May be adapted readily to terrain.

{(¢) Is equally suitable for use as a fire or communication
trench.

(d) May be provided with a continuous fire step.

(e) Provides for both frontal and flanking fire.

4) Wavy—Communication through this type is freer than
for any other type, and it is therefore specially adapted for
use for communication purposes. Advantages of the zigzag
trace largely apply to the wavy trace. Slightly more labor
and material are required for its construction than for the
zigzag.

(5) Echelon—The echelon trace is used for fire trenches
when ground must be gained either toward or away from
the enemy without subjecting the fire bays to enfilade fire,
It may also be regarded as a zigzag trace fronting obliquely
toward the enemy. It has advantages and disadvantages of
that type of trace.
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Figure 28.—Standard trench traces.
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(6) Modifications.—By modifying angles of the zigzag or
echelon into curves, those traces assume characteristics of a
wavy trace. Such a modified or wavy trace, with the intro-
duction of tangents at advantageous points, is a natural
development during hasty intrenchment.

f. Tracing—(1) General—(a) Method—Tracing trenches
should always be supervised by an officer. If possible they
should be traced with tape before arrival of digging parties.
It #s preferable to trace during the daytime, If enemy action
prevents daylight tracing, favorable times are twilight periods
at dusk or dawn. When a trench cannot be completely traced
during the day it is usually possible to go over the ground
during the daytime and locate controlling points with stakes,
stones, or nails to which pieces of paper or rags may be
fastened. This work should be done by an officer accom-
panied by qualified ncncommissioned officers who later will
be invaluable as guides for working parties. The salient
points of the trench should be located with respect to easily
recognizable Iandmarks, by azimuth and distance, If tape is
not available, the trace may be marked with wire, twine,
stakes, or stones, or the working party may be extended along
the line thereby indicating it. The last method is most diffi-
cult to put in execution in the vicinity of the ememy and
should be used only as the final resort. In ease this is at-
tempted it will usually he necessary to have noncommissioned
officers pass along the line pacing off the distances and ver-
ifying and correcting the position of each man,

(b) Conirolling lines—Parallels are traced along the edge
nearest the enemy and approaches along the right hand edge
when facing the enemy. Width of the trench is then meas-
ured from the frace line by means of a Egage stick, known
lengths of intrenching tools, or by pacing,

{c) Controlling dimensions-—Figure 29 shows dimensions
in feet and paces of the various standard traces. One pace
is taken as 2,5 feet. It is habitual to trace trenches by pacing
the various distances, greater refinement in making measure-
ments being unwarranted,

(d) General #rregularities—General changes in directiocn
should be introduced at intervals of from 75 to 125 paces as
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indicated by figure 30 in parallels that may be enfiladed by
observed enemy fire, and in approaches,

(e) Tracing party~-The tracing party consists of 1 officer,
1 noncommissioned officer, and 3 privates. It is equipped
with tracing tape, 6-inch nails or stakes, and hammers or
hatchets.

(2) Octagonal.—(a) The officer lays the tape along the
general trace line established by the front edges of the fire
bays.

(b) 'The noncommissioned officer accompanied by one pri-
vate follows the general trace established by the officer, roll-
ing up the tape as he goes. At the same time he paces off
distances alternately of 16 and 6 paces and indicates to the
private the ends of the fire bays., The private then drives
stakes at these points. The noncommissioned officer also indi-

Freure 30— General irregularities introduced in wavy and zigzag
traces.

cates to the private points where offsets are to be taken, The
private then paces 6 paces to the rear from these offset points
and drives a stake, thus marking the ends of the rear bay.
The noncommissioned officer makes minor adiustments as
required.

(¢) The two other privates stretch a tape along the line
thus established, making a round turn at each corner. They
provide additional stakes if reguired.

(3) Zigzag— (a) The officer lays the tape along the general
trace line which indicates general direction of the trench,
providing slack for the zigzags.

(b) The noncommissioned officer accompanied by one pri-
vate follows along the general trace pacing off distances of
16 paces and.indicating these points to the private. The
private takes an offsest of 6 paces to the rear at every other
point so indicated, and drives a stake. He drives a stake on
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the general trace at the other 16 pace points. 'The noncom-
missioned officer makes minor adjustments as required,

(c) The two other privates stretch the tape taut between
stakes, taking a round turn over each stake. They provide
additional stakes as required.

(4) Wavy—{(a) Duties of the officer and noncommissioned
officer are as indicated for zigzag in (3) above,

(b) One private drives a nail or stake at each corner lo-
cated by the nonecommissioned officer. The other two privates
drive stakes to convert the straight portions of the zigzap
into curves, and stretch the tape along the line of stakes thus
established. About five or six stakes are required between the
corner stakes located by the noncommissioned officer to pro-
vide the requisite sinuosity,

(5) Echelon—The echelon trench may be traced as a zig-
zag trench running obliquely to the front or the officer in
charge may. indicate the various corners, the detachment
then stretching the tape between them.

(6) Tracing without tape~—The same methods may be fol-
loewed when tracing without tape as when tracing with tape,
corners and intermediate points being marked by stakes or
stones.

(7 Varigtions—Other methods may be devised by an
officer tracing trenches either with or without tape. A rigid
conformity to forins and dimensions shown by figure 29 may
not always be desirable. FPull utilization of the defensive
value of terrain and of all terrain features that may serve
to conceal the trenches constructed, constantly observing
the general provisions given in b above is of much greater
importance. In case of a variation from standard dimensions,
the officer specifies to the noncommissioned officer the exact
Iength of fire bays, traverses, or diagonals he desires to use.

g. Standard profiles—(1) General—Trenches constructed
in the face of the enemy and under difficult conditions neces-
sarily vary in profile in order to meet those conditions.
Standard profiles are prescribed for use except where unusual
conditions reguire modification or do not admit complete
execution. The standard profiles shown should be used in all
instructton and training. They give a comparatively wide
trench. Experience teaches that the advantage of additional
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protection offered by a narrow trench is more than offset by
the freedom of circulation provided by the wider trench and
hy the fact that the wider trench is not easily blocked by
cave-ins. Officers and men should familiarize themselves with
these profiles so as to avoid confusion and loss of time in
constructing trenches under difficult conditions. It is under-
stood that the exact geometrical precistness shown in the
illustrations will never he attained in actual practice. Refer-
ence is made to figure 20 showing terms adopted for the vari-
ous parts of' a standard trench.. Standard profiles are shown
in figures 31 to 35. Development of a simple standing trench
into the A or B standard type is shown by figare 36. :
2) Simple standing trench (fig. 31) is unrevetted and pro-
vides no room for circulation in rear of the firing line, It is

r"-l-'G'

- ~NGE
Froure 31 —Standard profile, simple standing trench.

the first profile sought when trenches must be constructed
rapidly, but should be developed to type A in order to provide
better cover and communication as soon as time, labor, and
material permit,

(3) Type A (figs. 32 and 33) is unrevetted (except for para-
pet of fire trench and fire step) and therefore is the standard
for hard ground where excavated slopes will stand without
revetment. In soft ground this profile should he developed
to type B as soon as time, labor, and material permit. '

(4) Type B (figs. 34 and 35) is deeper and wider than type
A, with lower half of the trench revetted throughout with
A-frame supports and the upper half unrevetted. It has
wide berms and easy slopes 50 as to avoid blocking of the
trench by cave-ins under shell fire,
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(5) Figure 37 shows a wide communicution french (type C)
used in special cases for main thoroughfares in order to pro-
vide ample room for increased traffic, litter bearers, ete.

{6) The berms at top of A-frames (see figs. 34 and 35) may
be omitted at first if necessary to save time and labor, and the

FIcurE 32 —Standard proflle, fire trench, type A.

ground above sloped as shown by broken lines in the drawings.
These berms however should be constructed ag soon as oppor-
tunity affords in order to prevent the earth above from falling
into the bottom of the trench and blocking the drain,

_______ e
y Ground Line
K Il IF5egft Exc.
! o AT
R g TYPEA
-—- i For use without A Mhames

Alro shows development Yo 1) peD

Ficore $3.—Standard profile, communication trench, type A.

(7) The height of parapet adopted as a standard for fire
trenches should be varied to sitit conditions of terrain requir-
ing more command, or Where ground water or hard rock is
encountered making excavation of the trench to full depth
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Frcure 36— Simple standing trench showing development into
standard fire trench, types A and B.
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impossible. In such a case profile of the trench except for the
parados will remain the same, all parts of the trench bearing
the same relation to each other, although the distance of any
particular part above or below ground level will vary from the
distance shown in figures.

h. Intersections,—An approach trench should enter a par-
allel at the rear of a bay. If it continues beyond the parallel

PE

- Jroad communication trench

Freure 37.—Standard profile, wide communication trench, type C.
it should leave it at a point not less than 25 yards from
the point of entrance. Trace of the parallel between these

two points should be modified to provide easy communication
(see fig. 38). A better solution is to provide two independent

25 YDS. u/‘

[

FICURE 38.—Approach crossing paraliel, octagonal trace.

DIRECTIGN
GF ENEMY

crossings as shown in figure 39 in order that traffic may
not be blocked if one of these crossings is destroyed.

i. Intrenchment in presence of enemy—When deliberate
trench construction is subject to interference by enemy fire,
the work must necessarily take on some aspects of hasty
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intrenchment. The trench will frequently have to be traced
and dug at night. If it cannot be completed during a single
night it should be dug to sufficient depth during the first
night’s work io afford adequate shelter for day working
parties, Some work should be done all along the line and
sections at intervals should be completed. The day working
party extends these sections by sapping. As only one man
can work in a heading at onhe time, he should work as rapidly

44 Poces —————————

Ficure 39 —Approach crossing parallel, octagonal trace, alternate
method.

as possible and should be relieved freguently. FProgress may
be expedited by excavating in two stages, the first stage being
construction by sapping of a trench similar to the standing
slit trench (see fig. 25 @) and the second stage inyolving
completion to profile dimensions. Trenches may be advanced
by sapping methods from 1 to 4 linear feet per hour. When
combat is imminent in order that working parties may not
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be too fatigued to engage the enemy with effect, reliefs of
not mote than 4 hours should prevail.

i. Planning and reconnaissance.—(1) Deliberate intrench-
ments should always be carefully planned. Planning exten-
sive intrenchments presupposes prior determination of their
general location, extent, and mission. These points are
properly covered in orders issued from higher headquarters
of combat units to the officer responsible for construction
of the works.

(2) The officer directed to take charge of construction of
intrenchments is normally an engineer for extensive or
complicated trench systems out of contact with the enemy,
and an officer from the combat unit that is to do the work
for lesser undertakings. Upon receipt of orders to proceed
with the work he should visit and reconnoiter the site by day
if possible. He should take with him a party to assist in
tracing the works and later to serve as guides for working
parties, if required. Preliminary reconnaissance having been
completed, the intrenchments should be traced. When they
cannot be traced completely by da¥ it is frequently possible
to go over the ground and mark controlling points. Loca-
tions of these points and length and direction of major
lengths of the trenches to be constructed should be tied in to
‘landmarks by azimuths and distances.

(3) Data determined as a result of reconnaissance should
be—

(@) Sketch or overlay on an existing map or a position
sketch showing general location, length, and azimuth of the
principal straight stretches of the trench and relation of
controlling points along it to existing works.

() Decision as to profile to be used.

(c) Estimate of nature of soil and proper proportion of
tools.

(d) Estimate of total amount of material to be excavated.

(e) Estimate of time, men, tools, and materials required.

(f) Decision as to necessity for a covering force to protect
the laboring force.

k. Estimates of time, labor and tools—(1) If length
of the general trace of a trench line is known, actual length
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-of trench to be dug may be found by multiplying by the
appropriate coefficient, as follows:

Type of trace Coefficient
Qotagenal .o - 1.00
Algrag L - 107
B T . 11,08
S S S P -- 1.11

L This will vary considerably with the aciual trace.

(2) Table XIIT gives flgures for use in estimating time,
labor, and tools required for trench construction. It is appli-
cable to day work by inerperienced men using picheer fools.
The figures given represent the best performance that can be
anticipated from large groups of soldier labor.

TaeLe XIII—Day work, single relief, using pioneer lools*

Number cubie feet, of excavation per man in—
Boil
1hr. | 2hr. |3hr. [4hr. | 5hr. | 6hr. | 7hr, | 8hr.
Hard 2. __ 15 24 32 40 47 54 61 67
Average_____ e emmeeaes 23 37 49 60 71 g1 a1 100
Taghtd . a0 30 60 5 Y4 108 121 133

1 'This table contemplates a rest of 10 minutes every hour after the first hour.
2 A1l must be loosened with a pick. Requires 2 picks Lo 1 shovel.
3 Requires little or no picking. Requires 1 pick to 2 skovels,

(3) Estimates must be reduced from the totals indicated
by table XIII for night work, rain or other unfavorable
weather conditions, and annoyance by enemy fire, in the
discretion and based upon experience of the estimating offi-
cer. Night work is about fwo-thirds as effective as day
wark. Night work should be planned to take full advantage
of moonlight hours and duration and phase of the moon and
probable cloud and weather conditions should be considered
carefully when preparing estimates.
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(4) A 5-foot length of trench (measured along the front
edge of the trench) is a standard task for one man; the men
should be spaced so that they can work efficiently and safely.
In special cases when speed is eSsential and daylight work
is possible, mén may be spaced at 3.5-foot intervals. The
men then should work at right angles to the axis of the
trench as much as possible,

(5) If ample tools are available each man should be issued
a pick and shovel. Otherwise, picks or shovels should be
issued to men in the ratios indicated by table XIII, dependmg
on nature of the soil.

(6) Experienice teaches that soldier Iabor and unfrained
men in general become excessively tired after more than
4 hours’ continuous work, and their output thereafter dimin-
ishes very rapidly. Men may be worked in one or in two
or more reliefs. In the first case men Work continuousiy
with 10 minutes’ rest out of every hour. In the second case
there are two or more complete crews which relieve cach
other at intervals of several hours. A given piece of work
may be completed more guickly using two reliefs, but com=-
pared to a single relief is not economical in manpower. The
method of “doubled crews” may also be used. Here the men
work In pairs; one man wolks as hard as he can for 4 or 5
minutes and then is relieved by the alternate man of the
pair. The efficiency of a double crew is about 10 percent
more than for one relief in light soil for 1 hour’s work and
about 30 percent more in hard soil for 8 hours. When work-
ing without enemy interference, in a standing position engi-
neer tools are about 30 percent more efficient than infantry
{ools.

(7) With soldier labor, assignment of a definite task and
provision for relief of the working unit upon completion of
the task usually produce the best results. Under task
assignments the output for any given period of time usually
exceeds that indicated by table XIII. Tasks should be as-
signed by individuals, squads, blatoons, or companies, As-
signments should be such that each unit can return to camp
or quarters when its task is completed, Great care must be
exercised and the best experience available utilized in assign-
ing tasks; once established, they should not be altered unless
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found to be extremely unfair or entirely impracticable of
accomplishment. With soldier labor, one-relief task assign~
ments requiring approximately 4 hours for their completion
are recommended. Such a procedure results in a maximum
volume of eXcavation per man and permits employment of
two reliefs, for example, one in the forenoon and one in the
afternoon if work can be done during daylight hours.

(8) Experienced laborers using commercial tools which are
Jarger and heavier than the pioneer t00ls can exceed by from
-50 to 100 percent the quantities given in table XIII. Such
Iabor should be worked an 8- to 10-hour day. Trained labor
troops to e used continuously for pick and shovel work
should be supplied with commereial tools and worked on
an 8- to 10-hour daily schedule.

{9) While deliberate intrenchments ¢an be constructed with
the infantry tools carried on the pack, these tools are rela-
tively ineffective as compared with pioneer tools. The use
of infantry tools on deliberate works should be avoided if
possible, but they are normally employed in connection with
hasty intrenchments, )

(10) Table XIV gives time required for completion of
Type A and B trenches. It is computed from table XIIT.

TapLE XIV.—Hours required to commnlete 3%-foot and 5-foot
tasics; or if not completed, percentage finished in 8 hours
of day work, using pioneer tools .

Type A unrevetted Type B revetted

7 A - Fire and communj-
ire trench Commanication treneh eation trench
Nature of

0]

Ome rolief |Two reliefs § One relief | Two reliefs | One relief [Tworeliefs

5 |34]| 5 |84 5 314 5 Naf 5 |34 5
feet |feet |foct | feet |feet | feet | feet | fect | feet |dvet | feet | feet

Hard _.... 85% [60% b as |25 [ 7.0 75% | 4.0 [ 575 | 659 [45% [7.00 | 809
Average. | 5.75 |%0% 13.5| 5.0 [4.0 675|275} 4.0 |95% [65% |4.5 | 6.5
Light_ ... 3.9 06025135 |2745 |20 130 {6.00(85% (3.5 |50
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(11) When preparing estimates the following points should
be kept in mind:

() Do all work by daylight if possible,

(») When night work is required, do some excavation
along the entire length of the trench the first night: at least
complete section C, figure 36, which should require from 2
to 6 hours’ work for 5-foot tasks. Complete the type A
profile the first night if possible,

(e) In general, when using soldier labor, use the one-relief
task assignment system. The tasks should require approxi-
mately 4 hours for their completion and the standard 5-foot
assignments should be employed. Use two such reliefs with
task assignments when speed is essential and ptenty of mien
are available,

(d) Use the 3142-foot assignment only in case of emergency.

(e) Increase estimates for labor and tools by at least 5
percent to allow for contingencies.

() Request covering force, antimechanized, antiaircraft,
and gas warning personnel for protection of laboring force
when presence or activities of the enemy require it.

B 36. DRAINAGE—1. General—(1) Drainage of trenches is of
the utmost importance, Improper drainage not only may
have serious effects on health of the occupants but may
interfere so much with use of trenches as to contribute ma-
terially to the failure of military operations.

(2) The question of proper drainage must be considered
when siting trenches, during their construction, and also
during their occupation. A small amount of forethought may
later save a large amount of 1abor,

(3) Drainage plans should be prepared before construction
is commenced, If this has not been done they shouid be
prepared by the officer commanding the occupying troops
as soon as possible. Drainage plang should be prepared and
the work these plans call for completed during dry periods
g0 that the trenches may be of use during wet weather.

(4) Surface water must be excluded. It is much easier to
prevent its flow into the trench than to remove it once it
has gained access.
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(5 Water may be disposed of by—

(@) Drainage ditches that conduct the water by natural
flow into nearby drainage lines.

(b) Sumps that either penetrate permeable soil and dis-
pose of the water by percolation or collect the water for
disposition by pumping, siphoning, or bailing. Combination
of sump for collecting the water over a drill hole penetrating
permeable soil, and disposing of same by percolation through
the drill hole.

{6) Sumps should never be installed when the water can be
disposed of by drainage difches of reasonabie length.

(7Y A moderate slope of 1 percent, that is, 1 foot in 100
feet or 0°35’, is desirable. If the slope is excessive, damage
by erosion may result.

(8) The eye cannot be relied upon to determine differences
of level in connection with drainage, A carefully adjusted
clinometer, spirit level, or in important cases, a surveyor's
level should be used.

(9) Presence or absence of underground water when in
doubt should be determined by digging test pits before
starting construction of extensive field works. In some lo-
‘calities it is 50 abundant or so close to the surface as to
require use of high parapets or breastworks instead of
trenches. Except in such localities ground water is unlikely
to interfere with the works discussed in this section. With
respect to construction of deep cave shelters, however, the
subject is more important.

b. Sites—(1) Trenches should not be located in marshy
or boggy ground unless it is absolutely unavoidable.

(2) Communication trenches should not be located in the
bottom of valleys or gullies but should be placed along the
side siopes, ’

(3) Special care must be taken to site trenches so that
all parts can be easily drained toward naturally low points
in the line, avoiding any unnecessary sag which will be
difficult to drain later (see fig. 40).

(4) Never site a trench exactly along a contour, but give
it enough slope to carry the water in the desired direction
as shown in figure 40.
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c. Construction.—(1) Plan for drainage from the begin-
ning. First, start the drainage ditch or sump, always keep-
ing progress of its excavation in advance of that of the
trenches draiping into it.

p

TE}nch Line

FIGURE 40.—Siting trenches to eliminate low spots.

(2) Complete excavation progressively upgrade when prac-
ticable s0 as to avoid formation of undrained pockets in the
bottom of a partially completed trench.

(3) Gutters or intercepting ditches should be provided
on the uphill side of trenches for collecting surface water
and conducting it to a natural watercourse. The parados

Froure 41.—Surface water carried over trench.

sometimes may be made to serve this purpose. If necessary,
these surface ditches are carried over or under the trenches
(see figs. 41 and 42).

d. Maintenance of system.—(1) Maintenance of the drain-
age system is the duty of the troops occupying the sector.
Responsibility for miaintenance of drainage of all trenches
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within a given area devolves upon the commander of that
area. This responsibility includes communication trenches,
the drainage of which is as importani as that of occupied
trenches and is more apt to be neglected.

(2) In a sector which is {o be occupied for sometime, a small
force should be detailed to inspect and maintain the drain-
age system, It should be charged with keeping all drains
and sumps clear, including the intercepting ditches for
surface drainage,

(3) - All-caving. surfaces must be repaired, and earth thrown
into trenches by shell explosions must be removed at once.
Constant attention to this matter will save a large amount
of labor later, as water backing up in a trench will cause
additional caving.

Jh

0 /AV/AV/A\Y/?\%

FiGURE 42 —Surface water carried under trench,

(4) In level country sign boards marked prai¥ and bear-
ing an arrow showing direction of flow should be placed at
appropriate points in trenches in order that this direction
may be known when cleaning out ditches.

(5) An excellent way to determine measures necessary for
maintenance of the drainage system is to inspect it during
or immediately after a rain,

e. Flooring—(1) Trench boards (fig. 43) when available
should be placed in the bottom of all trenches, except on
rock. In firm ground they may be laid without special
supports, or merely with the ends supported on short boards
laid transversely across the bottom of the trench. In soft
ground they should always be supported on trestles tfig. 44)
or on the A-frames used for revetting (see figs. 47 and 48).
Trench boards are lightly fastened down as they must not
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be continually getting out of position on the one hand, and
must not be too difficult fo raise when cleaning out drains
on the other,

Outer edge of baard
&t 4 rrorr Lod

Freunk 43.—Trench board.

(2) Serviceable trench flooring may' be improvised from
planks or boards of usual dimensions or from trunks of

smal] trees.
e i
2-34'

2 R4 I ’

Ficure 44.—Trench board trestle,

LO%

(3) In rock or very hard ground where trench boards are
not required, the botfom of the trench should as far as prac-
ticable be crowned as shown in figure 45. Undercutting of

Firsure 45—Trench without flooring.

the side slopes in order to secure space for side ditches should
never be permitted.

f. Sumps—Sumps should if possible reach poroug strata.
Their efficiency for disposal of water by percolation can
sometimes be greatly increased by drilling a hole and shooting
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a small charge of explosive some distahce below the bottom
to loosen up the ground. They can be lacated underneath
the trench hoards or in an offset.

g. Pumping and bailing—(1) Pumps are sometimes neces-
sary for removing water from sumps. Classes of pumps fur-
nished complete with suction and discharge hose usually
available are—

(g} Hand-force, to be operated inside the trench hy one
or two men.

by Hangd-suction, to be operated autside the trench hy
one or two men; limit of suction approximately 16 feet.

(¢} Gasoline-driven force, for use in special cases; limit
of suction approximately 20 feet,

(2) Bailing scoops or galvanized iron buckets may be used
for bailing out sumps.

W 37. REVEIMENTS.—a. General—(1) A revetment is a re-
taining wall or facing for maintaining earth slopes at a
steeper angle than their natural angle of repose.

(2} Revetments may be classified as—

(@) Retaining wall type, which is self-supporting and acts
on the gravily principle for retaining walls. It is largely
used in connection with fills, parapets, and breastworks.

(b) Surface or superficiel type, whici must be supported
and acts largely by protecting revetted surface from disinte-
grating and erosive effects of weather and from abrasion due
to occupation of trench. When strongly constructed it may
also serve to retain loose materials and prevent settlement. It
is used principally in cuts.

(3) A good revetment must possess—

(a) Simplicity of detail,

(b) Adaptabhility to available materials,

(¢} Ease of fabrication and erection.

(d) Low fragmentation under shell fire,

(e) Ease of removal from obstructed trenches.

(4) In general, revetments should he constructed only
when obviously reguired and should not be more extensive
than necessary. They require a great deal of labor and
material and should therefore be avoided if possible. On the
other hand, during long ﬂccupatmn of trenches and when
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time, labor, and materials are available, extensive revetments
make the garrison more comfortable and reduce maintenance.

(5) If sides of the excavation are carefully sloped the
amount of revetment required is greatly reduced. Unevenness
causes rain to lodge in or erode the surface, to soak into the
earth, and results in rapid disintegration of the slope. The
steeper ‘the slopes of a trench the greater is the need for
revetment to prevent them from caving.

(6)  The interior slope of the parapet of fire trenches (not
the entire front slope) is always revetted. In addition, only
the lower 2 or 3 feet of a trench usually require revetment.
Por standard profiles as shown in figures 32, 34, and 335, this
involves revetment to the level of the fire step or lower herm.
Such revetment supports portions of the trench subject to
the most wear, preserves dralnage, is seldom injured by the
enemy’s firg, and preserves the profile of the bottom of the
trench for clearing after a cave-in.

b. Relaining wall types—As these revetments must be self-
supporting they should always take the form of a properly
built retaining wall. The thickness at any level showld he
at least one~half the remaining height and the average thick-
ness not less than one-third of the -total height. Amount of
excavation required for retaining wall types is considerably
greater than for surface types.

(1) Sandbag.—This type is easily and quickly constructed,
does not splinter fromn shelling, and is especially useful for
emergency work, for repairs, crowning, and revetting the
interior slopes of parapets.

(@) The standard sandbag is 14 by 2614 inches flat, with
an attached tie string 3 inches from the top of the bag,
When filled three-fourths full, each bag weighs from 45 to
75 pounds depending upon material and whether it is wet or
dry, averaging approXimately 65 pounds, and fills a space
approximately 43 by 10 by 19 inches, Thus 10 linear feet
of parapet revetment for type A fire trench, as shown in
figure 32, requires 24 sandbags, and 10 linear feet of revet-
ment for front slope and parapet of Type B fire trench, as
shown in figure 46, requires 132 sandbags.
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(b) When laying sandbags attention should be paid {o the
following points:

1. Fill hags uniformly about three-fourths full.

2, Build revetment at slope of from 3 onl1tod4on 1,

3. Lay bags perpendicular to slope.

4. Lay bottom row headers on prepared bed. Alter-
nate intermediate rows as stretchers and headers
and complete with a top row of headers.

5. Lay bags with seams and choked ends inward.

73

PiGuRe 46.—8andbag revetment,

6. Break joints, Beat bags into a rectangular shape
with the back of a shovel and tuck corners of
bags in when placing, .

7. A sandbag revetment will last much longer if wire
netting, preferably doubled, is placed over the face.
(2) Sod is more durable than sandbag revetment, and
its use is recommended where sods can be obtained In suffi-
cient quantity. Sods are cut 18 by 9 inches, lald grass down
except the top layer, and pinned together with wooden pegs.

The provisions given above for sandbag revetment apply.
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(3) Stones and bricks may be used for revetment in the
form of retaining walls laid dry, in which case a slope of
not steeper than 4 on 1, laid at right angles to the face, and
broken joints are especially important. Due to danger from
fiving splinters in case a stone revetment is hit by a shell, its
use is not recommended where other maiterial is available.
If used in a parapet it should always be crowned with earth-
filled sandbags.

¢c. Surface types-—(1) General—This form of revetment
consists of two parts, the revetting material which retains

!
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Froure 47~—Standard A-frame.

the earth, and the supports which hold the revetting ma-
terial in place, It is most useful in retaining slopes of
trenches since Uttle additional excavation is needed.

(2) Supports may be standard A-frames, pickets, or struts.

(@) A-frames—Standard A-frames are used in the bot-
tom third of the trench, placed 3 feet center to center and
support material described above (see flgs. 47 and 48).
Methods of placing these frames around corners in octagonal
trenches are shown in figure 49.

95



37 ENGINEER FIELD MANUAL
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Frgure 48.—Special A-frame for use in communication trench.
type C.
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FIGURE 49 -—Placing A-frames,
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An estimate sufficiently accurate for all practical pur-
poses of the number of A-frames and trench hoards reguired
for any given frontage of trench may be made as follows:

1, A-frames.
Octagonal trace=
[frontage (in yards) 410 percent (to convert frontage to
length of trench) +10 percent (to provide for angles in
trenchj]
Zigeayg, wavy, and echelon fraces=
frontage (in yards) --10 percent
2. Trench boards.
Single walkway—
Number A-frames
2

Double walkway=—
Number A-frames.
Thus a frontage of 1,000 yards of octagonal fire trench type
B, using standard A-frames and single walkway requires:
A-frames = [1,0004+1001410 percent = 1,100-+-110 =
1,210.

Trench boards= l'i,lo‘=505-

Por the same frontage of wavy, communication trench, type
C (wide communication trench), using special A-frames and
double walkway:

A-frames=1,000+100=1,100.
Trench boards=1,100.

(b) Pickets—If A-frames are not available and the soil
permits, the revetment may be supported by means of pickets
driven into the bottom of the trench and braced, as shown in
figure 50. Anchored pickets are used when revetiing front
slopes of fire trenches (fig. 51), or in other special cases where
high revetment is required. Revetting pickets should be from
2 to 3% inches in diameter, straight, pointed at the small end,
and driven into the ground from 1 to 115 feet. Light angle-
iron pickets may also be used. Lateral spacing of pickets
varies with soil and character of working materials, For
example, burlapped chicken wire requires more closely spaced
supports than sheets of corrugated iron. Similarly, sand
requires more support than firm clay. Spacing may vary
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Fireore 51.~—Method of wiring and ahchoring reveiment.
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from 1% to 6 feet. Anchor pickets should be driven firmly
into solid ground 8 to 10 feet from the edge of the trench,
staggered so as to avoid forming a plane of weakness parallel
to the trench, and inclined so as to be perpendicular to direc-
tion of pull on the anchor wire. Anchor wires, preferably No.
14 American wire gage, should pass at least four or five times
between picket and stake. Each strand should take a round
turn around the head of the anchor picket and then the
strands should be twisted together with a short stick to tighten
them.

(¢) Struts resting against opposite walls of a trench are for
use only in narrow, deep trenches in which there is little cir-
culation as in shell slits for protection against shell fire as
shown in figure 26. )

(3) Revelting malerials may consist of expanded metal,
wire netting (chicken wire), corrugated iron sheets, brush-
wood hurdles, burlap, canvas, poles, brush, or lumber, or com-~
binations of these materials, depending on the materials
available and nature of the soil.

(¢} Ezxpanded metol end wire netling are used most effec~
tively either alone or in combination with burlap, canvas, or
similar materials. The burlap checks evaporation and pre-
vents disintegration and erosion, and the metal or netting
supports the burlap, If burlap or similar material is not avail-
able, grass, leaves, twigs, etc., may he substituted with good
results. In placing expanded metal or wire netting revetment
¢fig, 52) the following operations are necessary:

Cut vertical grooves for the anchor pickets throughout
length of bay at spacing decided upon.

Drive the two end pickets of each bay first and anchor
them back loosely.

Stretch the metal or a double thickness of netting behind
the two end pickets, holding it faut until these pickeis are
pulled into-their grooves by tightening the anchor wires.

Drive remaining pickets and anchor them back, thus draw-
ing revetting material tight against surface to be revetted.

(b} A continuous brush revetment of the superficial type
may be constructed by driving pickets from 214 to 3 inches in
diameter at about 1-pace intervals along the face of surface
to be revetted and about 4 inches from it. Tops of pickets

99



37 ENGINEER FIELD MANUAL

shouid project above the ground. The space behind the pickets
is then packed with small straight brush laid parallel to the
surface and heid in place by the pickets which are drawn back
firmly by means of wire and anchor plckets.

d. Brush work——(1) In practically all wars brush has
been used extensively in revetment and improvement of
earthworks. While its value in modern warfare is not aiways
commensurate With labor and skill involved in its use, its
flexible utility and ready availability in forested areas will still
result in its extenslve use in the future. At times it may be
the only material available. It may be used as continuous
revetment already described, or as hurdles, gabions, fascines
as described below; or any combination of these.

FIGURE 52 —Constructing wire mesh revetment.

(2) Almost any kind of brush reasonably straighi, tough,
flexible, and free from refractory branches, dangerous thorns,
or other objectionable characteristics is suitable, but willow,
birch, ash, hickory, hazel, and similar woods are desirable.
Split bamhboo of pliable dimensions, reeds, and vines are also
valuable. Prush for weaving should not be more than an
inch in diameter at the butt. ‘That to be used without
weavinlg may be of larger size, When cut, brush should be
assorted in sizes for the various uses and made up in -bundles
weighing 40 to 60 pounds, the butts in one direction, Poles
of 2% inches diameter at the butt or larger end are not
bundled but are piled togethier. They are used for posts,
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pickets, struts, binders, grillage, and similar purposes. It is
frequently best to fabricate hurdles, gabions, or fascines at
the point where the brush is cut, later transporting finished
brush work to the point of use.

(3) A brushwood hurdle is a woven revetment unit, usually
6 feet long and of the required height (see fig. 53). It is
constructed on sharpened pickets which are driven 18 inches
into the ground and then moved to location in the trench.

PLAIN WIRE WITH

" A TURN AROUND
PICKETS ABOUT 2" DIA, EACH PICKET

AIN WIR AND TWISTED
PLAIN E SEWN IN UNTIL TIGHT

e > S k)
—-.--'-'L“E—-'.'—."ai
T Py . W

-

afus»woon %" 10 1" DIA, BUTTS ALTERNATING
TIME TO CONSTRUCT UNIT SHOWN % MAN HOURS
FicurReE 53.—Brush hurdle.

(4) A gabion (fig. 54) Is a cylindrical basket with open
ends made of brush woven on pickets.

(5) (a) A fascine (fig. 55) is a cylindrical bundle of brush
closely bound. The usual length is 18 feet and the diameter
9 inches when compressed. Lenhgths of 9, 6, and 3 feet when
needed are conveniently obtained by sawing a standard
fascine into pieces.

(b) When g large numper of fascines is required and brush
is plentiful at one point, a portable frame as shown in figure
66 may be constructed.
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(6) Hurdles make an excellent surface revetment and are
used extensively for that purpose. Gabionsg are used prin-
cipally in the construction of parapets and breastworks in wet
ground (fig. 58) and to a limited extent in repair of caved-in
trenches. Fascines may be used to advantage at the back
edge of the firing step, that is, at the top of the surface revet~
ment of the lower third of a standard profile. They stand
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Fieure 54.—Brush gabion.

wear much hetter than sandbags. Fascines may also be used
in connection with footings for gabions and as a crown for
gabion, hurdle, or other types of revetment. Figure 57 shows
a gabion and fascine breastwork topped with sandbags.

e. Revetting materials carried in engineer supnly establish-
ments.—Sandbags, corrugated iron, expanded metal, metal
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lath, wire netiing (chicken wire), pickets (including light
angle-iron pickets), and binding wire are normally carried
in the engineer sections of army depots, corps parks, divi-
sion dumps, and division distributing points,

B 38. Breastworks.—If need for additional command or
presence of water, rock, or very hard materigl makes con-
struction of standard trenches impracticable, breastworks
must be constructed. Profile of the breastworks should ap-

FASCINE COMPRESSOR
TIME TO GONSTRUCT
ONE FASCINE -

FOUR MAN-HOURS

. N
Frcure 53 —Brush fascine and cradle for fabrication.

proximate the standard trench profile as nearly as possible.
A parados should be constructed to protect against the back
hlast and fragments from shells. In some cases the entire
protection above the fire step may be constructed in full
and be revetted as shown in figure 58. Angles are provided
as In standard trenches. Careful provision for drainage in
wet goil may greatly reduce the height of the breastworks
and consequently the labor required for their construction.
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F1eure 56 —Portable frame for compressing fascines.
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M 39. AccessoriEs.—q. General—Any special work or facility
designed to increase usefulness of an intrenched position or
to provide for the safety, comfort, health, or convenience of
the garrison is called a trench accessory. Continued occupa-
tion of a trench system results in a great demand for and
rapid multiplication of such accessories. Types of frequently

Ficure 57.—Cabion and fascine breastwork topped with sandbags,

constructed accessories are described below. Trench acces-
Sories are ordinarily built by the troops occupying a position.

b. Observation posts——(1) Observation posts vary widely
from very simple ones in open warfare to rather elaborate
structures in position warfare. In any defensive position
they also vary in simplicity, depending on their logation with
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respect to the enemy. They may be located well forward for
surveillanee of a limjted portion of the enemy’s position or
well to the rear where a considerable area may be kept under
chservation.

(2) The first requisite of a good observation post is a
clear view of the area or position it is desirable to keep
under observation. Immunity from enemy fire is the next
consideration. This may be secured by concealment which
is always of paramount importance. If time and material
are available it may be desirable to secure additional im-
munity by providing cover so that personnel may occupy
the post in safety durihg a general bombardment. Impor-
tance of nullifying the defenders’ observation is so great
that the attacker will use every means to aftain this end.
If an observation post is discovered it is almost sure to be
shelled prior to an attack. Unless it affords sufficient cover
to withstand such a shelling its usefulness ceases. Inasmuch
as it will not often be practicable to provide such cover,
importance of concealment beecmes still more evident.

(3) In the first stages of a defense, cbservation posts will
generally be located in existing structures or terrain features
where concealment and as much protection as possible may
be secured. Thereafter as time is available for such work,
such locations may be strengthened and shelter built to
increase the comfort and security of the personnel occupying
the post. Suitable means of signal communication between
ohservation posts and command posts must be arranged. As
complete stabilization takes place, special structures for use
as observation posts may be erected. These are of two general
classes, periscope and direct view, some of which are described
below.

(@) Periscopes may he disguised as trees, stumps, telephone
posts, ete. For small trench periscopes advantage is taken
of any natural object such as a stump or broken stick pro-
jecting from the parapet to provide concealment. Peristopes
should be installed at night and all precautions must be taken
to prevent the enemy suspecting their existetice. Serviceable
periscopes may be improvised when necessary by using two
mitrors and pieces of light box material.
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() Small direct view obhservation posts may be located
either in the trenches themselves or in saps leading from
them., There are two general types, cabin and portable.
A cabin observation post is shown in fisure 59.
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FicURE 59.—Cabin type observation post.

(¢) Portable observation posts may be either armored or
unarmored. Figures 60 and 61 show two bullet- and splinter-
proof types. Unarmored types may be readily improvised
from various kinds of material. 'They are frequently made
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to be set into the parapet of a trench. Affording no protec-
tion, they must be entirely inconspicuous.

(4) Observation posts are freguently located to give an
oblique view to the front which makes it more difficult for
an enemy observer directly opposite to Iocate them. Usual
reasons for discovery of a post of this kind are either trails
to it ar presence of a number of men in its immediate vi-

O {Stect Prate

Xy
FIGuRE 60—Portable armored observation post.

cinity. It may be advisable to camouflage the entrance to a
parapet observation post so that the observer will not be
caught by raiding parties and will have a greater feeling of
security and therefore function more efficiently.

(b) In addition to these forward observation posts, very
elaborate posts to the rear are sometimes employed in suit-

Frgore G1.—Roll-top steel observation post.

able terrain. They are located so that they command an ex-
tensive view of the ehemy's position and are usually far
enough to the rear to be safe from minor attacks. They are
provided with excellent observing instruments and have tele-
phonic connection with the higher headgquarters. Such em-
placements are built very solidly, often in the manner of con-
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crete machine-gun emplacements (see par. 48¢ (4)), Care
should be taken to prevent their location becoming known
to the enemy. .

¢. Command posts—(1) In a hasty position a command
post may consist merely of a trench to contain personnel if
shell holes, natural protection, or huildings are not available
(see pars. 48d (9) and 64).

(2) A simple trench may be made splinterproof for use
as a command post by covering it with a layer of logs and
at least 1 foot of earth as shown in figure 62.

(3) The trench itself is not of sufficient size for continued
occupancy as a command post and in order to facilitate
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Ficurg 62.—Splinterproof trench for command post.

movement at the command post splinterproof compartments
may be constructed in the side of the trench (see fig. 63).

d. Sniper’s posts.—(1) Sniper’s posts are located and used
by specially detailed men. The posts should he marked
plainly and all persons except snipers forbidden to use them.
As a rule they are located within 400 yards of the enemy.

(2) Requirements of a sniper’s post are—

(@) Concealment from enemy observation.

(b} Good view and field of fire over a designated section
of the enemy lines. '

(¢} Two loopholes are desirable but not essential, one
for the rifleman and one for an observer.
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Fioure 63.-—Splinterproof command post with compartments
constructed in side of trench.
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Ficure 64.—Sniper's post.
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{(d) Curtain bhehind each loophole and a stopper or ‘“gag”
to be pushed into each loophole from the inside.

(3) Figure 64 shows a portable sniper's post which can be
shifted readily from onse location to another in 2 night,

e. Ammunition and grenade boxes—Boxes let into the
trench walls to contain reserve ammunition and grenades
are desirable in fire trenches and machine-gun emplace-
ments. Boxes should- be placed in the front wall of the
trench or beside the loader of an automatic weapon, and
to avoid interference with use of the trench should Ye
flush with the surface of the ground. They should be
covered with roofing paper to make them watertight and
should be provided with gasproof curtains.

f. Signs-—(1) Direction signs are as necessary in compli-
cated trench systems eommon to stabilized situations as
road signs in unfamiliar country. The engineers are charged
with naming trenches and preparing and posting signs. A
good system is to name works, sectors, and their subdivisions
with the names of cities in the United States and have the
position of these elements bear the same general relation
to each other as these cities do.

(2) Main parallels and main approaches should bear the
same names throughout thelr length, and approaches should
be designated as IN or our trenches.

(3) A good size for signs is 24 by 12 inches. 'The letters
should be large and heavy enough to be read at a distance,
A white background with black letters is most effective,

(4) For mnight use luminous paint should be employed
when available, Lighting trench signs is usually imprac-
ticable.

(5) Beacons and red lanterns shielded from enemy ob-
servation may be used on roads or main routes of approach,
but generally cannot be used in the forward areas.

g. Lairines.—(1) Latrines should be located in offsets from
trenches, usually not more than 50 yards away from and
in a place convenient of access for the men who will use
them. They should not be located in dugouts, except in
very large ones where special provision is made for ventila-
tion. They should not be located near points which are
likely to draw fire,

112



FIELD FORTIFICATIONS 39

(2) Accommodation both in latrine and urinal facilities
should be provided for at least 4 percent of the command.
If a trenich system is to be occupied & considerable time,

facilities should be provided for at least 8 percent of the
command.
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FIcuRe 65—Deep latrine, straddle type.

(3) Types.—(a) Bucket.—Any type of bucket or can pro-
vided with a seat ahd cover may pbe used. The buckets are
placed in an excavation from which they ean be removed
easily, and a routine arrangernent made for emptying them.
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This system is used only where deep latrines cannot be
constructed.

() Deep—The straddle (fig. 65) and the bozseat (fig.
66) are the usual types. Pits should be dug 6 to 8 feet deep
and when filled to within 2 feet of the top should be com-
pletely filled with earth and a new latrine dug.
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(4) Urine troughs or tubs should be provided in every
latrine: troughs may be made €asily of standard corrugated-
iron sheets.

h. Ladders and steps—(1) Ladders—(g) Ladders form
the most satisfactory means of exit from trenches for the
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purpose of attack. Permanent ladders 5 feet long and in
sufficient numbers for patrols are ordinarily fixed to the front
wall of a trench,

(b) In preparation for attack a large number of loose
ladders should be placed in the parallels of departure. When
the attack is about to start these may be supplemented by
taking up trench boards and using them as ladders after
knocking off alternate crosspieces.

(2) Steps—To permit trevel over surface of the ground
at night, ladders, steps, or ramps should be provided along
the communication trenches throughout the position. Steps

ELEVATION
() Ladder. (@ Steps.

Ficure 67.—8ortie ladder and steps.

may be cut into the earth and revetted. Figure 67 shows
simpie types of sortie ladders and steps.

i. Telephone lines.—(1) Erection, maintenance, and repair
of telephone lines other than organizational wire are duties
of the Signal Corps. In tremches the two methods of install-
ing wire generally used are—

(@) Wire trenches constructed for this purpose.

(y) Installation in regular fire and communication
trenches.
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(2) Wire trenches vary in size from 10 inches wide by 10
inches deep to 26 inches wide by 30 inches deep, a usual
size being 18 inches wide at the bottom and 30 inches deep.
These trenches for stringing field telephone wire are left
open. They offer considerable protectlon from shell fire
and render WwWires easily accessible for repair. They have
the disadvantage of offering an obstacle to friendly traffic
and are easily visible to the enemy. The field wire may
be fastened to cross arms on short poles or the eross arms
may rest against or project into sides of the trench without
poles. Instead of using cross arms the wire may be fastened
to the sides of vertical poles. Field wire may be fastened
directly to these supports with wire or marline hut it is
preferable to use insulators.

(3} When it is impracticable to construct wire trenches,
fleld wire may be installted in fire or communication trenches.
Ordinarily wire should be kept on the side of the french
nearest the enemy and from 10 to 30 inches from the
hottom of the trench. The field wire may he fastened to the
side of a trench by—

(o) Stiff wire staples about 12 inches long driven into side
of trench,

(b) Insulators mounted on boards which are fastened to
sides of trench by rods or staples,

* (¢ Insulators on wooden stakes driven into side of trench.

(d) Insulators on posts driven into bottom of trench close
to the side.

(¢) Attaching wire to revetment posts either directly or on
insulators.

(4) Lead covered cables are laid along the bottom of
specially dug trenches and the trench filled in. Such trenches
about 8 feet deep effectively protect against most shell fire
but involve a great deal of labor, lead covered cables may
also be laid in communication trenches from 2 to 3 feet below
the bottom of the trench. As a temporary measure cables
may be sirung along sides of trenches,
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SecTION VI
OBSTACLES

B 40. CLASIFICATION.—-a. Obstacles are natural or artificial.

(1) Examples of natural obstacles are mountain ranges,
streams, lakes, swamps, thick underbrush, and tropical jungle.

(2) Artificial obstacles are either—

(a) Fired, examples being high, double-apron, and low wire
entanglements, abatis, and inundations or

(b) Portable, examples being concertinas, chevaux-de-frise,
and gooseberries.

b. From the tactical viewpoint obstacles are either tactical
or protective.

(1) Teactical obstacles may be either natural or artificial,
and are required to break up the enemy’s attack formation
and hold him in areas which are covered by intense defensive
fires, particularly of automatic weapons. For this reason their
location is usually determined by tlie defensive fires, especially
the final protective line of machine guns, ’

(2) Protective obstacles are usually artificial and prevent
the enemy from delivering a surprise assault from areas close
to a position. They must be near enough for adequate sur-
veillance by day or night and far enough away to prevent
the enemy from lying beyond the obstacle and bombing the
position with hand grenades, Thus they should be between
30 and 100 yards from the trenches. Skillful location may
permit an obstacle to serve both tactical and protective
missions.

¢. Obstacles may also be classified with respect to what they
are expected to stop, as against foot troops, horse cavairy, and
track-laying and whéeled vehicles. Obstacles against track
and wheeled vehicles are covered in FM 5-30. This section
deals principally with obstacles against foot troops and horse
cavalry.

B 41. Basts oF LocATiON, DEsicN, AND CONSTRUCTION.—{.
Cover throughout by fire of the defense.

b. Protective obstacles under observation at all times.

¢. Deny enemy ground which might offer him shelter.

d. Concealed by taking advantage of natural irregularities
of ground and natural growth,
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e. Provide for all around protection. -

f. Avoid regular, geometric lay-out that discloses location
of position and its elements.

¢. Use belts from 4 to 10 yards wide separated by intervals
of from 15 to 40 yards.

k. Barbed wire entanglements are the most nearly ideal
of the artificial obstacles,

W 42, BarrEp WIRE—¢. Materials—(1) Barbed wire is obtain-
able in various styles. The standard is the familiar two-wire
type of No. 12, A. S, & W. gage wire with four-point harhs,
spaced approximately 4 inches apart. The length on a com-
mercial reel as shipped from the factory is ahout 420 yards,
and the weight of a full reel about 100 pounds plus weight of
the reel, about 5 pounds. Reels of about one-half the fore-
going size are also obtainable, and are desirable. Hand bob-
bins are usually made up at the rear from the large size
reels, contain 30 yards of wire, and weigh from 8 to 9 pounds
eath. Theyare always used when constructing entanglements.

(2) To make bobbins, secure 1-inch round or square sticks
approximately 2% feet long. When necessary round off the
ends to facilitate handling. It is desirable to drive eight-
penny or tenpenny nails through the stick about 8 inches
from each end. This type of bobbin stick and an alternative
type, which takes more time and material to make but is
easier {0 handle, are shown in figure 68. Improvise trestles,
pass a pick handle, piece of pipe, or other suitable article
through the reel, and place in the trestle so that the wire may
be unreeied from the bhottom (see fig. 68). Two men work at
making bobbins, cne at the bebbin and one at the reel, alter-
nating duties from time to time. The bobbin man fastens
the end of the wire to cne of the nails in a bebbin stick and
draws the wire cut over a measured distance of 30 yards. The
man at the reel controls movement of the reel by hand or by
braking with a stick. The bobbin man grasps the stick at the
center with both hands and keeps his hands in this position
while making the bobbin. Maintaining a constant strain on
the wire, he moves toward the reel at the same time winding
the wire on the hobhin by overhand movements so that the
wire is passed alternately over and around first one end of
the stick, then the other, coming to rest on the nails as shown
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in figure 68. When the 30-yard length of wire, about 45 turns
on the bobbin, has been wound the wire is cut and the free
end marked with white rag or tape and secured. The result

— i-14 ROUND OR SQUARE \

A GROSSPIECES NAILED OR wumzo\ \X
R e s
&; / | L}

}, o-g'slf] 122" ROUND OR SQUARE W g-g"
T Can
- 40-46

Froure 68 —Making bobbins,

is a compact bobbin of light weight. One man can easily carry
four such hobbins, two in each hand, or six on a stick on his
shoulder.
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(3) Wooden pickeis are cut in nearby woods or are shipped
from the rear. They should range in diameter from 2% to
4 inches, and should be cut 5 feet long for the high entangle-
ment and 2 feet 6 inches for the low type. Pickets split from
a log by quartering shouid be avoided as they increase mate-

rially the visibility of an entanglement.

2
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Fireure 70.—Angle-iron pickets.

(4) Figure 69 illustrates standard types of screw pickets,
the helix permitting them to be screwed noiselessly into the

ground.

{5) Pigure 70 shows standard types of angle-iron pickets.
(6) Table of wire entanglement materials.—The following
table gives data relative to standard entanglement materials:

T3BLE XV
. Nutmber | grejey
Materfal Weight | Tenmgth | 005 o%;%.nt
1 man
Wooden picket: Poynds Fi. In. Pounds
Long, 3- to 4-inch dlameter___._ 12-16 5 0 3 36-48
Short, 2- to 3-inch diameter.___ 4-8 2 6 8 3248
Screw picket:
Long e 9 410 4 36
Mediom ..o 6 28 6 36
Anchor ... 4 I 9 8 32
Angle iren:
Tomg_ . ___. IO 10 6 0 4 40
Short _ el I 6 3 8 6 36
Full reel wire, 420 yards, approxi-
MIALC e e e 105 1, 260 14 L 52,5
Bobbin, 0 yards. ... ... §-9 90 4~ 32-54

1 Full-sized reels are carried by two wen upon thelr shoulders by means of o picket

passed through the hole in the reel.
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42 ENGINEER FIELD MANUAL

b. Types of entanglemenis —The following obstacles may
be considered standard and methods for their construction
are outlined;

(1) High wire entanglement,

(2) Double-apron fence.

(3) Low wire entanglement.

(4) Belts of barbed wire or concertinas.

(5) Portable wire obstacles..

c. Wire entanglement drills.—(1) General.—The following
remarks and precautions are applicable to all entanglement
drills.

(a) The line of stakes toward the enemy for high wire and
the center line for double-apron and low wire should he
traced and marked in the manner described for trenches,
Use of tracing tape is highly desirable for night work in
presence of the enemy.

(b) The men are given numbers in the order in which they
first proceed to work, each having definite, limited tasks.
They start at intervals so that men doing different tasks will
not he bunched, exposed to fire, or interfere with each other.
One row of pickets is set by pacing. The others are placed
by eye, using the paced row as a guide. The elements nearest
the enemy should be placed first, and work continued to the
rear.

(¢) Pickets should be carried under the left arm and placed
on the ground with the right hand so that end of the screw
or point of the picket faces the enemy, indicating the spot
at which the picket is to be erected. For carrying, all bundles
of screw and iron pickets should be wrapped with a sandbag
and secured in at least two places by a turn of plain wire
with the ends twisted together. Enough end to this wire must
always be left so that it can be untwisted by hand without
pliers. Bundles of long wooden pickets should be tied to-
gether in at least two places with a plain wire. Short wooden
pickets are carried best in sandbags, a suitable number in
each bag. Two bags are tied together and slung over the
shoulder. Screw pickets must be screwed in so that the eyes
are parallel to the length of the entanglement, and the eye
points in the direction from which the men are working, that
is, toward the starting point. Compliance with this rule fa-
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cilitates placing wires. Wooden pickets used as hold-fasts
(anchors) should be driven in approximately at right angles
to the stay wire to be attached to them, but screw anchorage
pickets must be placed in prolongation of this stay wire,

(d) In running out barbed wire two men work together;
one man walks out with the bobbin, unwinding as he goes,
and the other stretches the wire and fastens it to the pickets.

(¢) Men fastening the wires must always work facing the
enemy. .

(fy The carrying parties indicated in the drills can carry
at one trip all the material required for 50 yards of entangle-
ment. If a round trip to the dump requires more time than
construction of 50 yards of obstacle, strength of the carrying
party must be increased accordingly.

(2) Fastening wire to pickets—(a) To fasten wire in top
eye of screw picket (see fig, 71 ), pull the fixed wire {the
one leading toward the starting point) taut and slip the
wire up into the eye, turn the running end up over the
eye, thus threading the wire in the eye. Then take a turn
with the running end over the standing end and around
the picket below the eye.

() To fasten the wire in a lower eye of a screw picket
when there is already a wire in the top eye—

1, Pull the fixed end taut and slip the wire up into the
egye. Then take a bight on the running end, pass
it around the picket above the eye, and take a
turn with the bight on the running end (see fig.
71 ®).

2. If one eye is on the opposite side of the pickets from
the others, the wire must be forced down into the
eye, and the hight on the running end passed
around the ptcket under the eye (see fig. 71 @).

{¢) 'The foregoing rules ((a) and (b) above) apply which-
ever way the wiremen are working, from right to left or left
to right, and if carried out the wire will be fixed firmly in the
eye and cannot slip up or down the picket. Also, if one bay
is cut the wire in the bays oh either side remains taut and
does not slip through the eyes.

(@) Wires are fastened to wooden pickets as shown in
figure 72.
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@ At top of picket.

RUNNING END

RUNNING END

RACK STICK

RUNNING END

\

RUNNING END

2]
@ Intermediate eye, wire on top.

FicurE 71—Proper method of fastening wire to screw pickets,
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(&) To fix one wire to another a short length of smoocth
wire may be used or the two wires may be twisted together
by means of a rack stick as shown in figure 73. This is the
better method and is known as “windlassing.” Each mem-
ber of a wiring party is equipped with a rack or windlass
stick.

(3) High wire—{(g) This entanglement consists of a se-
ries of fences made of standard long pickets either wood,
screw, or angle iron, spaced 10 feet apari. A sufficiently
close approximation to the distance is 4 paces of an average

Prours 72-—Proper method of fastening wire to wooden pickets.

man. The spacing in depth between successive rows is the
same; thus five rows of pickets give an entanglement 40
feet in depth. In each row the pickets are placed opposite
the center of the intervals between pickets of the adjacent
rows. This arrangement is shown in figure 74.

¢ On each fence or row of pickets there is a bottom
horizontal wire about 6 inches above the ground and a top
horizontal wire at or near the top of the pickets; also, in
each bay there are two diagonals., This system of top and
bottom horizontals and diagonals also runs in a zigzag

262375°—40-—9 125
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APRON “WiRE

FROM LAST PASTENING

-— SUS
TO BOBBIN \
Apn}c{m WIRE

T0 BOBAIN

FROM LAST FASTENING
At cand

Apnon’wm.r:—

FROM LASY FASTENING
Yo BOBBIN
—— RACK STICK

APRON WIRE
V&-

FROM LAST FASTENING
i

RACK STICK
TO BORABIN
‘ALTERNATE METHOD

FiGURE 73.—Method of fastening two wires together by
*windlassing.”
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direction between rows of pickets, giving a series of tri-
angular cells, All wires are strung in the order and man-
ner shown in figure 74.

(c) This type of entanglement may be consiructed with
two rows of pickets, giving a complete unit. For more im-
portant obstacles it is constructed in greater widths, five
rows of pickets generally being employved and being con-
sidered a full belt. The full width of the entanglement
need not be built as the first operation; two or three rows of
pickets may be driven and wired across the front to be
covered to develop the defensive value of the position at
once. Inclined anchorage pickets may be placed opposite
each picket of the outside row and at a distance of about
5 feet from the picket. Guy wires are attached to these,
running to the head of the main pickets. This practice is
sometimes varied by placing the anchor pickets opposite the
center of intervals between main pickets and guying di-
agonglly in both directions. At least two strands of wire
should be used on each guy, preferably barbed wire as used
in the entanglement itself,

(d) In case sufficient barbed wire is not available for the
whole entanglement, the most efficient utilization of it would
be for the top and bottom fence wires as it is these that the
body encounters whether the soldier attempts to go over or
under the obstacle,

(e) Drill for erecting high wire entanglement,

TaBLE XVI—50 yards high wire enlanglement (two rows of
stakes)

Materials Wiring party Carrying party

8 bundles (total of 32) | 1 noncommissioned officer | 1 noncommissioned

long pickets. {earrics pliers). officer,
32 30-yard bobbins | 16 men (each carries a rack | 18 men,
barbed wire. stick).

I man, carrier.
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TABLE XVI.--50 yards high wire entanglement ({wo rows of
stakes)

Nos.

First 1ask

Second task

Third task

Noncommis- | Leads party to | Paces [ront panel and indicates location of
sioned head of work, pickets; supervises work,
cflicer.
1. Tlace pickets of front | String bottom hori-
Q. panel. zontal wire, zig-
zag panel.
—— Eaeh man carries |——
T out pne bundle | Place pickets  of | String first  diag-
4o .. pickets. rear panel. onal wire, zigzag

panel.

)

Each man carries
out ihree hob-
bins hbarbed
wire.

wire, front pancl,

[ e Serew In pickets of| String second diag-
R, front panel. onal wire, alg-
zag panel.
T o - Serew in picketsrear | 3tring top horizon-
- panel. tal wire, zigzag
panel.
9 o String bottom heri- | String bottomn hori-
w. zontal wire, front | zontal wire, rear
panel. panel.
| S, Stricp first diagonal | String first diago-

nal wire, rear panel.

String second diag-
onal front panel.

$tring second diag-
onal wire, rear
panel.

Siring top horizon-
tal front panel.

String top horizon-
tal wire, rear
panel.

Carry out 3 bobbins
barbed wire.

Xore.—Numbers L to 4 place pickets lighty in ground.
bers run out bobbing, ¢ven numbers fix wire to pickets.
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{

16" 0" a

I

FigoreE T4—High wire entanglement.
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Each additional row of high wire entanglement

] Muaterial Wiring party Carrying party

4 bundles (toiat of 16) long | | noncommissioned offi- | 1 noncommissioned
pickets. cer, officer.
24 30-yard bobbins, 10 men, 12 men.

(4) Double-apron fence—(g) The double-apron fence,
4- and 2-pace, consists of a central row of long pickets spaced
10 feet, or 4 paces, apart, upon which are strung four hori-
zontal strands equally spaced from top to bottom. Parallel
to and on each side of this row of pickeis is placed a row of
anchorage pickets to which diagonally inclined wires forming
the apron are strung. The anchorage pickets are placed
opposite the intervals, and 5 feet, or 2 paces, from the line
of the long pickets. Bach of the two sets of diagonally
inclined wires carries three horizontal wires. This type of
entanglement is erected with great rapldity and resists de-
struction by shell fire or bangalore torpedoes as well as any
other pattern. For very rapid work and to develop utility
of the barrier at once, the back apron is sometimes omitted,
If sufficient barbed wire is not available, smooth wire may be
used for the rear apron and if necessary for the diaponal
wire of the front apron. WValue of the entanglement les
chiefly in the front apron which should never be omitted.
All wiring is done from front to rear, the diagonals in the
front apron being placed flrst. Three horizontal wires are
placed on the sloping apron and windlassed to the diagonal
wires. The four horizontal wires of the central fence are
next strung, following which the diagonals and apron wires
of the rear apron are placed successively (see fig, 75).

(b) This entanglement is economical in labor and mate-
rial and can he developed into a broad barrier by construction
of successive bands, The space hetween bands can he filled
with portable ohstacles or lpose wire in the form of spirals.
As in the construction of the high wire type, the working
parties are covered by the first elements of wire placed, and
they work behind it toward their own lines.
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PFigure 75.—Double-apron fence, 4- and 2-pace.
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(d) The double-apron fence, 6- and 3-pace (fig. 76}, is
exactly similar to the 4- and 2-pace type except that the
distance between long pickets is 6 paces instead of 4 and the
anchor pickets are placed 3 paces instead of 2 from the
center line of the cbstacle, This results in a wider obstacle
but one that is probably not as strong as the 4- and 2-pace
type. As may be seen from table XXI, the number and
weight of long and anchor pickets is about 30 percent less for
the 6- and 3-pace type and there is no increase in amount of
wire required. The wiring party is reduced by one man and
hence the man-hours by % man-hour for 50 yards of entan-
glement. Alsc @rill for erection of the 6~ and 3-pace fence
is simpler. This reduction in amount and weight of material
and in man-hours required is a very important consideration
in many situations. However the 6- and 3-pace fence has
not had the benefit of actual war experience as has the
4- and 2-pace.
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Ficure 76 —Double-apron fence, 6- and 3-pace.
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(5) Low wire—{(a) The low entanglement (fig. 77) con-
sists of a double-apron with the fence, except the top wire,
omitted. Medium pickets are used, preferably of the screw
type, spacing and arrangement being the same as for the
double-apron fence. The wire forming the inclined diagonals
toward the enemy is strung first. Acreoss the diagonals are
then laid the three horizontal wires in the order indicated
in figure 7. A horizontal wire is next strung along the tops
of the pickets. The wire forming the rear diagonals is then
strung, followed by the three horizontal wires which it sup-
ports in the order indicated in the figure. Horizontal wires
are windlassed to inclined dlagonals at points of contact.

(B) The chief advantages of the low wire type are its econ-
omy of material and labor and its low visibility with respect
both to direct and terrestrial observation and to aerial pho-
tography. It is preferably built in long grass where it becomes
almost entirely invisible. Its chief disadvantage is the obvicus
one that a man with reasonable ahbility can pick his way
through it without much trouble. As a surprise entanglement
it is unguesticnahbly effective.

(c) Low wire entanglement of either 6- and 3-pace or 4-
and 2-pace types may be constructed. Advantages and dis-
advantages of the two types of double-apron wire (see (4)
(d) above) apply to low wire entanglements. Figure 77 and
table XIX give details and drill for the 6- and 3-pace type.
The 4- and 2-pace type is exactly similar except for substitu-
tion of 4 and 2 paces for the 6 and 3 paces in laying out the
wire and for the changes noted in the drill table XIX.
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ke

6 PACES—sd 3 7 -ar-s mzs—al
L) ]
_*.

3 \szi
e

GAPS BETWEEN SECTIONS
MAY BE CLOSED WITH
PORTABLE (BSTACLES

ENEMY

VARYING OISTANCE

3,2,3, ETG. GIVES ORDER DF STRINGING WIRES

Ficure 77.—LOW wire entanglement, 6- and 3-pace.

(d) Drill for erecting low wire entanglement,
TaBeLE XIX —50 yards low wire entanglement, 6- and 3-pace*

Material Wiring party Carrying party

2 bundles medium pickets (¢ of | 1 noncommissioned officer | 1 noncommig-
G, 1 of 5 each).! (carrieg pliers). sioned ofTicer,

4 bundles (total of 22) anchor | 6 men (carry ruck sticks). | 13 men.
pickets.?

20 30-yard bobbins barbed wire.

*Changes in drill for 4- and 2-pace:
13 bundleg medium pickets (1 of 6, 2 of 5 each),
t 4 bundles (32) anchor pickets.
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TaBLE XIX.—50 yards low wire entanglement, 6- and 3-pace*
—Continued.

Tirst task Second task

Nos.

Third task |Fourth task! Fifth task | Sixth task

pickets. Supervises work,

Nongommissioned officer ¥ paces off and indicates to Nos. 1 aud 2 location for their

1| Carries sut | Carries out
1 bundle 1 bundle
nedium predium
pickets. plckets

2 | Carriesout | Carries cut
1 bundie 1 bundle
anchor anchor
pickets rickets

Carrics ont | Carriea out

o

1 buniile 1 bundle
anchor anchor
pickets piekets

4 | Carriesour | Carriesout
4 bobbing 4 buhbins
harbed wire | harbed wire
Carries out | Carrics out
4 bobbins 2 babbins
harbed wite | barbed wire

o

4 | Carries out | Carries out
4 habbins 2 bobbins
barbed wire | barbed wire

2 Carries out 1 bundle medium pickets.
loeatjon for their pickets. Lays out own pickets.

Supervises work.

Lay out | String and | String and | String and
and screw fasien windlass windlass
in center | frant diag- | top horis top huri-

line of onal wire |zontal wire | zontal wire
pickets front apron| rear apron

Lay out | 8tring and | String and | String and
and serew | windlass | fasten hor- | windlass

inonuter | trip wire, izontal jsecond hLor-

anchor | {ront apron; wire, cen- izontal
pickets ter line wire, Tear
apron

Lay ot | String and | String and | String and
and screw | windlass | fastet rear | windluss
in inner | second hior-| diagonal trip wire,
anchor izontal wire rear apron

pickets wire, front

apron
Paces off and indicates to Nos. 1 gnd 2

NorE.—Nao. 3 places picket at head of worle, N, & places anchor picket at foot of
work., Diagonal wire of rear apren and horizontal wire on center line of pickets are

pot carried down to end anchor pickets.

at night, owing 1o the difficulty of seeing the pickets.
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(6) Four-strand fence.~—Under press of time or shortage
of men or materials, a less effective type of entanglement can
be erected, For such purpose the four-strand fence may be
used. This is the central fence of the double-apron fence
entanglement (see fig. 80). This can later be elaborated
into the double-apron fence by addition of the aprons. The
four-strand fence can be erected by an 8-man wiring party
and an 8-man carrying party at the rate of 50 yards in 15
minutes, day work, with a carry of not more than 400
vards. TFor longer or shorter carries, the carrying party
should be increased or decreased proportionately. This type
of wire is usually employed as the protective wire around the
defense areas.

(7) Barbed wire concertina.—(a) This type of obstacle
is prepared in advance and in the field needs only to he
opened out, supported on a wire strung between posts, and
stapled to the ground.

(&) Draw on the ground a circle 4 feet in diameter. Place
nine posts, an odd number is essential, equally distant, ap-
proximately 17 inches apart around this circle and drive
them, leaving a height of 5 feet above ground. Angle-iron
pickets sre much easler to work with than wooden ones.
One 100-yard coil of barbed wire is required per concertina,
with short lengths of plain wire for fastening. The unit
party is three men. No. 1 works inside the framework, Nos.
2 and 3 run out the coil, No. 2 helping No. 1 if necessary
(see fig. 78).

{¢) Average time per concertina is 20 minutes. Take two
complete turns around the nine posts with No. 10 plain wire
or four turns with No. 16 wire, and bind these turns together
at each interval between posts so as to form a secure end
ring for pulling the concertina out. Fasten the end of the
barbed wire to the plain wire and take 24 turns with it around
the posts in a spiral form, binding two consecutive turns
together at every other interval, using No. 16 plain wire for
binders. Make two turns with plain wire and make fast,
It assists to have a nonagonal-shaped framework to fit inside
the top of the pickets so as to keep them properly spread out.
It is easily removed when the concertina is finished.

262375°—40— 10 141
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(d) The easiest method of carrying is to wire & slat to
each face of the closed roll, the slats parallel to each other.
The points 90° from the slat fastenings are then lightly tied

with tape.

The concertina can easily be carried by two men,

or with reasonable ease by one man if in the open.

@Element collapsed
and .prepared for
carrying.
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FieURE 78.—Concertina.

(8) Concerting~-(g) Coneertinas open out to a length of
about 20 feet and are formed into an entanglement by tying
end to end. The elements are supported hetween posts spaced
20 feet apart and carrying a taut top horizontal wire to which
the elements are secured. Each coil should also be stapled
in at least three places to the ground. The entanglement
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may be thickened in depth as desired by adding sticcessive

lines. Figure 79 shows the manner in which concertina
elements are arranged to form an entanglement.

2 PAGES B PACES
s'o” 29’ 0"
i WIRE (BARBED)

TAUT TOF HORIZONAL

G
" '*%‘ "f v. '@»«w
0 Qu h‘ ' 4.0
w""‘ ) i« @j\(c{""%m h;{ ﬁd g:gh 6 l%,‘ N
L “ ."“l (ét‘ﬁt. &k .b .J~.‘\ £/
N :«’ STAPLES INTO snouun

CONGCERTINA EXTENDED
Figure 7. —Double-belt cohcertina entanglement.

(b) The entanglement has the advantages of low visibility,
rapidity and ease of construction once the elements are
prepared, and difficulty of destruction by artillery owing to
its strength and resiliency. Being stapled to the ground it
is difficult to pass, and in double lines with a top horizontal
wire it forms an exceedingly efficlent barrier.

(¢) Drill for erecting concertina entanglement,

TapLE XX.-—50 yards double-belt concertina

Materials Wiring party Carrying purty

4 bandles (total of 16) long | 1 noncemmissioped  officer { 1 noncominijs-

pickats. (carries pliets). sioned officer,
4 anchor pickets.__.-._..__.. 10 men (Nos. 1 and 2 each | 20 men.
14 coils concertina, carry 12 pleces plain wire;
2 50-yard coils barhed wire. 9 and 10 each carry 15
30 wire staples, staples; sll  carry  rack

24 8-in¢h picces No. 16 plain sticks).
wire.,
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TapLe XX —50-yards double-belt concertina—Continted

Nops.| TFirst task Berond task | Third task Fourth lask Fifth task

Nencominissisped officer earrics out 4 anchor pickets.” Paces off distances and
locates pickets. Supervises work,

1 Openoutand | Wire coils together in hoth
plaee in belts, No. 1 working on
— front line enemy side, No. 2opposite.
2 nf pickets 1
vencertina,
3
Carry out 4 | Each  lays | Openontand | Openoutand | Run horizon-
long pick- eutand place in placein tal wire
ets cach. serews in front line sceond line along  top
4 long of pickets 1 of pickets 1 of pickets,
hickets. coneerting. concerting. first row.

4 Yasten wirg
to pickets.

5 | Carries out | Laysoutand | Openoutand | Openoutand | Windlass

1 concer- serews in place in placein coils to
tina and’] 4 anchor front linc second line wires at 3
cuis tape. pickets. of pickets 2 of pickets 2 pointg be-
concertinas concertinas. {ween ench

2 pickets,

G Run horizon-
tal wire
along  top
of pickets,
second row,

— Carry out 1
concerting

7 coil and | Openout and | Open outand | Fasten wire

cut the place in placte in to pickets,
— tapes. front  line second line
& | Carry out 2 of pickets 2 of pickets 2
concertings coneertinag, | concertinas, | Windlass
and cut tie cails to
tapes, wire at 3
s points be-
tweon each
2 piekets,
—— 1)

144




FIELD FORTIFICATIONS 42

TapLE XX -—50-yards double-belt concerting—Continued

Nos.| First tasx Second task Third task Fourth task ' Fifth rask
|

9 Carry out 1 | Open cutand | Openoutand | Staple down
coll barh- placein place in hoth belts,
— ed wire, front line second line
10 of plekets 1 of pickers
egneerting, concerl inas,

Norr.—Nos. 6, 7, 5, 9, and 10 place coils in iutervals between plekers in tadks
Nos, 1and 2,

(9) Table XXI, below, is a summary of material and fabor
required for 1,000 yards of various single-belt entangiements.

TapLe XXI.—Summary of material and Igbor required for
1,000 yards of single-belt entanglement

' = 2 T
Pickets Barbed wire I;If’rlg’ E g |5 g
- |~ R =
RIS
2E oo |28
. iR IE5E
Type of entangle- - g 25 15.;:.‘2 _g aE
. ment S = agieg EI«'E
21z 25(g2|89%
=l ~ = w £l3gisE3
= = —_ So(rks
= X o - ) ~ | 3 2 ="z
&0 = = g -] 4 2= |5 £ =21
S|E[E(&£] %] c|slslE & 8%
S|l =281 |7|lzlz |2 ¥
Lbs, |Lha|Lha. Lbg.
High wire .. .____.___ 640 | ____[2320 (346 ) edo 4830 o L] oo Y 2
Trouble apron:
4- and 2-pace.___. 320 ... 640 | 37 | 520 13,885 | ___[.___ w
G- and 3-pace_..._ 220 L.l 40| 37 | 520 [B885 | L __. 8
Low wire.___.____..__|-aa_- 220 | 440 20 | 400 (345 | 0 L 8§25
Concertina (2 eylin-
dersg side by side)_..| 302 {___. [ ___. THl L. . NTA 00 | B0 ) 60D [ 83 12
Four-strand wire |
fence {(protective
wire aroung defense
BTEHE) . oo oo 300 oot 100 LSS |l $2 E
1 §pecially skilled crews of picked men undisturbed have erected entanglements
in less than 14 of times stated in this column. ? For front anchorage if used,
8 Plus 3 if front anchorages are used. 1 Plug 315 if [ront anchorages are used.

& Freetion of entanglement only; does ot inelude making bobblns or carrying
party, Man-hours for carrying party varies. depending on distance and rate of
catTying.

¢ Kpeetion of fenee only. Does not include makibg of evlinders or carrying party,
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(10) Spider wire—~Figure 80 shows a form of entangle-
ment using four-strand fences identical in design to the
central portion of the double-apron fence. Obviously they
can be developed into single- or double-apron fences when
desired. This open irregular crisscross grouping of fences is
known as spider wire entanglement. It is very useful for
wiring in defense areas. The fences using wocden or angle-
iron pickets can be made up in portable lengths rolled up,

LA PAcEiA‘PACES % mcccumau TRENGH

10 10 Al
TR = \=unoccuriEo
o s A AUTOMATIC WEAPON
7 —

ELEVATION ©OF FENGE

Fraure B80.—Spider wire entanglement showing use of four-strand
fences as obstacles around defense area without disclosing occupied
portions of trenches,

carried to front positions, and there quickly set up by driving
the pickets into the ground as the fence is unrolled. '

d. Estimating quanitity of entanglement.—{(1) To estimate
properly tonnage of material (pickets, wire, etc.) for a defen-
sive position, it is necessary to know approximately how
much material is required fo cover a battalion area with
a reasonable amount of wire obstacle. The weight of pro-
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tective wire required is approximately the same as the tac-
tical wire (see par. 40b). Tactical wire (double-apron fence}
weighs 10 pounds per linear yard, and protective wire (four-
strand fence) weighs 4 pounds per linear yard of entangle~
ment. Therefore 10/4==21% times as much wire in linear
vards needed for protective wire as for tactical wire. Ex-
perience shows that in the average case the number of linear
yards of tactical obstacle needed is approximately 114 times
the frontage in yards. Hence for protective wire the number
of linear yards of obstacle needed 1s 114 %2% =315 times
the frontage.

(2) Considering the above figures, for a battalion holding
a front of 1,600 yards the length of tactical obstacle will be
114 X1,600=2,000 yards, and the length of protective obstacle
will be 314 x1,600=5,000 yards, a total of 7,000 yards of
entanglement. The total weight of materials (pickets, wire,
ete.) for one battalion area will be (2,000X10) +(5,000:<4)
equals 40,000 pounds or 20 tons. As the division may organize
six batfalion areas at the same fime, we see that 120 tons
will be required per division. Most of the wiring material
will have to be brought up from engineer depots in the rear.
Early requisition is essential to have the materials on hand
when needed.

e. Erection of wire in large quantities.—In erection of wire
in large quantities it is well to organize the erection crew into
parties giving one ich only to & party. As an example, in the
double-apron entanglement 3 picket and 12 wiring parties
might be organized to erect a large gquantity of entanglement.
The parties move out successively, each party keeping two
pbays bchind the preceding party. The 3 picket parties move
out first and each party erects a row of pickets. The wiring
parties move out next, each party stringing one wire, the first
wiring party stringing number one wire, the second, number
two wire, etc., as shown in figure 75.

f. Spirals of loose wire—(1) Wire entanglements of any of
the types described may be thickened as desired by casting in
strands of loose refractory wire, This work is greatly facili-
tated if the wire is previously coiled into spirals.

(2) To do this, form a diamond with axes of 3 feet and 1%
feet by driving 3-foot posts at the four corners. Then wind 75
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yvards of barbed wire around this framework from the bottom,
gradually working up the stakes in a gpiral. Finally take the
spiral off the stakes and tie it together in four places with tape.
It then can be carried easily to place where it is to be used. If
spirals are needed in large quantities a winch may he impro-
vised and used to advantage.

g. Gups in wire—(1) It is necessary that openings in ob-
stacles about a defensive position exist at frequent intervals
to permit passage of our own patrols, working parties, and
assault columns, ‘These gaps are generally formed by cutting
zigzag passages through the wire after its construction is
completed. By echeloning gaps in successive belts, it is pos-
sible to render them invisible to direct observation, In the
case of operations invelving a general advance it is necessary
to cut many such passages in the wire, but these are prepared
the night preceding the attack so that the preparations may
not be observed by enemy observers. In order to deny passage
through gaps to the encmy, the openings are normally closed
by portable obstacles which can be removed readily for passage
of friendly troops.

(2) Enemy entanglements may be breached by artillery
concentrations, by tanks, by specially trained men using wire
cutters or by heavy charges of high explosives extending
continuously through the belt to be breached (see FM 5-25),

h. Knife rest or cheval-de-frise —The knife rest consists of
a framework of woed or iron upen which is strung barbed wire.
It is sometimes called a cheval-de-frise. The framewark,
if the iron type, may be made cvollapsible and hence easier
to transport, as well as being more difficult to see and stronger
than the wooden type. In shape, the framework of the knife
rest is of the same appearance as a common sawbuck. Figure
81 shows its construction. Chevaux-de-frise (plural of
cheval-de-frigse) are frequently used to stop temporary gaps
in entanglements, to barricade trenches leading toward the
enemy, to barricade roads and streets, and may be used as an
underwater cbstacle in beach defense.

i. Gooseberry and RedgeRog—(1) The gooseberry consists
of barbed wire balls connected by spirals of the same material.
It is used principally to block trenches. For this purpose
the balls should be made with a diameter slightly greater
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than the width of the trench in prder that when jammed into
place they will be more difficult to remave, They may also
be used to make fmergency repairs to existing obstacles (gsee
fig. 82).

(2} The hedgehog is used in the same way as the gooseberry.
The nature and menner of construction of thig chstacle are
shown in fgure 83.

®Without wire,
F1GURE 81.—Knife rest ar cheval-de-frise,

® 43. AparTis—a. Dead.~—Dead abatis is made by felling trees
toward the enemy and placing them so closely together that
the Wranches form a barrier against an advance. Difficulty
of passage is increased by additlon of barbed wire interlaced
in branches of the trees. Wire lacing also makes removal of
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The finished
Goosehersy wound
spirally with harbed
wire, Tastaned ut
points with smooth
witre.

Connecied o
ancther berryhy
a spiral coil.

M

Taken off the pags

and opened up

forming & sphere - Z 2
80r10 turns around Y
the pegs, fastened A

at two places with
small smoolh wire

Frgure 82.—Gooseberry.

FiguRe 83 —Hedgehog.
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the barrier more difficult. This type of barrier is highly efii-
cient as a rapid means of blocking a road lined with trees.
In the case of a road between two rows of trees, the trees on
both sides are so felled that their tops interlock, making the
barrier as dense as possible. Trees are preferably only par-
tially cut through when felled so that their removal may be
more difficult. Dead abatis has the disadvantages of being
conspicuous and inflammable when dry. For these reasons
it is often worth while to go to the greater labor of building
live abatis for defenses in a wood.

b. Live.—(1) In the organization of woods where the growth
is suitable, it is possible to form a barrier by bending down,
interlacing, and tying the easily bent saplings and lower
branches of adjacent trees in such a way that the obstacle is
invisible to both ground and air observers (see fig, 84). This
type of barrier is usually constructed in extended depth and
is practically impassable fo advancing Infaniry unless ¢ir-
cumstances are such that trench knives or axes can be used.

(2) It is sometimes the practice in connection with use of
live abatis to augment its impassability by addition of a num-
her of plain or barbed wires strung from sapling to sapling or
tree to tree. Use of pickets in this situation should be avoided
as they increase visibility of the barrier,

(3) In the organization of fairly dense woods abatis is not
always continuous; gaps are left at points which would nat-
urally be the avenue of approach of advancing elements.
These lanes of access are directed toward lines of supple-
mentary barriers of double-apron or high wire gntanglement,
there being definite lanes cut through the woods along the
enemy side of these batriers, and bounded by them and the
abatis. These lanes are under fire from well-placed flanking
weapons and are under good observation. The object of this
type of organization is to herd the enemy into zones from
which he cannot easily find an exit and which ale swept by
fire of automatic weapons,

{(4) Lanes should not be too wide as they then become vis-
ible from the air. It is possible in fairly dense woods to clear
lanes 6 to 20 feet wide and fo hring together the branches
overhead, thus concealing their position.
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£ 44, InunDaTIONS —Inundations form serious ohstacles to
the attacker., They also may seriously limit counterattacks
and this must be kept in mind before deciding to create
inundations. They are created by building dams at suitable
points. An extensive survey is frequently a necessary pre-

@ Dead abatis blocking rcad with live abatis on its flank,
FiouRE 84 —Abatis,

liminary step to determine the area and depth to be inun-
dated and height and best location of the dam. However,
these data can often be ohtained from civil officials and
agencies in the vicinity. In a stream with a firm bottom it
reguires at least 4 feet of water to be a serious obstacle
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to infantry and 6 feet as a minimum should be sought. If
the bottom is soft or if the inundation is combined with
other obstacles, a lesser depth suffices, Barbed wire entangle-
ments prepared in advance, trees cut 1 to 2 feet below water
level, and post or rail obstacles are examples which when
inundated form most formidable obstacles. Inundations are
more difficult to cross when ditches are cut chequerwise
through the ground to be inundated and deep pits dug before
damming up the stream. TUse of explosives for this purpose
is discussed in paragraph 54, FM 5-25. Inundations are very
effective obstacles against tanks or any form of vehicle.

B 45. UNpERWATER.—¢«. Underwater obstacles will be ex-
tensively used in beach defense against landing operations
and in river line defense against river-crossing operations.
The objects of beach and river line defense can be accom-
plished best by defeat of attacking forces before they suc-
ceed in placing any men on the beach or shore. Normally,
defense of a beach or shore against an attempted landing in
force is provided hy an organized infantry defense supported
by artillery and all auxiliary arms. ‘This defense alone how-
ever with all its fire power and land obstacles may not
prevent enemy landings, especially at night or under heavy
fog or smoke screens, unless obstacles are placed out beyond
the water’s edge. This work is normally ecarried out by
engineer troops and if not completely dcne by engineer
troops the engineers should be called on for technical advice
and assistance in any beach or river line defense.

b. Obstacles in beach and riverline defense will consist of
any and all means available to delay the enemy’s advance to
to the shore, break up the orderly, methodical procedure of
his landing operation, and hold him in the most adverse con-
ditions under the maximum developed fire of the defense.
These obstacles may include any or all of the following
belts of-—

(1) Small, sensitive contact mines in deep water but close
enough to the shore to be under protection of the shore
defense.

(2) Wire entanglement and other suitable obstacles under
the water to interfere with movement of enemy after disem-
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barking from landing boats or to interfere with movement
of landing boats.

{3) Wire on shore arranged to delay the enemy and hold
him under flanking fires of the defense,

c. (1) In general, the character of beaches and river lines
suitable for landings may be divided into two classes, those
where the bottom drops away rapidly from the water’s edge,
and those having a gradually sloping bottom for a greater or
lesser distance from the edge. Each type has its advantages
and disadvantages for the defense. The steep slope prevents
disembarkation until hoats reach the beach, hut it renders
placing underwater obstacles more difficuit. The gentle slope
facilitates placing obstacles, but it also allows the attacking
troops to disembark while still afloat.

(2) For those heaches and riverlines of the first type
(steeply sloping bhottom) provision should be made for stop-
ping the landing boats and bharges before they reach the
shore. For this purpose the defense may utilize small, sen-
sitive, contact mines anchored so &s to be just below surface
of the water; heavy logs anchored or tied to shore as floating
booms either on the surface or just below the surface: and
heavy cables or chains stretched between pilings. In all these
methods the ideal solution would be to have all obstacles out
of sight just below the surface, but a compromise must be
made with the amount of tlde variation, and/or variation
due to flood conditions encountered, At the periods of high-
est water level the obstructions should he near encugh to the
surface to prevent the free passage of landing boats and
barges. This means that at low-water levels the obstructions
may be in sight on surface of the water. However whenever
possible provision should be made for adjusting obstacles
such as log booms, cables, and chains to take care of fluctu-
ations in the water level.

(3) For beaches and river lines of the second type (gradu-
ally sloping hottom) the defense must not only guard against
the boats reaching the beach, but must endeavor to stop them
before they reach such depths that the personnel can debark
and wade ashore, and ence wading has begun to render it as
difficult as possible. However, in addition to the ohstacles
mentioned ahove, the shallow depth can be covered thor-
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oughly by underwater wire entanglements of all kinds an-
chored or securely fastened to the bottom,

d. At certain places where water level variation is great,
the situation shown in figure 85 may present itself. In this
figure, the water level variation is assumed to be about 5 feet.
Conceding that personnel can debark in 4 to 5 feet of water
and wade ashore, it is necessary to provide for two possible
stages of debarkation (at high and low water) and construct
sufficient bands of obstacles to hold up landing at all stages.
The figure shows a gradually sloping heach; a sharper slope
would decrease the amount of entanglement while a lesser
slope might increase the number of bands. No definite rule
can be laid down.

e. (1) In figure 85, the obstacles shown at A and B can be
constructed during periods of low water. They may consist

£ 3 HIGH WATER ) /
- £ .
G~ e,
P =

7

Fi1cuRE 85.—Underwater obstacles.

of any of the standard types of entanglements and obstacles
but must be anchored more securely. Where heavy surf
is encountered railroad rail sharpened and driven into the
beach is recommended for anchoring.

(2) The obstacles shown at C and D must be constructed
on shore and then sunk in position, They may be either
chevaux-de-frise made with angle-fron pickets, concertinas
or any of the various barbed wire obstacles securely anchored
or pickeied to the bottom, or a construction similar to the
low-wire entanglement. For the latter, a raft-like structure
similar to the [obster pot shown in figure 86 is built, in order
to provide a means of weighting it down when it is sub-
merged. All the elements in such a belt or band of ohstacles
must be securely anchored in position., Heavy anchors and
sharpened railroad rail driven into the bottom are recom-
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mended for this purpose but various expedients will have to
be adapted in the field to meet conditions.

(3) The heavy booms, cables, or chains shown at B and
P (see fiz. 85) tend to protect the entire installation. If
Pkooms are used it will be necessary to anchor them from two
directions in order to avoid the possibility of their drifting
over and damaging the wire entanglements at low water,
Barbed wire may be used in connection with the booms,
cables, or chains by stringing barbed wire obstacles on and
between them,

FicurE 86.—Lobster pot obstacle.

/. Underwater wire entanglements will require more wire
and much more secure anchorages than those not con-
structed under water. This is to prevent strong surfs or
currents from ecarrying the entanglements away and so that
the effect of enemy bombardment will be to tear the en-
tanglements into nests of refractory wire rather than
clearing passageways. :

g. Spaces must be left between anchored entanglements
so that enemy dragging operations will not clear a large
area at one time and also {0 provide channels for passage
of friendly small boats for repair purposes, Concertinas will
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be found useful for such repair work. When desired, spaces
between anchored entsnglements can be closed effectively
by heavily weighted spirals of refractory wire,

. Other expedients that might be employed in beach or
riverline defense are—

(1) Where shoreline is heavily wooded, fell trees into the
water’s edge forming. a thick impenetrable tangle (water
abatis) .

(2) Spread gasoline or oil on the water and ignite it.

This may be done in the case of rivers by dumping the gaso-
line or oil on the water above the landing spot to be defended
or releasing barges or hoats with drums of gasoline aboard,
setting them afire and depending on them exploding among
the attackers’ landing boats. '
(3} Boats containing charges of TNT with time fuse may
be released upstream and allowed to float downstream so
fimed as to explode among the attackers’ landing boats. If
drums of gascline are also placed aboard such boats, a water
surface fire will resuit.

(4) Sunkeh hulks, floating mines, piles, nets, booms,
chains, and demolished locks and bridges might be used in
varjous situations.

B 46. TaNk—For treatment of subject of tank, mechanized,
and motorized obstacles see FM 5-30.

B 47, Summsry.—Maximum use should always be taken of
any natural obstacles which can be employed in the defense
plan. In some instances it may even be advisable to adjust
the entire plan of defense In order to take full advantage of
an effective natural obstacle. Barbed wire is the most effec-
tive artificial obstacle (per ton of material) against person-
nel on foot or horseback. Of the various types of barbed
wire obstacles, the double-apron fence js the most effective,
pound for pound, and can be erected quickly. It is the
standard tactical obstacle for use in organization of the
ground.
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SgcTion VII
EMPLACEMENTS

W 43. INFANTRY WEAPONS.—, Necessity for profection.—
Because of their relatively short ranges and advanced posi-
tions in the combat zone, infantry weapons, including the
machine gun, 37-mm antitank gun, §0-mm and 81-mm mor-
tars, will often require emplacements for protection of the
gun and crew. Ileavy shellproof emplacements greatly
increase effectiveness of these weapons, but because of the
great amount of time and labor invelved in their construc-
tion they seldom will be found except in highly organized
positions and even then only at key points. In mohile war-
fare, open empiacements will be the general rule.

b. Automatic rifle——Automatic rifles are habitually used
in trenches or fox holes. They do not require a special em-
placement, though such an emplacement increases their effec-
tiveness particularly in maintaining direction of fire at night,
in smoke, or-in a fog. FPigure 87 shows typical positions for
automatic rifles. These positions should provide for—

(1) Firing recess in the parapet approximately of dimen-
sions shown.

(2) Box for the rifle, 48 by 12 by 8 inches, with gas cutrtain,

(3> Box for ammunition, 20 by 20 by 12 inches, with gas
curtain.

¢. Machine gun—Machine-gun emplacements are clagsi-
fied as hasty and deliberate.

(1) Hasiy.—Due to the great fire power of machine guns
and their importance in battle, they must be effectively con-
cealed from enemy ground and air observation, and as time
permits, effectively protected against effects of enemy fire.
Concealment is of paramount importance but position of the
weapon will be disclosed when it opens fire. Hence it is
necegsary to provide additipnal protection and overhead
cover. In open warfare, time will generally permit only hasty
emplacements to be prepared and immunity from enemy
fire is secured mainly through concealment. However, even
in open warfare the gun crew may secure some protection
from shell fire while not actually operating the gun by occu-
pying concealed slit trenches constructed near the emplace~

168



43

FIELD FORTIFICATIONS

*JURWaoR e AYIT OPEWOINY—'L] HHABL,T
DU PrEpuLI; wwys

i .“u—.u_: u v g

211 30 worgraap

[t

$E(2P15UL) Y00 Appry
< SuOITUZ W]

158



48 ENGINEER FIELD MANTAL

ment. As time permits, splinterproof or light shellproof cover
over the emplacement will be provided, thereby securing
protection additional to that furnished by concealment.
A portable steel machine-gun emplacement that can be
erected quickly where needed has been designed and is under-
going tests.

(2) Deliberale.—When position warfare develops, deliber-
ate emplacements become the rule. In these, protection is
secured at the gun position by cover of varying degree such
as splinterproof, light, light shellproof, or massive. concrete
shelters, or by deep dugouts for the crew in connection with
open emplacements. Concealment is always desirable.

(3) Site and type.—Considerations governing siting of
machine guns and choice of type of emplacement to be
employed are— ’

(@} Site and type of emplacement must be such that fire
mission of the gun as demanded by the tactical situation
may be fulfilled.

(b) Emplacement must be well concealed from ground and
air observation.

(¢) Protection for the gun and personnel in the form of
trenches, shelter, or dugouts against fire not specially directed
at the position should be provided.

The foregoing considerations are given in the order of their
importance, In many cases it will be impossible to fulfill all
these conditions, and choice of site and type of emplacement
will be 2 compromise,

(d) The type of emplacement for a particular site depends
on mission of the gun, time, material, and labor available,
natural cover afforded by the site, character of the soil, and
proximity of the enemy. It follows that in a defended area a
single type of emplacement will not be found suitable for all
the machine-gun positions. In a hastily organized defensive
position where time and material are limited, emplacements
necessarily will be of the simplest type that can be improvised
quickly from local resources, On the defensive hoth the
light and the heavy machine guns will usually he fired from
emplacements. Hasty types will have to be based on a com-
promise between speed of construction and safety. Two
standard types are in general use, open shallow and open
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standing., Open emplacements are preferred because they can
be constructed rapidly, require little revetting material, permit
all around fire, can be adapted readily from shell holes, and
are more €asily concealed than the elaborate types. Theit
disadvantages are that they can be destroyed easily by light
artillery fire and are exposed to air cbservation.

{4) Standard dimensions and data.—(@) For firing, the ma-
chine gun is set up in one of two positions known as the
“normal sitting” and the “low” position. In the former, dis-
tance from the ground or firing platform to the muzzle of the
gun is about 21 inches, and in the latter about 15 inches,

4O T———]
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Ficore 88 —Detall of T-base.

() When the gun is set up on open ground the low posi-
tion is generally used. It may also be used in a shallow open
emplacement.

(c) T-hases for machine guns when needed for use in sofi
ground are made of two pieces of 2-by-6-inch lumber, each
4 feet long, lap-jointed together to form a symmetrical T
(see fig. 88). Wooden cleats may be nailed at each end of the
T-base to prevent tripod leg from slipping.

(d) Space around firing platform in open emplacements
should he at least 1 foot wide. The floor for standing em-
placements is not less than 3 feet below the fop of the
T-hase. The over-all height hetween the floor and ceiling
of a covered emplacement is 6 feet (see figs. 96, 97, 100 and
101).
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(e} The embrasure or opening through which the gun
is fired in covered emplacements should be 10 inches high
and wide enough to permit an arc of fire of 45°. A greater
arc may he necessary, but some protection must be sacrificed
to atiain it.

() Headroom from top of embrasure to ceiling, 6 inches.

(5) Establishing height of gun-~—(a) The machine gun
is always sited with its muzzle as close to the ground as
possible. It is merely necessary that the zone of fire clear
the ground and that the line of sighting which may be
several inches above the barrel clear the vegetation. The
muzzle is kept low by setting up the gun in the low posi-
tion. In emplacements since excavating is done, the muz-
zle may be at any height. The height depends entirely on
the configuration of the ground over which the weapon
must fire. .

(b) In preparing any emplacement it is first necessary to
determine the height at which the muzzle of the gun must
be placed. This immediately fixes elevation of the gun plat-
form, depth of excavation, and whether or not a parapet
should be thrown up around the open emplacement.

(c) Because of the considerable labor involved in con-
struction of any covered emplacement and the difficulty of
making any changes after the emplacement is built, it is
imperative that the exact position of the embrasure be de-
termined before work is started. If there is any doubt as
to the accuracy of the determination it is well to set up a
gun in position bhefore work is begun and from time to time
during the progress of construction to see that no mistdke
is being made. To verify ability of the gun to cover the
field of fire desired, trenches should be cut through any
obstruction in at least two places in the arc of fire and a
sight {aken from the proposed location of the muzzle over
the fleld of fire. .

d. Hasty emplacements—(1) General—(a) In general,
hasty emplacements will be open or at least with a minimum
of cover. They depend for protection on concealment, Dis-
advantages of open emplacements may be reduced by conceal-
ing the emplacement as thoroughly as possible, by providing
alternate emplacements, and by providing shelter for the gun
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crew in connection with the emplacement, preferably with di-
rect, covered communications between the shelter and an cb-
servation post s¢ that timely notice may be given to man the
emplacemnent. This step taken to reduce disadvantages of an
open emplacement will ordinarily require considerable labor
_and material and the emplacement becomes a deliberate one.

(b) When time is available, a light cover may be con-
structed over the emplacement to give protection from the
weather. If more than the lightest roof for weatherproofing
is placed over the emplacement, the cccupants will be buried
and the gun put out of action when a shell bursts near if.

(2) Heavy machine-gun open, shollow—(a) Figure 89
shows a standard, open, shallow emplacement for the heavy
machine gun, If it has been determined that the muzzle of
the gun can be placed close to the original ground level, an
excavation of not to exceed 18 inches in any case is required.
The water jacket must of course clear the ground, and allow-
ance must be made in certain cases for depressing the muzzle
as, for example, when the gun must fire down a slope. No
parapet will be required when the muzzle is placed low. Sur-
plus earth from the excavation may be placed at the sides
and rear, hut since the gun may have to fire over a wide arc,
possibly even to the rear, the elevation of the parapet thus
formed should ncot be so great as to prevent this, If the
excavated earth is spread over a large area near the emplace-
ment concealment becomes difficult, It is better at the ex-
penditure of considerable labor to carry the earth from
vicinity of the emplacement unless there is a convenient
shell hole nearby where it may be dumped.

(b) The emplacement shown in figure 89 accommodates
the gun and two men with water and ammunition boxes.
The dimensions shown are those of the bottom of the pit.
The sides may be vertical if the earth will stand, or sloped as
nature of the soil demands. No revetment is hecessary. The
entire floor is at the same level, the maximum depth being
about 16 to 18 inches. If height of the gun permits use of a
low parapet, the depth of excavation is correspondingly re-
duced. By widening the pit about 1 foot on each gide as
shown by the broken line it may be made to resemble a shell
hole, If the gun is set relatively high it is advantageous to
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Frgurk 89.-—Open, shallow emplacement for heavy machine gun.
164



FIELD FORTIFICATIONS 43

%'E EMPLACEMENT
GENERAL
LAYOUT

Py

IND!Y?DUAL PIT

}‘—ZO—J‘ 2" 3"

‘ HIHL"

Mmlll'

X\Y»\ﬁ \ \ H Lﬂm ?_@%\

f/
A ’ ( A @ DETAILS
= OF
\ { X EMPLAGEMENT
I
$f/x>~7/\//>’>‘\\—mf?\ % :T;.s%

SECTION A&

F1oUrE 90.—Open, standing emplacement for heavy machine gun
(T-base may be omitted).
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deepen that portion of the pit occupied by the men a few
inches to provide more cover. Sandbags built up under the
pintle so that the gun rests on these sandbags rather than on
the legs with additional sandbags placed on the legs will pro-
vide good support when the T-base is not available. Short
sticks of proper diameter placed in the cleat and at right
angles to the legs, and tying the legs together when in firing
position alse assist in steadying the gun when the T-base is
not available, The ammunition is habitually placed in front
of the T-base or in the same relative position if the T-base.
is not available.

(¢) To construct an emplacement of thls type, place the
T-bhase in its correct tactical position or otherwise mark the
correct tactical position of the gun. Mark the outline of the
pit, rounding the corners if desired. Dig the pit to the de-
sired depth, sloping the sides if necessary. Set the T-base
fiush with the bottomn of the pit. This emplacement if of
maximum depth (16 to 18 inches) requires about 60 cubic
feet of excavation and in soft soil requires about 3 man-hours
of labor to construct. If the soll is disposed of otherwise
than as a parapet more time is required. A skirmisher trench
should be dug opposite the right rear of the pit at a distance
of about 6 feet for the gun commander if he cannot find
natural cover nearby.

(3) Heavy machine-gun open, standing.—(a} The emplace-
ment described above in figure 89 may be converted into g
standing type as indicated in figure 90 by deepening that
part of the pit occupied by the personnel.

(b} The gun platform should be revetted as shown to
prevent caving under the shock of firing. Revetment of the
platform should be vertical. The extra width of 12 inches
of the platform on the left side is to accommodate the ammu-
nition box in use. This emplacement allows slightly more
than 180° traverse, permits personnel to stand while firing,
and provides better cover for personnel than the shallow
type. As this pit accommodates but two men there should
be an individual rifle pit for the gun commander as for
the shallow type emplacement. If a skirmisher trench has
already been dug for the gun commander it w111 be necessary
merely to deepen it.
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{¢) To convert & Shallow type emplacement in lisht earth
into a standing tyvpe and to deepen the gun commander’s pit
requires about 3 man-hours of work for the digging. Revet-
ting requires about 3 man-hours.

(4) Shell hole, machine gun—It will often be feaSible to
convert a shell hole into a shallow type emplacement. The
sides of the shell hole should be broken down and the hottom
filled in level to the proper elevation. The final result should
conform io the shallow type as illustrated. By expendifure
of extra labor in building up and revetiing a firing platform
a shell hole may be converted into a standing type emplace-
ment, A shell hole should not be selected 'for conversion
into an emplacement merely because of saving labor, if the
gun as so sited cannot completely fulfill its tactical mission.

(5) Light machine gun—The light machine gun can he
fired from either a shallow or a standing type emplacement
as in the case of the heavy machine gun. The dimensions
are indicated in figure 91. The gun platform for the light
machine gun must be wider than for the heavy machine gun,
and a different type of base must be provided. This is due
to the fact that there are two rear legs of the tripod resting
on the gun platform in the case of the light machine gun
while there is but one rear tripod leg in the case of the heavy
machine gun. The gun platform for the light machine gun
is much shallower than that for the heavy. The open, shallow
type involves excavation of only 15 cubic feet of earth; the
open, standing type requires about 85 cubic feet.

(6) Caliber .50 machine gun—This is similar to the em-
placement for the heavy machine gun except that it is slightly
larger due to the larger size of the machine gun. Instead
of the over-all length of approximately 8 feet for the heavy
machine gun emplacement a total length of 10 feet is re-
quirea. Total excavation required is about 75 cubic feet for
the shallow type and 150 cubic feet for the standing type.
‘The T-base must of course conform to the construction of
the caliber 50 gun.

(7 37-mm gun (M1316) ~—(a) The 37-mm gun usually
fires with sight defilade using indirect laying methods with
cbservation at or near the sun position. When possible
the gun is placed in a position affording sight defilade just
behind a crest or parapet.
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() In providing emplacements for it, the 37-mm gun
may be considered similar to the machine gun. In open war-
fare there Is usually no time for construction of elaborate
emplacements, and concealment is the best protection. ‘The
simple, open emblacements buil{ under these conditions may
be concealed in a clump of bushes or in any small terrain
features. It is always well to prepare alternate emplace-
ments at least 100 yards apart laterally so that fire directed
on one will not destroy the other.

(c) Figure 92 illustrates a shallow, open emplacement con-
vertible into standing type for the 37-mm gun, M1918, similar
to the open type emplacement for the machine gun. In
this emplacement the gun may be traversed by means of
movement of the trail as well as by means of the traversing
mechanism., The emplacement allows with the traversing
mechanism an arc of fire of 90° which may be increased by
widening the rear part of the pit. The shallow emplacement
requires about 55 cubic feet of excavation. To convert the
shallow o the standing requires about 63 cubic feet additional
excavation,

(d) The 37-mm ontitank gun weighs about 950 pounds.
Its total crew consists of only 5 men. It cannot therefore
be moved quickly by hand from one empiacement to another,
especially over rough ground. For that reason it usually
will be fired without special emplacement and from an open
position taking maximum advantage of sight defilade. The
shield with which the gun is equipped offers some protection
to its crew. Figure 93 shows a type of emplacement which
might be used for the 37-mm antitank gun in exceptional cir-
cumstances such as in stabilized or semistabilized warfare.
This emplacement requires from 195 to 200 cubic feet of
excavation,

(8) Mortars—{a) The mortar being a high angle fire
weapon, natural concealment may often be obtained easily.
Fences, houses, woods, and ravines offer excellent conceal-
ment, Defiladed positions are the rule. The emplacements
should have naturaily covered approaches such as wooded
ravines in order that communications and supply of ammu-
nition may be maintained easily.
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(5 In mokile situations emplacements seldom are oecu-
pied for any great length of time. Preparation of the position
is usually limited to digging pits for the base plate. In
stabilized situations emplacements may be occupied for a
considerable length of time and should be made correspond-
ingly more complete, .

(¢) 81-mm.—The 81-mm mortar, being a battalion high
trajectory weapon, is usually located in the rear part of the
hattalion area. If suitable defiladed firing positions eannot
be found it will be necessary to prepare emplaéements. Fig-
ure 94 shows a typical emplacement. This emplacement re-
quires excavation of about 150 cubic feet, including that
necessary for ammunition niches. The crew squat in the
emplacement. :

CUT BACK ENOUGH'
TO PREVENT
INTERFERENCE WITH
SHELL

Fi6URE 94 —FEmplacement for 8l-mim mortar (smmunition niches
to be dug into side of pit).

(d) 60-mm.~—The 60-mm mortars of the front-line com-
panies are usually emplaced well forward in the battalion
area. Except in rough terrain they will usually require
emplacements. The 60-mm mortars of the unit in battalion
reserve are located farther to the rear. Emplacements will
be prepared for them if no suitable defiladed firing positions
can be found. Figure 95 shows a typical emplacement for
the mortar. The crew squat in the pit. The bottom of the
emplacement should be at least 3 feet below the ground
surface in order that the mortar shell may be inserted in
the muzzle without being exposed to the enemy. This em-
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placement requires excavation of ahout 60 cubic feet of earth,
including that necessary for ammunition niches.

(9) Command and observation posts, and aid stations.—
Tahle XXII gives approximate time and labor estimates for
these works. Plans for the same are not given as the nature
of the work will vary considerably depending on the terrain
features, material available, etc. The working parties and
man-hours given are the minimum required in order to
provide protection comparable to that given other elements
of the defense in a hasty organization of the ground. See
paragraphs 39e, and 64. For other types of command posts
see paragraphs 57e and 58/.

i i—

.- §—

Ficure 95 —Emplacement for 60-mm mortar (ammunition niches
to be dug into side of pit).

TaBLE XXIT.——Approximate time and labor estimates for
hasty works

Number of man-hatirs
XNum- in—
Work ber of
men

Soft | Average | Hard

s0il seil soil
Company eommand post, hasty. .. [, 2-3 12 15 21
Company chservution post, hasty. .. ... _. 2 7 10 12
Light 2-mean shelter intrench ... . . ___. . 207 10 12
Aid station, loeal, hasty________. 2-4 12 18 24
Rattalion gbservation post, hasty 2-4 1 15 20
Battalion command post, hasty_..___.__. e 816 50 75 100
Battalion aid station, basty .. .. ... .ooel_o.. 8-16 50 75 100

t For plans see {igure i25.
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e. Deliberate emplacements.—(1) General.—(a) Deliberate
emplacements are any which require considerable expenditure
of time, labor, and material for their construction. Such em-
placements may be of covered or gpen form. In the latter,
protection is provided for personnel in shelters separate from
the emplacement itself. The essential difference between
hasty and deliberate emplacements is that in the latter, actual
physical protection for personnel from fire is provided either
at the gun position or nearby, while in the former concealment,
generally is the principal dependence for protection. This does
not imply that concealment is not also of great importance in
deliberate emplacements. It is essential if for no other reason
than to secure maximum benefit from the surprise element.

(b) Because deliberate emplacements are constructed under
conditions where time, material, and labor are not the con-
trolling elements, it is possible to standardize on several types,
one of which or a combination of which will be found suitable
for almost every infantry weapon position. These types are
described in considerahle detail below. Reference should also
be made to section VIII

(2) Three grades of protection in covered emplacements,
with variations in each grade, might be provided (see par. 53
and table XXVI, section VIII, which give details of thickness
of protective materials required) :

(a) Splinterproof.—Proof against shrapnel, machine-gun
bullets, and small gplinters bhut not proof against light artillery
or 37-min gunfire. Can be provided easily. .

(b) Light shellproof—Proof agains{ shells from artillery
guns, howitzers, and mortars up tec and including 6-inch
(155-mm). Requires considerable time and special materials
for construction.

(c) Heavy shellproof—Proof against 8-inch (200-mm)
shell and against single hits of heavier shell. Requires great
expenditure of time, 1abor, and material. Provided only in a
protracted defense. '

(3) Machine-gun emplacement with splinterproof cover —
A simple type of machine-gun emplacement with splinterproof
cover for guns and crew, accommmodating a section of two
heavy machine guns, is shown in figure 96, This type may
be used in connection with existing trencheg or in an isolated
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position with or without concealed approaches. This emplace-
ment can be adapted readily to fire the light machine gun or
caliber .50 machine gun.

TasLe XXIIT.-—Material Iist and work date for two-gun
heavy machine-gun emplacement (fig. 96)

Ttem TUnit Quantity
Logs:

6-inch diameter, 8 feet long. ... . ...__.. R S - 24
4-inch diameter, 10 feet long__.____________.__ e 220
Poles, 2-inch dlameter, 6feet long . __ . _____ _.____ 1. 40
Timbers, 6 by 8 inches, 3 feet long. 4
Boards, 1 by 12 inches, 2 fegt long_ 5
Stakes, 12incheslong .. . 200
T-bases, standard ...l i 2
Corrugated iron or toofing paper__ 750
Camouflage material._.._____. e 1, 900
Sandbags . ____ 240
Wire. smnoth, No. 10.___.________ R 4 &00
Brush for revetting steps 1
Excavation ... ... .__ 1,500

Work: i
Excavation, 12men____.__ ... .. ... __.._ Hours.__._.._..._. 10
Revetting, roofing, ete., 12men__ ... ____._.___._ | ... doo. ... 14
Total, 12men____ .. __ S P do ... 24
Total man-hours __..___________________ RS 288
s-hour shifts, 12 men________. I IS 3

(4) Covered emplacements with shellproof protection.—(a)
General —Covered emplacements with shellproof protection
have the great advantages that the crew may remain at all
times in comparative safety at their battle positions and that
the gun 1s at all times ready to go instantly into action and
may even remaln in action during a barrage. Such emplace-
ments are also practically immune from attacks by tanks.
They are therefore desirable for important positions which
are to deliver the most essential defensive fire. They also
are especially suited to some forms of terrain. The masonry
pill box type for instance is suited to positions in woods and
villages and on hillsides where a limited field of fire suffices.
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Ficure 97 —Sectional plan and elevation, light shellprocf machine-
gun emplacement,

NotEes

Mix: 1: Z: 3 by volume.
Water cement ratio .90 by volume.

All reinforcement grids of 34-inch steel bars spaced 8 inches
¢ to ¢ in squares welded or wired together, welding preferred. Out-
side grids to be ptaced 6 inches from surface, inside grids 4 inches °
from surface.

Ties consisting of 4 strands of Jig~inch iron wire between two
surface grids with average spacing of 1 foot four inches in hoth
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directlons; stirrups of 5;-inch metal between inner front and
rear surface prids with average spacing 3 feet 0 inches horizontally
and 8 inches vertically.

Concrete faces not protected by earth or bursting courses may
be faced with Y -inch to 1-inch steel plates if attack by infantry
weapons at close range is anticipated.

The design should be regarded as typical and a guide for em-
placements to meet tactical needs of a locality. Adgitional firing
ports may be provided and shape of the emplacement modified.
Emplacements should be sited normally in groups for enfilading
fire and should be mutually supporting within groups.

The disadvantages of covered emblacements are that they re-
quire considerable time for their construction, they seldotn
can be constructed in near presence of the enemy, and it is
practically impossible to render them invisible in open terrain
to hostile observation. The view and the fleld of fire are also
necessarily greatly restricted. In order to reduce risk of
shell fragments or rifle hullets entering the embrasure the
field of fire is generally limited to about 60°.

(bY Light shellproof reinforced concrete—Figures 97, 98,
and 99 show an emplacement providing protection against
155-mm shells. A shelter of the same dimensions but without
loopholes may be used for sheltering two gun crews to operate
machine guns from nearby open emplacements., In this case
it should be lowered so as to be concealed more easily, and
the thickness of the floor may be reduced to 12 inches. Due
to the large amount of material and more or less elaborate
construction plant required, use of concrete emplacements is
restricted to positions not under direct observation of the
enemy and provided with good transportation facilities, pref-
erably near a railway line.

A minimum perjod of 2 weeks must be allowed for harden-
ing of portland cement so that the emplacement may be
considered effective, and 1 month for it to attain practically
full strength. High early strength cement atiains an effec-
tive strength in 24 hours. In soft ground in order to pre-
vent shells from penetrating and exploding under the fioor,
a course of broken rock as indicated in the figure, or con-
crete bursters (see fig. 121) should be placed protecting the
exposed sldes. The embrasure is fitted with & pair of armor
steel doors set in the concrete. The steel doors are sufficiently
thick to withstand armor-piercing caliber 50 machine-gun
fire. Table XXTIV gives material list and work data.
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TaBLE XXIV.—Material list and work data for light shell-
proof machine-gun and 37-mm gun emplacement (figs.

. 97, 98, 9%

Ttem Unit Quantity ‘(\;glngsr;t
Cement._____ e - Barrels (approxi- 143 26.8
mately 4 cubie
feet per barrel).
Band . Cubic yards__.__ - 43 53
Broken stone or gravel (for cement) _._._.|_..__ [0 I 84. 5 88
WateT . e e eme e Gallons. ____...___ 3,800 16
{(approxi-
mately)
I-beams, 6-inch_ ... oo __._ Pieces § feet § 24 L7
inches long.
Round iron bars for reinforcing grids | Lincar feet .. __. 6, 900 3.8
B&inch.
Tron wire for stirrups, 3e-dinch_ ... [ P A0 e 1, 800 .08
Angles for embrasure cornet armor- ... .|.____ A0ee 82 .40
3 each 4 by 4 by ¥e inch by 6 fect 4
inches,
1 each 4 by 4 by % inch by & feet
8 inches.
2 ench 4 by 4 by %{e inch by 2 feet
114 inches.
2 each 4 by 4 by ¥ inch by 1 fool
7 inches.
‘Wire mesh, 3¢-inch for ceiling and walls_ .| Square feet.._.____ 263 .20
Embrasure pancls complete, consisting [..._ ... mmcmmn 1 1.6
+ af— -
1 armor stecl plate 1 inch by 3 feef 6
inches by 5 feet 6 inches.
1 armor stecl plate 2 inches by 2 fect
10 inches hy 7 fect.
1 armor plate door 3 feet 214 inches by
1 foot 2% inches by 4 inches thick,
with hinges, door clamp assembly,
and part cover assembly.
6 angles 2 by 2 by 44 inch by 914
inches long.
Steel door for port complete, consisting 1 .35

of—
1 steci plate 2 fcet 6 inches by 6 fees
by 1inch thick,
2angles 2 by 2 by ¥4 inch by 5 fect
6 inches,
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'TaBLE XXIV.—Material list end work data for light shellproof
machine-gun and 37-mm gun emplacement (figs. 97, 98,

99) —Continued

Sieel deor for port, complete, consisting
of—Continued.
2 angles 2 by 2 by 3§ inch by 2 feet._.
1 port covet assembly and cap___...__
2hinges 4 by 6 by 45 ineh thick__.__ .
1 lock bar 1% by 36 inch by 1 foat 3
inches,
Door hook, hasp and hoek, hinge
bolts.
Cover for periscope hole complote, con-
sisting of—
1 plate 11 by 11 inches by 114 inches
thick.
I plate 11 by 11 inches by % inch
thick.
1round rod ¥ ineh by 3 feet long
Broken stone for burster course
Lumber:
For forms:
2-ineh_ .
2by 6inch._
2by 4ineh.
2by 2inch. _
1 by 12 inch
1hy6inch .ol coe o ome ool
1by4inch_ __.
For tripod mount:
4bydinch _ ...
1by ainch__
2by6inch. .. __
Tie wire, No. 9 gage for forms_ ... __..__
Nuils:
Rixteenpenny-_________ P
Twentypenny
Total weight {approximately) ...
Excavation:
Emplacement . . .. . ...
Burster course |
Volume of conerete. .
Backfill

Unit

Quantity

Weight
(tons}

Square yards.

Square feet .. ____
Linear feet

165
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TABLE XXIV.—Materigl list and work data for light shellproof
machine-gun and 37-mm gun emplacement (figs. 97, 98,
§9) —Continued

Item Unit Quantity ‘Xg‘lfs‘;t
Work:
Exeavationand fidlo __ ... ___________. Man-hours__._..__ 320
Erecting forms, placing burster [ _. [V I . 350
course, etc.
Conerete, placing reinforeing, mixing, |_...- {1V S 450

placing, and stripping forms.

Tatal R | T 1,120
Total, 8-hour ehifts, 20 men.___.__[ . . ___. 7

Period for hardening {minimum):
Portland cement.. .. ... Days oo e 14
High early strength cement. .. _.____ Hours - . .- 24

(5) Additional types.—(a) Figure 100 shows a light shell-
proof emplacement connected with an underground sheiter.

(%) Figure 101 shows a machine-gun emplacement ingide
a ruined house.

{¢) Protection and concealment for covered emplacements
may be ghtained in a variety of ways, depending on proximity
of the enemy, local resources in material, and amount of
labor available.

f. Ventilation of covered emplacements—Ventilation of
covered emplacements is most important due to the gquanti-
ties of carbon monoxide liberated during firing of machine
guns. The gas is highly toxic, odorless, and colorless. Venti-
lation of covered machine-gun emplacements in order to free
them of this gas takes precedence over protection against
enemy gas. It is desirable to have on hand in emplacements
difficult to ventilate by ordinary means a hand-operated port-
able blower similar to that on a hlacksmith’s forge. In addi-
tion a gas curtain placed between the muzzle of the gun and
the firer will exclude a large proportion of the gas.

A removable metal sleeve slightiy larger than the jacket
of the gun may be made to fit over the outside of the barrel
and jacket and to project a few inches beyond the muzzle.
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It is not necessary that this sleeve project outside the loop-
hole. Action is that firing of the gun causes a vacuum inside
the sleeve which drawsin air from the rear. The powerful
forward blast of air so caused blows all gases out of the
Ioophole. TUse of this device has been found highly satisfac-
tory in exclusion of gases. It should always be provided
when thickness of walls of the emplacement is such as to
make it difficult or even impossible to project the mugzzle of.
the gun outside the edge of the loophole.

g. Time and labor estimates for emplacements—See table
XXV below.

TABLE XXV.—Time and labor estimales for emplacements,
using pioneer tools

Cubic feet | M80- .
Emplacemeat ; hours ! Reference in
ér‘]"g"d;ti"n Cﬁgﬂ?ﬂ&“ (B]lrllgt;g;ti- this manual Remarks
Automatie rifle .. .._ ] 37 __._.__ Wétod | Fig. 87.._____
Machine gun:
Light:
Shallow_ ... 15 . .. YWtel ... | Fig.ol __ _.._.
Standing------_ 85 .. .. Stol0. __. Fig. 61 .____
Heavy:
Bhallow_.._-_..| 60_._______ 3to7 ... | Fig. 89__.____.
Standing...-.. 120, ... Ttol32._ | Fig.o0___.____
Caliber .50:
Shallow......._ oo ... 3% to9 ___| Par. 48d (6)___
Standing... - 11800 L. 91018 ___ ... dn. ...
Splinterproof, ... 288 .| Fig.96.______ Material at site.
double.
Reinforced com- |- ___.____._ 1,120-_.._.{ Figs. 97, 98, 90_ Te.
crete,
37-1mm grin.
Mi916:
Shallow_._.__ .. .1 I s ta b | Fig. 92 .. ____.
Standing....-..| 118 . ___. Ttol1d . | Fig. 92__..____
Antitank_.________} 17510200, [ 10 to24.___| Fig 93 ____
Moartar:
8l-mm- . oo | B80. .. __ Stol18 | Fig. 4 _____
G0mm ... L4 T 310 T Fig. 9. ..

L First figure Is for soft earth, the second for hard varth.
i Doxs not Include revetments.
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h. Drainage—~—Every effort is made to exclude surface water
and seepage from emplacements and water that enters must
be removed. The means and methods described in para-
graphs 36 and 59 are applicable directly or with proper
adaptations to drainage of emplacements.

H 49. ARTILLERY.—¢, References—Detailed information is
contained in FM 4-5, and in the appropriate Field Artillery
Field Manuals.

b. Sunken balieries—(1) Artillery emplacements may be
distinguished according to their construction as surface or
sunken; surface if the area on which the piece rests is on the
same level as the ground surface, and sunken if below it.

(2) Ease of gaining protection is an advantage of sunken
e¢mplacements. When the carriage is lowered the undis-
turbed earth around the excavation gives cover to the men
at the piece. Parapets around the emplacements are, easily
built and give additional cover. Camouflage nets may be
lower which decreases chance of detection of the position.
Advantages of sunken emplacements can be secured for
howitzers because of their high angle of fire more readily
than for guns.

(3) Disadvantages of sunken batteries are time required
to dig the emplacement, difficulty of draining the pit, and
loss in mobility. For light artillery the pieces are seldom
dug in except in deliberate positions. Ordinarily there is not
sufficlent time to sink the pieces before opening fire and
the batteries must be prepared for rapid displacement. The
difficulty of removing artillery from a sunken emplacement
can be partly overcome by construction of a ramp leading’
from the gun pit.

(4) The depth to which a pieceé may be lowered depends
on height of axis of the bore, lowest angle of elevation, and
nature of the goil. 'The 75-mm gun may be sunk 2 feet
6 inches without interfering with firing of the piece. The
depth of pit for the 155-mm howitzer depends largely on
nature of the ground. Al pits must be drained and in wet
ground or low places this may present difficulties. Unless
satisfactory arrangements can be made to keep surface and
ground water out of the pits, they are not constructed. The
155-mm gun, which has a split trail, requires a recoil pit
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approximately 2 feet 6 inches deep for high angle fire. These
characteristics in addition to the great weight and difficulty
of maneuver preclude lowering this gun below the ground sur-
face. Emplacement of the 240-mm howitzer requires excava-
tion of a large pit for its platform which is located at the
center of a cleared level space. It is therefore impracticable
to sink the upper level of the platform below the ground
surface.

(5) The 75-mm gun in a sunken position and with para-
pets is shown in figure 102 (1) and . As shown in (& an
embrasure is cut in the ground surface to permit further
lowering the piece. This embrasure and all excavated ma-

ekl T
TN sore 1ons

@ With embrasure,

FIGURE 102~—75-mm gun in sunken position.

terial must be included under the camouflage net or other-
wise concealed. Before deciding upon the depth of the pit,
it must be ascertained whether the embrasure will require
an excessive amount of work or extend too great a distance
in front of the gun. 'The platform for the piece slhiould not
be given 1ts final depth until the embrasure is completed.
Where no embrasure is to be cut, depth of the pit is readily
obtained from height of the bore and elevation of the
piece. In all sunken batteries a suitable ramp leads to the
platform for the piece. Slope of this ramp is approXimately
1 vertical to 5 horizontal.
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(6} Small banks, particularly those along roads, afford
protection to artillery pieces by digging an emplacement in
the bank. The use of a ramp is obviated in this case as the
level of the floor of the emplacement may be made the same
as the adjacent road or surrounding ground. See figures
103, 104, and 1056. Note ammunition recesses made in side
of emplacement,

¢. Trenches for cannoneers—(1) As soon as possible after
occupation of a position or prior to occupation when the
situation permits, work is started on narrow slit trenches for
the cannoneers. These trenches may be dug between inter-
vals of firlng or at the first available opportunity.

(2) The trenches are so sited that the men at the piece
can enter the frenches promptly and also be ready to return
to their action positions at a moment’s notice. They are
as close to the cannon as service of the piece will permit,
Care is taken when the trenches are dug that they will not
later interfere with the trail when directlon of laying is
changed. A sufficient bank of solid ground is left between
the trail and the trench to sustain thrust of the trail. Nor-
mally a short trench is constructed on each side of the piece.
These are offset if possible so that a single hit may not
enfilade both trenches.

(3) Dimensions for these trenches can only be approxi-
mated as each case must be considered separately. Too
many features enter into consideration to permit any stand-
ard. In general, trenches are as narrow as will permit a
man to enter, and each trench is long enough to contain
half the section. A trench 2 feet ¢ inches wide and 12 feet
iong fuifills these requirements for the 75-mm gun or the
155-mm howitzer. A slightly longer trench is required for
the 155-mm gun or 240-mm howiizer. Locations and dimen-
sions for trenches are shown in figures 106, 107, and 108.
The figures simply show plans that will work under certain
conditions. Earth excavated from the trench is thrown up
to form a parapet around the trench. This decreases amount
of excavation but does not give as good protection as may be
obtained if the trench is made deep enough te give desired
cover without a parapet. Capacity of the soil to stand up
in the trench walls and facilities for drainage frequently

262375°—40——13 189
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determine which method may be adopted. Should it be
found necessary, the french may he braced as shown in
figure 26.

d. Parapets—(1) After the piece is in firing position and
the narrow trenches have been dug for the cannoneers, para-
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Ficure 106 —Emplacement for 78-mm gun (French 75-mm, high
speed rubber-tired wheels).

pets are thrown up around the piece or piece and caisson to
protect mateériel and personnel. In addition to giving actual
cover the parapet gives the men a greater sense of security
and has a certain mora}l effect that increases efficiency of
the cannoneers under fire,
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- (2) Location and size of the parapet depend largely on
ground, tactical situation, and type of piece. The parapet
is as close to the piece as will permit necessary movement at
the emplacement. The inner slope is close to the piece
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Fisurg 107—FEmplacement for 155-mm  howitzer, M1918 (high
speed).
wheels. Height of the parapet is such as to give maximum
cover to the cannoneers, not less than 4 feet, approximately
height of the wheels. For compiete cover the height is 6 feet
6 inches ghove the platform or surface on which the carriage
rests,
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(3) When lower angles of fire are used for a gun an open-
ing may be left in the parapet, the width of which is depend-
ent on traverse necessary. The parapet is made splinter-
proof, requiring thickness at the top of at least 2 feet 6 inches.
A greater thickness is ohtained whenever possible.
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Seclion A-D
Ficure 108 —Emplacement for 155-mm gun.

(4) Earth is not horrowed close to the foot of the exterior
siope since future enlargement of the parapet may bhe de-
sirable. Unless revetted, the exterior slope should not he
steeper than 1 on 1.

(5) Parapets erected around surface batteries are shown
in Figures 106, 107, and 108. Location and dimensions of the
elements shown in these figures are given as a guide and not
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as & standard. With necessary modifications in shape and
dimensions similar emplacements can be constructed for all
types and models of weapons. In a deliberate type of defense
the caisson is not included within the parapet. Also in this
case, when the nature of the ground permits, the piece may
be sunken to give cover without building up the parapet. In
all cases precautions gre taken te conceal the position before
any work is done. It is useless to coniceal a position which
has been built within view of the enemy.

{6) If the space occupied by the piece and caisson is exca-
vated to a depth of approximately 114 feet, sufficient earth
is obtained te construct the parapet to give 4 feet of cover.
This methed usually reduces difficulties of concealment.

e. Concrete emplacement for 155-mm guns—{1) A special
case arises in permanent emplacement of tractor-drawn ar-
tillery for fire at naval targets. The principal consideration
in such cases is to get a wider {raverse than 60°. The guns
are placed on concrete foundations on which there is a cen-
tral platform, an annular recoil pit, and a 180° traversing
circle for the trails as shown in figure 109. Wheel shoes and
spades are removed and spades replaced by steel guide plates
bolted to the trails. These plates fit over the curved railroad
iren which is imbedded in the semicircle of reinforced con-
crete and which is anchered by steel hocks. A steel curb band
surrounds the raised concrete inner circle and serves as a
guide for the wheels of the carriage, thus preventing the trail
pilates from binding on the guide rail in traversing, The
guide rail and curb band are kept lubricated and the trails
moved by hand as necessary. The gun is traversed in the
normal manner, the trails being moved only when necessary
to keep the target within the 60° traverse limit of the gun.
Mobility of the gun remains the same.

(2) Slit trenches for the protection of personnel manning
a gun on this type of emplacement must of course be placed
outside the concrete semicircle. A parapet having its inside
wall along the diameter of the semicircle may be erected
and continued around the sides and rear of the emplacement
50 as te include the slit trenches. An embrasure must be
left in the front large encugh to permit the piece to be fired
from all positions througheut tts 180° of traverse,
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f. Platforms.—~(1) Platforms built to support wheels of the
mount have certain advantages, They—

(g} Insure stability of the piece,

(B Facilitate a change in direction.

(e) Facilitate adjustment of fire,

(d) Increase accuracy of fire,
They are indispensable in soft or muddy ground and are
usually constructed when a position is occupied for any con-
tinued period. The platform is a deck or floor on which the
piece may be worked easily; it must be sufficiently stiff to
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FI1GURE 109.—155-mm gun on permanent emplacement.

resist shock of firing and of such a nature that it can be
repaired readily if damaged, Because of the loads to be han-
dled and the necessarily confined space in which the person-
nel must work, the ground soon becomes mud in bad weather
and makes additional labor for the cannoneers. The ground
around the platforms should therefore be well drained, and
if opportunities offer, the entire surface of the emplacement
decked or floored.

(2) In hasty position, if platforms are used they are im-
provised from materials found at the site or immediately
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available. Brush, logs, planks, or broken stone can be used
for this purpose. An improvised log platform may be con-
structed quickly by burying three or four sills in the ground
parallel to direction of fire and laying a row of logs upon
thern at right angles. ‘They can be held in place by wiring
or spiking the top layer to the sills or by covering the entire
platform with about 6 inches of earth (fig., 1100, In any
case, the completed platform should not be higher than the
ground on either side of it. 1if broken stone is available, a
better bearing surface for the gun may be made by excavat-
ing and filling with stone,

(3) In deliberate positions wooden platforms are construeted
and may be made of standard dimensioned timber obtained
from the supply service. Due to their weight it is not feasible

Fieure 110 —Improvised 1og platform.

to have the platforms made up in the rear and brought forward
assembled. Concrete platforms are not recommended far
pieces not specially designed to be fired from concrete bases
as they are not sufficiently resilient to take up the shock of the
recoil without injury to the piece. Wooden platforms are
simple in design, made of standard size lumber, and sufliclently
strong to support the weight. It is desirable to make them
large enough to provide space for the men loading the piece.

(4) The 75-mm gun vletform shown in figure 111 consists
of sills, posts, and deck. It is given as a guide for construction
of similar platforms to accommodate the various types and
models of field artillery, it being necessary only to vary the size
of the platform for the particular weapon.
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SEGTION aA
PFregure 111 —Platform for 75-mm gun.

Material list

Description Size ggﬁb:é
4bhy4inchesbydfeet. . .. 8

_| 3 by 8 inches by 6 feet 8 inches.__ b4

3by8inches by ¢ feet o _ 10

(5) A platform will seldom be required for the 155-mm
gun. Wheel supports or separate large timber blocks will be
all that are necessary except under the most unfavorable
soil conditions. Under certain conditions large timber blocks
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placed under the wheels suffice. By use of these less digging
is involved both for the recoil pit and in the use of jacks
than when the piece rests on the wheels or track shoes
alone. Moreover, the gun can be placed in position in slightly
less time. 'The specially prepared wheel support is made .
of two runners wide enough to give full bearing to the wheels,
strong enough to support the load, and braced to prevent
twisting or movement out of line (see fig. 112).

Material list

: Number
Description Size Tequired
Crosspieces. .. _._. 3 by Binches by 8feet 7inches. . .. o . ... 5
Runners_.._..._____. I4 by 14 Inches by Idfeet .. .. 2
Bols_ ..o 16 by 15 Inehes oo 12

g. Trail supports—(1) A trench for the trail spade of the
75-mm gun or the 155-mm howitzer is dug immediately upon
occupation of the position. For continuous firing additional
support must be given spades. The trail supports prevent
displacement in traversing, assist in shifting the trail, and
facilitate rapid change of target.

(2) In a hasty position, the support eonsists of a Iog or
timber set in the earth behind the spade to distribute the
force of the recoil transmitted through the trail. A log
at least 6§ inches in diameter and 4 feet long should be used
for the 75~-mm gun; it is held in place by a strong picket
near each end. The bottom of the log is at least 1 foot below
the ground surface. Broken stone or similar material placed
in rear of the log will assist in holding it in position., A
support built of sandbags will hold for a limited time pro-
vided the spade does not rest directly against the bags. A
fascine used in place of the log will adjust itself to the spade
and give a better cushion. For the 155-mm howitzer a log at
least 8 inches in diameter and 6 feet long is used. Due to
the heavy blow delivered by the spade the log must be
held firmly in place by strong pickets and a cushion of
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Figore 112 —Wheel support for 155-mm gun.
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broken stone or similar material placed in rear of the log.
Sandbags are of little use for the trail of this howitzer.

(3) In a deliberate position, particularly where platfornis
are used, a more permanent support is built, Such a trail
support for the 75-mm gun made of 8- by 10-inch timbers
and 4 by 4 posts is shown in figure 113. The timbers are cut
to shape in rear areas and furnished as shown in the figure.

yit '
Woo«fen Block wired rg soade

Wm% 7 > .I::?P;.gdéﬂ =
== T L - bgg,gg

Section A-11

Frourg 113.~—Trail support for 75-mm gun.

A wooden block shaped to the arc of travel is fastened to
the spade. The timber supports are held in place by stakes
and by a backing of broken stone in a trench, When in-
creased ranges and high angle fire are required, an additional
trail support is constructed in a similar manner inside of
and lower than that shown in figure 113. The depth below
the surface depends on elevation to which the gun is to be
raised, If no dimension timber is available, a support of this
type may be built of fascines and 3- or 4-inch round pickets.
‘The fascines are cut to 4-foot lengths. No wooden block
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will be required on the spade when fascines are used. The
trench for the fascine is dug deeper than for the timber
because the fascine is more difficult to keep in place.

(4) A trail support similar to that described above may
be used for the 155-mm howitzer; 12- hy 12-inch timbers
are used and preferably braced to other timbers set in a
trench dug 2 or 3 feet in rear. The timber is cut gn a 12-foot
arc. A wooden bhlock 8 by 18 inches and 2 feet 10 inches
long is fastened to the spade as shown in figure 114. When
additional supports are placed in rear of the trail circle the
space between the two is filled with broken stone, brick, or

I | 85 e PHO" wired
e m:f_—g’%:{\ 1o spade
v ez ’

Section A4
FiguRe 114 —Concrete trail support for 155-mm howitzer,

similar material. When fastines are used, one laid in front
and one in rear of the spade will prevent the trail from
burying itself.

(b) A concrete trail support for the 1556-mm howitzer is
illustrated in figure 114. Concrete trail supports are only
practicable in situations where the position c¢an be prepared
some time in advance of occupancy.

() The 155-mm gun generally requires no additional
support for the trail beyond that afforded by the ground
itself. In wet or soft ground or for continuous firing from
one emplacement additional support may be required. This
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can be provided easily by placing a large Iog or timber under
the shoe normal to the trail. The timber preferably should
be about 12 inches sguare in séction and 12 feet long, extend-
ing 6 feet on each side of the center of the trail, and placed
flush with the ground surface. If smaller timbers or logs are
to be used, they are placed one on top of the other in a trench
of the proper depth.
. Drainage—See paragraphs 36, 48h, and 58.

W 50. ANTIAIRCRAFT MATERIEL.—a. Concealment and camou-
flage will provide the most effective protection for antiaircraft
guns, searchlights, power plants, and accessories, When in
firing and operating positions, antiaircraft matériel is some-
times difficult to conceal and, whenever the situation permits,
protection for matériel and personnel will be provided. This
will normmally consist of sunken emplacements or parapets
built up around the unit of matériel or perhaps a combination
of the two. In the case of parapets splinterproof protection
should be provided as a2 minimum. Suggestions for such
protection are given below. These suggestions should not
be considered as definite methods for the various units of
matériel shown since field conditions will require modi-
flcations or changes for each case. Dimensions shown will
not necessarily be correct for all equipment but are given
with the idea of providing minimum protection without lmnt—
ing capabilities of the matériel.

. The most effective protection for searchlights agalnst
enemy gunfire or air attack is afforded by concealment of
the lights when not in action, and by concealment of the
power plants. Mobile lights should be kept in concealed
positions during daylight hours, and their operating positions
should be changed frequently. When the time is available
a limited amount of protection should be provided for matériel
and personnel by digeging circular pits or erecting parapets
of such depth or height, respectively, as will not interfere
with the beam or obstruct the field of view in any direction.
Mohile power plants for searchlights should be located in a
wood, ravine, or other depression, and defiladed from enemy
fire., The distance between the light and the power plant
showld pe the maximum consistent with length of the eable.
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. \ COMMUNICATION TRENGH
\ ‘= FROM SLIT TRENCH

AMMUNITION DUGOUT
6'x6'x4’ DEEP

SANDBAG PARAPET
« 5% HIGH

GUN PLATFORM AT
GROUND LEVEL

- 7

N

4
QUTRIGGER

Tigure 115.—Protection for 3-lnch antiaircraft gun (average outside
dimensions for tcamouflage purposes).
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¢. Figure 115 shows parapet protection for the 3-inch anti-
aircraft gun mount, M-2. The parapet consists of sandbags
placed alternately as stringers and headers with total thick-
ness of parapet being one header and one stringer or 29
inches. For other mounts the parapet would be placed
approximately 3 feet outside of the gun platform. The height
of parapet is regulated by the height of the trunnion and may

-— QUTRIGGER

“~PARAPET 2} FT. HIGH

FicurE 116,—Protection for 37-mm automatic cannon (AA) (average
gutside dimensions for camouflage purposes).
be increased when field of fire is limited, Gun platform may
be solid, leveled ground, with or without a layer of gravel or
crushed rock, or a platform of 3- by 8-inch plank (or other
heavy plank) may be constructed, Slit trench near the gun
for full crew of 20 men would be provided with communica-
tion trench to the gun only when on permanent defense in
rear areas,
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d. For complete details see FM 4-105.

e. . Pigure 116 shows similar parapet protection for 37-mm
automatic cannon (AA). The height of the parapet is hased
on trunnion height of 33 inches. The height of the parapet
may be increased when field of fire is limited but must always
permit maximum possible field of fire. No slit trenches or

D ]

—
™SLIT TRENCH FOR
OPERATOR

““PARAPET 3FT. HIGH
Ficure 117.—Protection for antiaircraft searchlight (average outside
dimensions for camouflage purposes).

communication trenches are provided as camouflage must he
chief protection. Wheel supports may he provided in wet
or soft soil.

f. Figure 117 shows similar parapet protection for anti-
airerafi searchlights. The parapet height of 3 feet permits
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10° elevation and this height of parapet may be increased
when fleld of fire is limited. Wheel supborts may be provided
in wet or soft soil. One-man slit trench alongside light for
operator is shown.

DIRECTOR

DI#EGT'OR /%Z g ; ; ; ; ;
7

Freure 118 --Protection for director, gun battery (ramp or other
meals of emplacing instruments are not shown) .

g. Suggestions for protection of other matériel are as
follows:

(1) Searchlight unit.—(g) Control station—Dig circular
pit about 215 feet in diameter and 4 feet deep.

262375°—40——14 205
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(b) Power plant.—Can usually use natural defilade, When
necessary a sandbag parapet to height of plant should be
constructed.

(c) Sound locator —Build gsandbag parapet to level of bot-
tom of lowest horn and just large enough to permit efficient
operation. Slit trench nearby for crew of 4 men,

(2) Director, gun battery.—Exact dimensions cannot he
given, Dig circular pit large enough to allow efficient opera-
tion and deep enough to bury director but enabling sight (lo-

TRAGKER'S SIGHTS

(s
o

Wl % %

Figure 119—Protection for height finder, gun battery (ramp or
other means of emplacing instruments are not shown),

N

cated on top of director) to function at zero elevation. See
figure 118.

(3) Height finder, gun batlery—Exact dimensions cannot
be given. Dig circular pit for tripod just deep enough to allow
tube to rotate freely above ground and just large enough to
allow azimuth and elevation trackers to operate in pit. See
figure 119, .

h. Drainage —See paragraphs 36, 48k, and 59.

SeECcTION VIII
PROTECTED SHELTERS

B 51. CLASSIFICATION.—. Based on degree of protection.—
Protected shelters in rear areas for protection against aerial
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bombardment are necessary. An indication of degree of pro-
tection necessary against airplane bombs is given in paragraph
29. However, sufficlent experimental data and experience are
not available on this subject to state that a particular airplane
bomb requires the same degree of protection as a certain artil-
lery projectile. Therefore protected shelters are classified
according to degree of protection they afford against artillery
projectiles, as—

(1) Splinterproof shelters protect against rifle and ma-
chine-gun fire, splinters of high-explosive shell, and grenades,
but not against direct hits by 3-inch shells. They require only
that an overhead cover of compact earth of about 1 foot in
thickness (or its equivalent in other materlal) be securely
supported. When these shelters are numerous and are care-
fully located, casualties may be greatly reduced.

(2) Light shelters protect against direct hits and in some
cases against a continued bombardment by 3-inch shelis,

(3) Light shelliproof shelters protect against continuous
bombardment by all shells up to and including 6-inch,

(4> Heavy shellproof shelters protect against continuous
bombardment by at least 8-inch shells. Some types may be
proof against larger shells or against all types of artillery fire.

b, Based on method of construction.—Shelters may fur-
ther be classified according to method of construction which
depends on character of the ground, materials available, and
protection required as—

(1) Surface~—These structures or at least the greater por-
tion of them are built at or above the surface of the ground.
This type has maximum observation and exit facility and
requires a minimum of Iabor; on the other hand, it is rela-
tively consplcuous, requires considerable cover material, and
provides the least protection, Shelter of this type s seldom
used for protection of personnel in advanced lines unless it
can be concealed in woods, on a steep reverse slope, or among
the buildings of a village, or unless the underground water
level is so close to the surface that the cut-and-cover type
cannot be used. However, one exception to this rule may be
the reinforced concrete shelter though this type often ap-
proaches cut-and-cover construction. Light shelters con-
sisting of almost any type of small improvised shed covered
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with a layer of earth may be used for protection of ammu-
nition and stores. These shelters should be of small capacity,
well dispersed, and carefully concealed,

(2) Cut-end-cover—{a) This type consists of an open
excavation in which framework for the shelter is placed, after
which the excavation igs backfilled around and over the
framework to the level of the original surface, or somewhat
ahove. To increase resisting power of overhead cover con-
crete, steel beams, hroken stone, and other materials of high
resistance to penetration are used in roof construction. It is
a type intermediate between the surface and the cave shelter.

(b) Comparing it with the cave, the cut-and-cover shelter
is adapted for use as dressing stations hecause it is easily
cleaned, is well ventilated and lighted, and facilitates ready
admigsion and evacuation of -casualties. Cut-and-cover
shelters are generally more quickly constructed but require
much larger quantitles of material than cave shelters. They
do not resist intensive shelling as well and are more difficult
to conceal than cave.

(¢) When surface and underground water or hardness of
underlying rock makes construction of cave shelters imprac-
ticable, cut-and-cover shelters may be used. They are also
used where need for rapidity of exit prohibits use of cave
shelters {(as in important machine-gun sheiters in or near
the front line), in wooded areas or in buildings where con-
cealment is easy and where ample material is available, and
in situations requiring immediate shelter which can be most
quickly obtained by this type.

(d) A cut-and-cover shelter providing protection against
6-inch shell does not usually present great difficulties, but
it is generally impracticable to attempt to gain protection
by cut-and-cover methods againgt: heavier shell without
constructing the shelters partially or entirely of concrete.

(3) Concrete shelfers.—With adequate plant and materials
for aggregate and for forms, protection may be obtained
by either surface or cut-and-cover methods by construction
of concrete shelters.

(4) Cave shelters—(a) Cave shelters are constructed en-
tirely helow the surface of the ground by mining methods
and have a ¢over of undisturbed or virgin earth. They are
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the least conspicuous of all types, afford maximum protec-
tion before the shelter can be completed, and require a
minimum of material. They have the disadvantages of
limiting observation, unsatisfactory living conditions, diffi-
cult exit, and difficult drainage and ventilation.

(b) It is difficult if not impossible to increase overhead
protection of these shelters after completion since protection
depends upon depth at which the chamber is built. For
this reason it is important not to underestimate amount of
protection needed when the depth is determined. On the
other hand, it is equally important not to overestimate
amount of protection needed because of time, labor, and
material involved in going to unnecessary depths.

B 52. CHoicE oF TypE—The type adopted should be suitable
to the situation; each selection is a separate and distinct
problem. The more important considerations are—

a. Tactical considerations and rvequirements.—(1l) The
orimary purpose of a protected shelter is to permit troops
to remain at or very near their combat positions in com-
parative safety during hostile bombardment. Therefore use
and degree of protection necessary are usually the most
important tactical considerations.

(2) The terrain should be considered with especial refer-
ence to slope and its effect on type of entrances and rapidity
with which overhead cover can be gained and the disposal
of spoil. The eXistence of wooded areas and buildings which
provide materials and facilitate concealment should also in-
fluence the decision, Reverse slope positions are difficult
for artillery to hit and are usually drained easily.

(3) Location.—(a) Shelters should be near the combat
or assembly positions of troops occupying them. This rule
of the utmost importance near the front is of relatively less
importance toward the rear,

(b) Facilities for cover and concealment afforded by ter-
rain influence the location of shelters. Steep reverse slopes,
quarries, etc., can be prepared to afford excellent shelter
with comparatively little labor. Every advantage should be
taken of any natural shelter in the locality, tactical con-
siderations permitting,
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(4) Concealment.—(a) It is important that location and
number of shelters be concealed from hostile air and ground
observation.

(b) Surface shelters to be inconspicuous must be hidden
by existing features of terrain as in a wood or among
buildings in a village.

(¢) For concealment cut-and-cover shelters must be kept
low. The surface of the ground where disturbed must be
restored to its previous appearance, NeceSsary measures
must be taken to conceal the work while in progress.

(d) Cave shelters are the easiest to conceal, as they do
not disturb the natural surface of the ground. However,
it is difficult to dispose of the spoil without attracting
attention of the enemy.

(¢) It is very important during construction to conceal
all signs of activity. Construction materials and excavated
earth must be carefully camouflaged and strict camouflage
discipline demanded of the men carrying on the work.

() Conceslment is facilitated by placing the entrance to
a shelfer in a trench, thereby providing a protected outlet
and inlet and avoiding overground trails or footpaths.

(5) Observation—Shelters should if practicable be lo-
cated to afford necessary observation and be provided with
means of observation such as loopholes in a surface shelter
or a periscope in the roof of & cave shelter. The upper end
of the periscope should be camoufiaged.

{6) Priority order of construction —In the ideal case there
should be a sufficient number of shelters in a position to pro-
vide cover for the normal defensive garrison, but due to the
time and labor involved as well as other considerations, this
is generally impossible, Hence the question arises as to
priority for shelter construction. Order of priority depends
upon local conditions and cannot be stated definitely. In
general, machine guns, observation posts, and command per-
sonnel should receive first consideration.

(7) Application of types—(a) Due to time element and
construction difficulties, the light or splinterproof shelter is
the type usually employed during early stages of organiza-
tion of the ground in mobile warfare, Necessity for shelter
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becomes greater as a condition of stabilization develops and
details of the position become known to the enemy.

(b) Splinterproof shelters are desirable along ilmportant
communication trenches for protection of carrying parties,
reliefs, litter bearers, and ofhers who may be caught in a
bombardment.

(¢} Light shelters are of value in consolidating positions.

(d) In rear parts of the defended area, larger and deeper
shelters are both permissible and economical. These usually
accommodate one or {wo squads or a plafoon, but company
and even baitalion shelters may be used in certain cases.
They may be developed from the light or splinterproof
shelters constructed in emergency. Heavy shellproof and
cave shelters are used only in stabilized situations.

(8) Reguirements for shelter in advenced positions—(a)
Shelters in advanced lines should be—

1. Well distributed, placing the troops close to their
combat positions.

2. Constructed without going to great depths in order
to provide for ease of exit,

3. Provided with a direct and easy exit (even at some
sacrifice of cover).

4. Of small capacity (from 2 to 12 men).

5. Of a type that can be constructed rapidly.

6, Concealed as thoroughly as possible.

These requirements limit the type to the splinterproof or
the light shelter.

(b) Construction of light shelters is usually started by
Infantry holding the front lines. They are located in indi-
vidual rifle pits or in trenches resulting from organizing the
position. To prevent caving they are lined with logs or
timber, depending upon material available, They should
have at least 4 feet of cover.

(9) Requirements for shelters in rear positions.—sShelters
in rear positions may be larger and deeper than those at
the front. The occupants have more time to emerge after
warning of attack has been received, and can occupy -their
positions more deliberately. They can be given maximum
overhead cover in order to withstand bombardment of heavy
shells, giving troops occupying them necessary rest and feel-
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ing of seecurity. ‘These sheiters are huilt entirely helow
ground if underground water conditions permit. They are
carefully hidden from enemy aerial observation.. Depending
on the situation, construction of these shelters may be hy
engineers, other troops, civilians under military control,
civilian contractors, or any combination of these.

b. Technical considerations and requirements——<(1) The
stbsurface conditions, such as extent and eharacter of under-
lying rock, position and thickness of impervicus and water-
bearing strata, and amount of water to be controlled.

(2) Facilities goailable, including time, personnel, tools, ma-
terial, and transportation,

(3} Fuacilily of exit—In order that a shelter may perform
its proper function, it must provide means for rapid egress
of its occupants. 'This is particularly important in the case
of shelters located near the front where troops must be ahle
to make their exit and occupy their fighting positions after
encmy bombardment has ceased and before assault troops
enter defensive works.

(@) Facility of exit is secured by designing shelters of
small capacity, a minimum depth bhelow ground, and having
unrestricted entrances.

() Large shelters are provided with at least two entrances
and preferably with & third for emergency use. 'This sup-
plementary exit should emerge in a different trench from
the other two, or at least at some point well concealed or
camouflaged, permitting the garrison to escape and launch a
counterattack on an enemy attacking the main entrance.
Entrances should be spaced to aveid the danger of one ghell
burst, blocking two of them (a minimum of 40 feet apart and
separated by an angle in the trench). Large systems of cave
shelters should be constrycted to provide one entrance for
every 26 men.

(4) Drainage, veniilation, and gasproofing—(a) Drain-
age—In the case of surface shelters drainage presents few
difficulties, In the case of deep shelters it sometimes becomes
a complex problem which includes—

1. Exclusion of surface water from the entrance,
2. Exclusion of seepage from the interior,
3. Removal of water that has collected in the interior.
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For further details, see paragraph 59.

(b) Ventilation.—In surface or cut-and-cover shelters
ventilation presents no great problem, hut in the cave shelter
with its underground chambers it becomes of vital impor-
tance. Ventilation is provided by entrances and by open-
ings through the roof, all so equipped that they can he
closed to exclude gas, For further details see paragraphs
60, 61 and 62,

(¢) Guasproofing It should ke possible t0 make all shelters
and particularly those below ground gastight. A shelter not
in use should be sealed to exclude gas, otherwise casualties
may occur when it is again used. For details of gasproofing,
see paragraph 62.

W 53. Overngap CovER.—a. Thickness—Thickness of over-
head cover is governed by the—

(1) Character of covering material

(2) Artillery fire to be resisted.

(3) Arrangement of successive layers,

(4) Interior construction of the shelter.

b. Materials employed.—Materials for overhead cover fall
into two main classes:

(1) Virgin soil (in undisturbed condition) existing in the
case of cave shellers.—This is the best form of cover if suffi-
cient thickness can be provided, However, particularly in
soft ground, it may be reinforced by addition of a bursting
layer consisting of any of the following materials:

(a) Concrete slab bursters, described in d below.

(b) Broken stone or brick, layer at Ieast 18 inches thick.

(c) Layer of I-beams, reinforced concrete beams, or rails
set on edge and firmly wired together,

(2) Artificial substitutes used in all forms of cut-and-cover
and surfadce shelters—Artificial substitutes in addition to
earth are employed in construction of cut-and-cover and sur-
face shelters. Protection is usually secured by alternating
layers of various resisting materials, but to acquire a degree of
protection egual to that of the deepest cave shelters would
cause the mound to project too far above the ground and
would involve too great a quantity of material. Consequently
cut-and-cover and sutface shelters (other than those of con-
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crete) are designed for protection against calibers less than.
§ inches.

¢. Thickness of cover for varicus shells.—(1) Table XXVI
may be used for computing thickness ¢f cover required for
various shells under different ground conditions (see sec. I),

TapLE XXVI—Mintmum thickness in feet of overhead cover

Size of projectile, inches
&HTm
Nature af cover |\H 585
Shwil 3 4 i 8 w12 | 1w | 13
oH st
EE5E
;..ﬁ:)ﬂ‘—'
Reinforced concrste _ | ... - Lo 24) 3.4 50| 6.0F-__..0 7.0/ ... __
Masonry, sotid: Brick,
stone, plain concrete ... L5 86| 518§ 7.6 90| .| 1n0f.c____
Logs, 8-inch minimum J—
diameter wired_..___|-.--.-- 20 4850 esl1eo|rzo| o o |
—
Crushed stone__.__.___]-- [ 3.5F 8.4 1L0 205|210 . |- [ I
Tamped or packed
earth_ . ___._______._ L0 7.5 1180 1925.5 805 |cnceofearce|oceaas e
LToose earth___________ 30,100 52403401450 | .| .| ___
Cave shelters:
Sandstoneor granite 20| 60| 801003130 140170} 240
Softlimestone__ ___ 30| 46|10 |BO]N00]210]27.0| 360
Undisturbed earth 50)120]712.0] 250/ 30.0) 320 40.0 ] 48.0

Figures to the right of and below the heavy line are for shelters
that would nermally be constructed by cut-and-cover methods;
those to the left are normally for surface shelters. The dividing
line is not fixed as determination of type depends on location,
materials, and labor and time available,

(2) Figures in the table are for material of uniform char-
acter from top of the chamber to within a foot of the surface.
If a tamping layer of soft material overlies rock, total depth
from. surface to chamber roof must be increased by effective
depth of tamping layer.

d. Arrangement and number of layers~-(1) Strength of
overhead cover depends as much on manner in which various
layers of covering are arranged as on character of materials
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of which it is composed. Proper arrangement of layers is
shown in fizure 120.

(2) Component layers consist of the following:

(a) Bursting layers must be provided for all cut-and-cover
and surface shelters and over entrances to cave shelters to
cause force of the explosion to be expended upward due to
lack of tamping effect. They are effective against shells with
instantaneous and short-delay fuses. The bursting layer may
be made from any of the materials listed in ® above, should

<" TOGIE EARTH ARD CAMOVFIAGE .

5 CONCRETE BUGSTERS

LOOSE LARTH oD
TRMI’IO EARTH

BURSTING LAYER (EXrREMELY INPORTANT)

SHOCK ABSORBING CUSHION
VERY 1HPORTANT)

0" ntmrokceo conceere aun DISTRIBUTING LAYER.

z‘o mmo EARTH OR 7
noxtn srourm‘

SHOCK ASSORBING CUSHION

8:3'or o’

DISTRIBUTING LAYER,

SHOCK ABSORBING CUSHION

DISTRIBUTING LAYER

SROCK ABSOQBING CuSHIQR
EXTREMELY IMPORTANT]

SHELTER

STEENGTH EQUIVALENT 10
A7-Q" OF HARD DY VIRGIN EARTH.
PROCF AGAINST €' SHELL
FrourE 120.—Diagrammatic Section showing name, character, and
correct manner of placing succesgive layers of artificial cover.

be in the form of an umbrella, and should extend to a point
well beyond a line drawn tangent to the bottom edge of the
shelter at an angle of 45° to the vertical. Bursting layers
should be covered with not more than 9 inches of earth
which should preferably be sodded. This serves to conceal
the shelter, prevents flying splinters, and reduces disintegra-
tion of the burster layer by several hits in the same place.
Figure 121 shows details of standard reinforced concrete
burster,
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(b) Distributing layers of logs firmly wired together, steel
I-heams, rails, or concrete beams set on edge are essential
to distribute strain and to prevent penetration of shell frag-
ments. These layers are placed in accordance with principles
illustrated by the example in ¢5) below, Weight of overhead

et

| —E 7
L

Made inlenipths of Git 121 And JAfT.
Weight 38 "per 1Y,

For 60 peam [t Zdia.rod or "6wite:

R S S T S

- 50T 28 v -« = w .

Concrete Deam

Bursier Assembly

Weipht 145 *
291E of g dia rod ot *ewire

Concrete Burster
FiauyreE 121 —Standard reinforced conerete burster and beam,

cover is carried by the lowermost distributing layer which
rests on berms left in the natural scil, Thus weight of cover
and shock of explosion are transmitted to these berms rather
than to the interior framework. Details of standard rein-
forced concrete beams are shown in figure 121.
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(e) Shock-absorbing cushions are essential beneath the
bursting layer, over the top of the inner framework, and be-
tween the distributing layers. The one beneath the bursting
layer may be of loose or tamped earth, the others of tamped
earth or broken stone, except the one itnmediately above the
shelter which should be of tamped earth. Facines (see par.
37d) are sometimes substituted for tamped earth with satis-
factory results. The omission of these shock-ahsorbing cush-
ions is one of the most frequent causes of failure of cut-and-
cover shelters. The top and bottom cushions are the niost
vital and . ander no circumstances should they be omitted,

(3) Proper interior support is essential to secure the full
value of overhead cover. The clear span of the interior frame-
work must not exceed 6 feet 6 inches for cut-and-cover or 8
feet for cave shelters. The figures for cover are based on the
use of these spans and upon the use of standard size timbers
properly supported. If these are not used, the cover provided
if based on table XXVI may be insufficient,

(4) The shock or blow of the explosion strikes the stiff
distributing layer and is spread over the cushion; the latter
absorbs part of it and further spreads its effect before it strikes
the next distributing layer, where it is again spread over a
wider area until inally when the blow reaches the inner sheil
of the shelter chamber it is so distributed and absorbed as to
be sustained without rupture.

(5 An example of the computation for cover to protect
against 6-inch shell using several classes of material, similar
to that used in figure 120, is given. It is assumed that the
material available for cover consists of 8-inch diameter logs,
standard bursters and beams, and earth, the latter to be
tamped or packed. With the general number and arrange-
ment of layers determined, it is desired to find thickness
of earth that is to be distributed in the cover. From table
XXVI the total cover for tatnped earth zlone is 25.5 feet. Any
other material except loose earth reduces this figure by the
ratio of thickness used to thickness reguired if the material
were to be used alone. Thus reinforced conhcrete would be
required in thickness of 3.4 feet if used alone, but, 23 0.415 foot
only is used in one layer of concrete bursters, the iayer has a
value equivalent to é—?=12.2 percent of the total thickness
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for the material used alone. The following values ave used in

the above manner in computation of percentage equivalence

of the whole thickness for each material used, except earth:
2 layers standard concrete

heams_ __ . ___________. 0.83 foot thick {(or high)
1 layer standard concrete t,
bursters______-________. 415 foot thick ©
1 layer of 8-inch diameter :
logs. oo __ B8 foot thick
Then the percent of total cover allocable to these materials
iS—- 1y
Percent
Concrete beams _.__.._____ (0.83+34) X2= 43.8
Concrete hursters _________ 0415+34= 12.2
Logs. . 0.66--6.8= an
70.1
Percent of cover aliocable to tamped earth._____ 29.3
100.0

25.5X29.3 percent="17.5 feet or three layers of 2 feet and
one of 1% feet thick. .

e. Concrete as overhead cover.—(1) Concrete, either plain
or reinforced, is a. most effective shell-resisting material.

(2) 'There are apparent drawbacks to the use of concrete in
active warfare, but some may be more apvarent than real.
These drawbacks are—

(a) Too many workers concentrated in a small area.

(b)) Construction time is long when portland cement is
used.

()~ Cement at the front is likely to detericrate; it is neceg-
sary angd difficult to keep it dry.

(@) Due to interruptions, it is often impossible to obtain
a continuous pour ¢of concrete and a truly monoclithic shelter.

(3) Use of high early strength cement concrete in place of
standard portland cement reduces the construction time, and
is therefore especially suited to war construction hecause the
former attains about 75 percent of its full strength in 24 hours,
against 24 days for portland cement concrete; it also permits
work at relatively lower temperatures. The final forms
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(beams, slabs, etc.) may be removed if necessary about 30
hours after pouring high early strength cement concrete.

(4) Where amount of concrete to he poured is relatively
large and other conditions, as hostile interference and obser-
vation, do not control, concrete mixing should always be
done by power mixers if they can be obtained. The mixing
of concrete by machinery should be made the rule even in
small hatches of a few yards to reduce time of operation
and number of men necessary.

(5) Construction time includes the whole period of work
from commencement of labor to the time when the structure
becomes effective for use. The factor of transportation of
materials may have a delaying effect if amounts required are
excessive. Comparing shelters of equal capacity and re-
sistance, necessary transportation for materials for a con-
crete shelter is in most cases considerably less than for a
shelter constructed of lumber, logs, rails, concrete beams, and
crushed stone.

(8) Existing conditions may cause cement to deteriorate.
The ability to protect cement from deterioration increases
in proportion to the distance from the front line.

(‘1) Liability to interruptions in pouring increases in direct
proportion to proximity to the front line. The shortened
period of construction due to use of machinery on a well-
coordinated jobh lessens importance of this drawback.

M 54. STaNDARD CONSTRUCTION MATERIALS.—a. Genergl—EX-
perience has developed standard materials for use in the
construction of protected shelters which are distributed by
engincer agencies. Their use results in economy of material
and labor. The construction materials described are given
as a guide for establishing standard materials. Standard
reinforced concrete beams and bursters have already been
described in paragraph 53 and figure 121.

b. Timbers—Cases will often occcur where round timbers
cut near the site will have to be used in lieu of dimensioned
lumber. The following table gives a number of standard
size sawed timbers and the round timbers which should be
used in lieu of them, '
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TasLE XXVIL—Equivalent timbers used as beams

: Equivalent
BRCM | e [romndtmier | At
X depth inches} d“ﬁ‘gﬁﬁ; ML fnches)
1bhy4 4 3 7.1
14 by 6 9 434 15.9
2by4 8 1 12,6
2by 6 12 a 9.6
2hy 8 16 [} 22.3
2by 10 20 7 38.5
3by 3 ] 35 9.6
3by6 18 [} 2.3
3hy10 30 3 5.3
3hy12 36 9 63.6
£hyd 18 &5 16.6
Sby 10 30 10 8.5
LR 3] Riil 7 38.5
8by 8 64 10 ”8.5
8 by 12 96 13 132.7
Sby 14 112 1 1540
Sy 16 128 15 1710
12 by 12 1a4 14 154,0

Note~The equivaient round timbers are also safe as columns.
Tn maKing up the table primary consideration was given to resist-
ance to bending. However, in every case the round timber will
resist more vertlcal shear than the timber of rectangular cross
section to which it is equivalent.

e. Corrugated steel arches—Arches are fabricated from
heavy corrugated steel (fig, 122). They are classified as to
name and size as—

(1} Two-man, for splinterproof and light shelters.

(2) Light elephant, for splinterproof and light shelters.

(3) Elephant, for light shellproof shelter,

B 55. SurFacE—d. From the standpoint of construction, sur-
face shelters fall into the following groups:

(1) Surface shelters concealed in woods or behind reverse
slopes,

(2) Shelters constructed by reinforcing buildings.

(3) Reinforced concrete shelters above ground.

(4) Small light shelters for protection of ammunition and
stores.
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b. Surface shelters concealed in woods or behind reverge
slopes.—(1) This form varies from the hasty splinterproof
type to the light shellproof type.

(2). The hasty splinterproof type is usually of an impro-
vised nature built out of the materials at hand, for example,
a shed built with logs and corrugated iron covered with
a light layer of earth. No standard form of construction can
be specified.

(3) A form of licht shelter with material list is shown in
figure 123. It has a capacity of 12 men and protects against
3-inch shells, Standard elephant corrugated steel (see fig,
122) is used with a covering of 1 foot each of concrete and
sandbags, 116 feet of crushed stone, and 9 inches of tamped
earth. The ends consist of wood partitions having doors,
and are protected to the same extent by carrying the cover
around the ends. The bunks are made in the standard way

9" Eorth (tomped,soddad)
12" Broken Stone
/3 Loyar Gandbags
3 ¥ Contrate
W/ Elapnant Steet

a'ed anngni

— Featneted loAgikudinal
sills tur from &xi07

F bz oty 5—4-—2 s—-l
ne'

When secessacy V0 plata floor ot lavel beiow woter-

ling it shou!d ba congrate and drained to 9 Sump.

1r'e”
(:\”Klﬁ' Slelp!fi\‘ [n( 1”0 Sills
_1";__' o I'"T f_l r"! i
2 [ N
i ! i I 1 I
Hall Pign of Timber Floor System
LIPE W I el z's'l’ s e bl g e ltdens
. Sleepery placed at juactian of oren  Sectians
3

l,
T

PLAN
Ficure 123.—Corrugated steel surface shelter, capacity 12 men.
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with some alteration for roof curvature.
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This type is de-

scribed as an example, but if the specified materials are not
available, other material can be substituted for.the cover and

the lining may be of timber,

The concrete is difficult to pour

but may be done by first building the covering materials up
to the line shown by x-x’ in figure 123 and using a very stiff
mix and improvised exterior form work immediately above

line x-x".

i TasLe XXVIIT.—Material list, corrugated steel surjoce
shelter (fig. 123

Item Size Tnit Quantity (;};1?;1%{133
Corrugated arch see- | Elephant.__._____.__.| Eaeh_._.._._ 7 2,100
tion, eamplete.
TPost, bunk,onecut__._| dby$by 131t ________ H ars
DO 4y 4by 10ft. .. 4 2145
Bill, feathered fron4 by | 4 by 10by Gt ______ 3 24
10 in¢hes. ’
Sleeper. ... _____.___. 3byl0byllft I3 880
Bunk frame, ¢crosswise, | 2hyd by 1210 4 130
3 euts. .
Bunk frame, length- | Standard._ ... |_____ do_.o___ 12 385
wise, toont.
Batten.....___...___.. N 8 190
Sprag, cross, and longi- 4 130
tudinal, .
Nailing strip, post_____.| 2by2by12ft_______.__.| ____ do.__. 3 50
Endlumber..________. 2by6by8it . 24 770
Flooring. ..o lineh . . .o ... Bqguare ft____ 150 B0
Wedges. .. Standard_....____..___ Each._..__.. 20 30
Wire netting_____..___. 36 inches wide, 12 | Linearft____ i 20
' inch mesh.
Wire, bunks____.______ No 12 . ... 320 16
Staples_ ... ___. ¥ No.9_ 6 [i
Najls. .. Tenpenny..___.._..__. 5 6
Do .| Twentypenny_......._ 6 5
Cement (1-2-4 con- | Inbags.._..______.____ Bag.____.__. 100 9, 800
crete),
Crushed stonenrgravel | _________________ Cubic yard. 153 143, 160
Band . _ | 21, 600
Sandbags._.___ S Standard_._....__..__ 800
Total. . oo Al ol o .l _l 181,142
1Tneludes 15 etthie yards fyr concrete. Remainder may be alternated by brick.

bats if available.
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WEIGHTS
Items Pounds Tons
Lumber e ieen 3,895 195
Bteel i ceeaes 2, 100 105
Cement. e e 9, 800 4,90
Crushed stone orgravel . .. ... 143, 100 7155
Sand e 21, 600 10.80
Miscellanesus. - e oo e 647 .32
oAl e e 181, 142 90, 57

¢, Shelters constructed by reinforcing buildings—When
protected shelters are constructed inside of buildings they
should generally he proof against at least 6-inch shell be-
cause buildings form a favorite target for artillery. Eight
feet of artificial cover consisting of dry walls (large slabs
of rock, masonry, or concrete), timbhers or poles wired to-
gether, and undisturbed building walls give this protection.
Where possible the chamber of the shelter should he placed
in an excavation below the ground level of the building and
the covering material supported on berms, in which case it
becomes g cut-and-cover type. Figure 124 shows a room in
a building used as a shelter, the cover being placed on the
floor above and the floor stringers shored up. This type
may be used where conditions do not permit cut-and-cover
construction.

d. Reinforced concrete shellers above ground.—Shelters
of this type may bhe used to protect personnel in relatively
large numbers provided it is practicable to assemble the
material necessary for construction. The design of these
shelters follows accepted practice for reinforced design so
far as placing reinforcements is concerned. . Ordinarily they
may be used in connection with emplacements for protec-
tion of the crew on duty at the emplacement and for obser-
vation and command posts under proper conditions. They
should be provided with a burster course extending on all
sides of the shelter to prevent penetration and explosion of
projectiles under the structure. The whole structure should
be covered with sod for concealment.
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M 58. ARTILLERY AMMUNITION—&. (Feneral.-—(1) The essen-
tial requirement of an ammunition shelter is that it be made
waterproof.

(2) Cover to give protection from shell fire is not essential
although concealment is desirable always. If overhead cover
were to be secured by depth below the surface, storage and
service of ammunition would be impracticable; if secured
Hy building above the surface, concealment would be im-
practicable.

ORY WALL OF
STONE OR

G ETE SLA LOG5 OR TIMBERS
AND TIMBERS WIRED TOGETHER

ENEMY LD FLOOR
ONSTRUCTION

ao

— 2 =l = LOGS OR TIMBER
WIRED TOGETHER

= LGODR
4%0"$PRAG ||k 6PREADER NS TAUCTION

BUILDING WALL

GHOUND LINE
43 0% 16" FOOTELOCKS “‘
LONGITUDINAL  SECTION
Ficure 124 —Shelter in reinforced buitding.

(3) It is desirable that ammunition be stored below the
level of surrounding ground so that if a direct hit is ob-
tained destructive effect of the explosion will be minimized.
In cases where ground water limits depth of excavation,
irregularities in the surface of the ground are utilized to
¢btain a certain amount of natural cover,

(4) Amount of ammunition for which shelters are pro-
vided depends on the tactical situation, the minimum being
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that amount which is normally carried in vehicles of the
battery.

b. Hasty wposition.—{(1) In a hasty position time seldom
permits construction of shelters for ammunition. Essential
requirements are to keep ammunition dry and well concealed.

(2) It always is advisable to place some sort of platform
under ammunition. If this is not done the location should
be drained. The platform is made of brugh, logs, planks, or
similar material, and the piles covered with paulins or impro-
vised material.

c. Deliberate position.—(1) In a dehberate position advan-
tage is also taken of the materials available locally. Ammu-
nition shetters do not require elaborate construction, and
those shown in the figures 125 and 126 illustrate types that
may be used.

(2) The shelters are located in rear of the piece or at some
favorable point on the flank. Shelter for some ammunition
is constructed at the emplacement. Additional shelters are
constructed farther in rear for a reserve supply. Shell,
powder charges, and fuses always are stored in separate
places. For separate-loading ammunition the shelter for
shell preferably is located to the left of the emplacement.

(3) Types—(a) A corrugated steel arch shelter erected in
the side of a trench is illustrated in figure 125. This shelter
holds 50 rounds of ammunition or 8 boxes of fuses.

() Elephant steel shelters preferably are used for storing
155-mm or larger shell. These are waterproof, easy to erect,
and the materials for them usually available. They are built
to any size by increasing number of sections. The height is
sufficient to enable a man to move around freely inside. The
construction of an elephant steel shelter for 155-mm ammu-
nition is illustrated in figure 126.

B 57. CuT-AND-CovER—. Excavation for cut-and-cover shel-
ters reaches practical limits at a depth of cut of about 12 feet
below the surface. All shelters with a base to be placed lower
than this should be constructed by mining methods (cave
shelters),

b. Splinterproof—(1) One of the simplest forms of
splintterproof cut-and-cover shelters for use in mobile warfare
is shown in figure 127. 'This type is freguently constructed
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by the infaniry soldier in the advanced lines. He must be
trained in performing the task 2s his natural tendency is
to dig a niche in the forward interlor slope of the trench
which is the proper location for the shelter, but the result

Floce thire boords or brash betweer loyers of
skell or ploce olterrote loyers with base ored
point fo fronf

Top of Poropet—,

¥ e |

1 {!\Secﬁore
S ———. 2 Morz Shkette
(/Bioc L—szizxs"m'l ore Selter
5000000006 leot2 k2 X8
R — A~y 2

___ e ———— e - U

2k

ELEVATION
PFroURe 125.—Corrugated steel arch shelter for 75-mm amrmunition.

is an unsupported recess which quickly caves under effect of
shell fire and weather conditions.

(2) Construction—An open excavation is made closely fol-
lowing dimensions given in figure 127. The ceiling should
be at ground level or slightly helow, and the logs rest on
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FrcuUre 126 —Elephant steel shelter for 155-mmm ammunition.
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berms of virgin earth which should be at least 18 inches
wide. Logs showld be not jess than 6 inches in diameter and
firmly wired together. Earth is then backfilled and original
appearance of the parapet restored. The shelter may be
made waterproof by the use of corrugated iron or tar paper.

Qo

-5 Parape?

20 Ground Level

)
2

~F:o Jottom ol Trench Lo =
Section.  ° Elevation
FigURE 127 —Splinterproof shelter.

TaBLE XXIX.—Material list, splinterproof shelter (flg. 127)

Item Size Unit | Quantity (;";f}gg;)

Logs, Toof .. ____..___ 6-inch diameter by 8§ | Each________ 13 1, 000
feet.

Wire .ol No. 120 il Linear foot_. 100 3

Bandbags. .. oo ... Standard.._._._._._____ Bach._.__._. 30 15

Total wetghto..__[ - . eefemeaaias RN S 1,018

(3) Steel arch —The two lighter types (two-man and light
elephant) of corrugated steel arch shown in figure 122 are
especially useful in consolidating captured trenches after an
attack in trench warfare. Splinterproof cover ean be obtained
rapidly by placing several sections in captured trenches so
as to form a tunnel and shoveling earth on top and sides.
At least 4 feet of loose earth cover should be provided.

¢. Light shelters—(1) Types of licht shelters proof against
3-inch shells with material list included are shown in figures
128 and 129, and tables XXX and XXXJ, These may be of
either cut-and-cover or cave construction depending on soil
conditions,
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Section Elevadion
FiGURE 128.—~Light shelter, timber.

TaBLE XXX.—Muaterial list, light shelters (fig. 128)

2 o e

Dranch Gallery Caxe

L.

Ttem

: Quan- | 'Weight
Size TUnit tity | (pounds)

Cases, gallery_ ... _

Batten.....___

End lumber_____.__
Wedges ..o

Baffle board.

Bursters
Wire.._.

Sandbags. ... .

Total weight,

Burster Caurse

+I"GParaper
0 Ground Line

AT

il

&

Section Elevaiion

Frevre 129 —Light shelter, corrugated steel.
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TABLE XX XTI —Material list, light shelter (fig. 129)

_ Liemn Size Unit Qllffy“' (g‘;ﬁ’ggg)

Li] 360

- - 3 180

___________ 2by 10by 6deet_ .. ____ R 1 40

Floor strips.._._____.__ Iby2by 12feet... ___._[____ do_____. 1 8
Qorrugated arches .. __ Two-Tnan oo ocom o emaal do._..._ 3 132
Nails. oo Twenty penny..._._._. Pound. .___. 2 2
Bursters.. ... __._ Standard..... _...______ Bach...___._ 20 2, 900
Wire ___________. I Nool2 o Linear foot.. 20 1
Sandbags. ..o . Stendard. ___.____._.__ | Each__.__.__ 30 15
Total welght_____ [ [ PO S 3,638

" (2) Construction.—In firm soil these types usually can he
constructed by digging into the face of the trench without
cutting all the way to the surface of the ground. In loose
soil it is neecessary to make an open excavation and backfill.
Both types of shelter must closely fit the exeavation which is
accomplished by cutting the excavation aceurately to size and
by ramming dirt Into any space outside the frame. The fioor
should slope slightly toward the trench to provide drainage,
and a baflle board to exclude water entering from the trench
should be placed as indicated in the figure. The burster
course is placed by excavating a portion of the parapet, placing
the course, and backfilling so that original appearance of the
parapet is restored. .

d. Light shellproof shellers—(1) Classes—Cut-and-cover
shelters of the light shellproof type are grouped Into three
classes, according to manner of Interior construction.

(@) Timbered shelters may be construeted by using stand-
ard materials sent forward from engineer supply points or of
round timbers procured near the site.

(b) Standard corrugated steel arches are quickly and easily
assembled and are recommended for Interior construction of
cut-and-cover shelters whenever they can he obtained. Cor-
rugated steel sections when bolted together form watertight
arched support,
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(c) Concrete shelters should be constructed with reinforce-
ment to obftain economy of cement and aggregates. When
time, labor, material, and transportation are available, they
offer superior facilities from the standpoint of protection, liv-
ing conditions, and adaptahility,

16" BROKEN STOME OR 6"T0 9" LAYER OF EARTH DR S00 CAMOUFLAGE 5" CONCRETE BURSTERS
3.5 TAMPED EARTH LOGS WIRED TOGETHER

! P N T CE =
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MGM.LEF(YCASES‘ -6 5 7-g' - COMMON GALLERY CASES

LONGITUDINAL  SEGTION
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i"%' SHEETING b j ‘———_&n&mgnsn IRON
ke e
* t J—— At cateRy Frake

2 g P R Lntu‘
B
TRANSVERSE SECTION
Figure 130.—Cut-and-cover, timber shelter,

(2) Cover.—Type and thickness of cover required for a cut-
and-cover shelter depend on kingd of material available and
on location and use to be made of the shelter, Protection is
provided as described in paragraph 53 which gives thickness
of cover and arrangement of the successive layers,
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(3) Ercavation~—The cut to contain the shelter should be
limited to a maximum depth of about 12 feet. If it is neces-
sary to go below this depth, greater economy of labor and
material is obtained by construction of cave shelters. The
sides of the cut should he excavated with as little batter as
possible, leaving only sufficient clearance for placing frames
and sheeting.

. (4) Berms.—These must provide for carrving entire weight
of the artificial cover which must hever rest on the interior
framework of the shelter.

(5) Timbered shelters—(q) A cut-and-cover shelter hav-
ing an interior lining of timber is illustrated in figure 130.
The capacity of the shelfer is 24 men and it protects against
6-inch shell,

TasLE XXXIT—Materiel list, cut-and-cover timber sheller

(fig. 130)
N v - Vel
Item Size Unit Quantity 1 (E;ﬁlﬁg;)
Frames, gallery.._... Great_ ... Each..___.._. 13 (2) 4,875
Postbunk_ . ... 4 by 4 by 6 feet 6 |.___. [ 1V S 14 (@ 485
inches.
Sprag, top and bot- | Sbhy 8hy 1lfeet ____|.___. do_.._.. 12 (2) 1,055
tom, sides.
Bills, berm. ..______.. 3by 12by 12feet___ | ____ [ { T 17 (D 2,450
Baffleboard_..__..._| 2by 12 by 3 feet 6 |____. do..-._. 1 30
inches.
Stairstringers..—... 2 by 10 by 20 feet.... 65
Stair treads. .- —-_.. 2by 10 by 12feet.__. 50
Brace, diagonal______ 2by 6by8feet - __ 30
Shecting, top__ .. __.- 2by 6 by 12feet ... ) 2, 404}
Bunk frame, c¢ross- | 2by 4by 8feet ... (1) 145
wize, to cut.
Bunk frame, length- { 2hy 4 hy ¥ leet ... | __ L [+ T 48  (8) 895
wise,
Sprag, top, center____| 2by 4by 1 feet____|._.__ do_...._ 6 (1) 175
RiSers. cvecmmccccmee e 13 by 10 by 3feet 6 |- dooc.——_.. 9 166
inches,
Headers .. v ccmoaae|oae [ LS TR . o o 8 140
Sheeting, sides..._._. 14 by 6 by 12feet | ____ do____. 100 (15) 3, 600
Sheeting, ends only_ .| 114 by 6 by 1 feet__|.____ do. ... 15 450
Stair risers. ooco-o_.- lbylOby3feet ...l ____ do_._._.. 3 30

1 Figures in parentheses show quantities required for anit length of 6 fect,
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TapLE XXXII.—Material list cut-and-cover timber shelter
(fig. 130) —Continued

Weight

Ttem Size Unit - Quantity ! (pounds)
Batten......_...._._ 1hy 6by 10feet. ..} ____dao_._.___. 19 200
Revetting boards, to [-._._ do |l do._.____ 4 80

cut., -
Wedges_......__..._.} Standard...._....__[ ____ do___...__ 84 (20) 260
Cases, gallery________| Common.___________..._ do___...__ 27 5,840
Fleoting_. ... _ - __| Bauare foot . _ o0 (15) 360
Corrugated iron, gal- | No. 20, 8 feet by 24 | Bheet. ... M 4 691
vanized. inches.
Wire netting ... 36 inches wide, 2- | Linear foot.__| 156 (26) 40"
inch mesh.
480 {80y 12
12 (@) 12
Foriypenny.. .ocooo| .. do___...__ 12 (2) 12
Twentypenn 20 ) 20
Tenpeany ..o oa__fo___. do.. ... 10 (2 10
Sandbags_ 100 80
Bursters. . 150 (B8) 108, 750
Wite, binding________ No, 12 . Lineaz fool___| 3,500 (400) 103
Beams, concrete. .- Standard__ . _______|..... do________| 3,400 (380} 129, 200
LoES. e S-inch diameter_ 3,000 (360) 50, 400
Crushed stone, if [ . oo 300 (20) 810, 00
used.
Total weight_ | oo e e 1, 123, 207

L Figures in parentlieses show quantities required for unit length of 6 feet.

WEIGHTS

Item Pounds Tans
LM ber. e eeae 23, 905 1195
237, 950 118.97
50, 400 25,20
810, 000 405. 06
952 .48
1,123, 207 561. 60
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(b) The maximum. spacing of frames is 3 feet, but where
timber is available the spacing should be at 2-feet centers,
The maximum span should not excesd 6 feet § inChes.
Where exceptional strength is more essential than large
capacity, shorter spans should be used. Al frames must be
braced with distance pieces both at the top and bottom at the

. sides and at the top in'the center. 'The sprags must be placed
to bear both on the posts and on the caps or sills as the ease
“may be,

Feacnete
portrdie
Transversc Section

A Swapy »r:_:,.uu
. - 1t degad 80 o)
Longitudinal Section o il

Froure 131 —Cut-and-cover, corrugated steel.

(¢} Long hoards instead of standard sheeting should be
used in sheeting this type. The boards should be given fun
bearing on the posts, and the joints should be staggered,

. Nails should be used where possible. With standard sheeting
overlap to the full width of the frame to get full bearing.
Corrugated iron is placed on top of the chamber, and side
gutbers are fastened to the outside as indicated in the figure.
These may be of corrugated iron or of wood., They lead to
sumps in the trenches as shown by the dotted line.
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(d} Without proper framing and bracing, the full strength
of the timber is not developed and the resistance against
explogions is only a fraction of that afforded by the same
material properly used.

(6) Corrugated steel shelters—(a) A cut-and-cover shelter
having an interior lining of corrugated steel is illustrated in
figure 131, with a material list in table XXXIII. Capacity
of the shelter is 24 men, and it protects against 6-inch shell
Bunks are not shown in the drawing, but they are covered
in the material list in the table, They are arranged as in
the surface shelter (fig. 123). -

TasLe XXXITL—Material list, cut-and-cover corrugated steel
Shelter (fig. 131)

» . - Vol
Ttem Size Unit Qtlil?;} (;‘oﬁ‘ﬁgg;
Corrugated arch section, | Kiepbant._..____.____. Each________ 14 4,200
complete. - '
5ill, feathered from 4 by [ 4 by 10 by 6 feet . _.__. R 8 180
10 Inches.
4bhy4byidfeat ______ 7 485
4 by 4 by 10 feet___ 7 375
Sleeper__ 3 by 10 by 11 feet 15 1,650
Silisforrails__ ... __ 2 by 10 by 12 feet 29 2, 880
Bafflebhoards _______._____ [ 2 by 12 by 3 feet 6{.___. 1 30
inches.
Stair stringers.._ .- 2hy Wby Wieet . A 1 63
Stair treads.. . __ 2by 10 by 6 feet_. - 2 80
Diagonal braces_.. 2hybhysfeet . .| ____ 1 30
Endlumber. .. ...l ___ Ao, .. .. 24 770
Batten. oo oo aoocmanl 2hydhy12feet .. [ _.__ 12 385
Bunk frame, lengthwlse | ____ L [ PR I - 24 770
to cut.
Bunk frame, crosswise, 3 | 1by6by 10 feet______.| . __ do. ... 7 225
cuts,
Sprag, cross and longi- [ 2by4by 12%eet.. .| .. do.._... B 255
tudinal.
Noiling strip, post. ... 2by2by 12feet___ ____[_.___ doo ... [ 95
Btair risers. . ___... 3 30
Batten.__._. camon- 7 140
Revetting boards. 4 80
Cases, gallery ____. . 21 4,620
Wedges. _oaqeaooaeas 124 175
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TaBLE XXXIIT —Material list, cut-and-cover corrugated steel

shelter (fig. 131)-—Continued

Item _ Size Unit Qtlil{a;l' ;‘of:ggg
Nails. ... ... Twentypeony....__-..[ Pound._..._. 15 5
Do . ___| Tenpenny__________ U R do__..__ 14 13
Btaples, bunks_.______._. %6 inch, No. 9. 12 12
Wire netting, bunks__._.| 36 Inches wide, 2-Inch 156 40
mesh, 7
Wire, bunks.. ... Ne 12 | do ... 640 20
Wire, binding. .__ ... | .. 4 T do. ... 4,000 120
Bursters. ... _......_ —.} Standard_ . ______ . Each.__.____ TR0 108, 750
Rails, railroad__...__._ -..| 15 feet &t 75 pounds | ____ do. - .. 172 61, 500
(yard}.
Rails, railroad. varied | At76 pounds (yard)...| Linear feet__ 830 22, 000
lenpths,
Sandbags____._..__.__ _..| Btandard.. ... .. w--| Each___.____ 100 50
Cement, for floor if used. . 36 3, 528
Sand, for Aoor if used.. __ 3 8. 100
Crushed stone, for floor 7 18, 500
if nzed. )
Crushed stone, orgravel, | oo ocoeon comoamooceeeac ol At ... 250 675, 000
fill, -
Total weight_____. ‘ ______________________________________________ 918, 870
WEIGHTS
Ttem Pounds Tons
Lumber._. 13, 620 6.81
Rails._.__ 86, 500 43. 25
Cement.__ 3,528 1.76
Band. .o . 8. 100 4.058
Crushed stone or gravel. o miceeaaas 693,900 | 346.95
Steel arches____. e e eA—— et te—mmmebamseemm . PR 4, 200 210
BSOS i m e rsmm e n PO -- 108, 750 54.38
Miscellaneous. ____. aerm e i aemm e mmmmmmm——mm e tmm v - - 272 .14
Total waight .. e s PR 918, 870 | 459.44

(b} In construction care should be taken that the founda-
tion is firm and that the arches are not spread at the bottom,
thus causing a depression at the top of the arch which mate-
rially weakens it and forms joints through which water may

262375°—40——16 987
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seep. If a concrete floor is provided it should be about 6
inches thick. :

e. Hegvy shellproof reinforced concrete shelter.—(1) Maost
reinforced concrete shelters are of the cut-and-cover type.
Use of large concrete shelters is generally limited to reserve
positions in stabilized situations. -

TapLE XXXIV.—Material Iist, brigade command post

(fig. 132)
Item Unit Quantity ‘(‘;glﬁsh)t
Cement, 1:2:4 concrete (430 cubic | Bags (1 cubic foot) . ... 2, 700 135
¥ards concrete).
200 270
400 f - 540
40, 00D 20
1, 600 116
2, 400 ]
Total weight.. ... ____.__]._ [ O, 1, 086

(2) Figure 132 illustrates a brigade command post of rein-
forced concrete proof against 8-inch shells. It is not given
as a standard but as an example. Note particularly method
of reinforcemient. Grillage of bars on 6-inch centers is
usuzlly of 3-inch rods. Reinforcement spaced at greater
distance is of larger size up to 3; inch. On the inside of
the chamber a layer of expanded metal or similar fabric is
placed for added protection against spalls. It is better to
have a large number of rods of small diameter than a small
number of large diameter. The weight of reinforcement runs
about 5 pounds per cubic foot of concrete,

(3) The structure may be buill without any cover, but
cover with a burster course should be added if possible to
localize action of a bursting shell. The figure shows cover
with a course of bursters.

(4) Approximate quantities for the command post illus-
trated are shown in the material list,
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(6Y For floor space requirements of command posts see
paragraph 64, For other types of command posts see para-
graphs 39 and 58f.

B 58, Cave—a. Standard construction materials—(1) Cases,
gallery, and shaft—(g) Cases are designed as a lining, with-
out additional material for use in horizontal galleries, in-
clined passages, and in shafts driven underground by mining
methods (note that frames in (2) below, require sheeting in
addition). Dimensions of lumber used in cases vary with
size of gallery or shaft (tables XXXV and XXXVI). In hori-
zontal and inclined passages the cases are ordinarily placed
in a, vertical position and in shafts they are always horizontal.
The standard common gallery case using dimensioned lumber,
and improvised shaft case using round timbers are shown in
figures 133 and 134.

(b)Y The great gallery case finds little use except in the
application to sSpecial approaches or passages as in the first-
aid shelters. When used in this way the cases may be nar-
rowed to any width desired for economy in excavation with-
out sacrifice of space. The common gallery case is normally
used in Inclined entrances driven with cases (b (3) (d) below),
and in galleries when driven with cases, The use of the
branch gallery case provides for construction of the timbered
light shelter shown in figure 128, It also fulfills the require-
ment for ventilation shafts in cave shelters. The hglf and
branch gallery cases gerve for machine-gun shafts, for emer-
gency exits, or for access to observation posts.

(2) Frames, chamber, gallery, and shaft.—{(@) Standard
types of frames are shown in figure 135, They are used in
horizontal or inclined passages or in shafts to support accom-
panying sheeting which forms the lining of the passage or
shaft. For use in shafts all timbers of a frame should be the
same size as given for frame posts. Dimensions are such as
to permit a frame spacing of not over 4 feet on centers,
When dimension lumber is not available frames can be im-
provised from round timber,

() The chamber frame is designed for use in the rooms
or chambers of cave shelters. The posts may be furnished
in 6- by 6-inch dimension timber or round logs at least &
inches in diameter at the small end. If the latter are used,
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they must be straight and as free from knots as possible.
Caps are 3- by 5-inch steel I-beams 9 feet long, weighing

934 pounds per foot.

They are held on the posts by standard

beam shoes fastened to the posts by spikes or lag screws.

Lo JR10%3°6"
—F— T
(sprea‘der
I=107%5-0"
3'0"— -
¥ = a
k- posts 9 b=
3E10%676
spr--adcrl-m’:s-(‘l Elavats
5if] 3+10%36 l l
—1
ra

Common Gallery Case

Improvised Gallery Case

Froure 133.—Gallery cascs.

f5r—

5.6

Side Elevation

-
Corner Detfail

Ficure 134.—Imnprovised shaft case,

A 2-inch notch is cut in the floor to receive the bottom of the

post.

inches long are placed under the posts.

In soft ground foot blocks of 3- by 10-inch plank 18
In very soft ground

such as clay the bottoms of the posts should be sunk from
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FIGURE 135.—Frames for chamber and gallery,
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4 to 6 inches into the floor. If steel I-beams are not avail-
able 6- by 10-inch timber or two 3- by 10-inch planks spiked
together may be used for the cap.

(3) Dimensions of stondard galleries and shaffs.—The
following tables give sizes of the various classes of galleries
and shafts driven underground by mining methods and
include material lists for cases and frames of these classes.

TapLe XXXV.—Dimensions of stendard timbered galieries

Inside clear

Size of gallery
. Height Width

Feef Inches Feel Inches

Chamber_ .. ... e amn 6 4 8 0
L] 4 6 8
] 4 k4 0
4 6 3 0
Branch. . . .o o2 10 3 0
Small braneh ..o 2 E 2 0

TapLe XXXVI—Muaterial Iist, gallery and shoft cases

Ttem Cireat, Common Half Braach ﬁ:-::ﬁ]c]h
Cap._..._ . 1-¢by 10by | I-3hy 10 by | -3 by 10by | 1-8 by 10by | 1-2 by 10 by
7 fest 2 3 fect 6 3 feet 6 3 feel 6 2 feet 4

inches. inches. inches, tnches. inc¢hos.
Silleeo____. 1-ibylohy | I-3byi0by | 1-3byloby | -83hy 10bhy | 1-2by 10 by
7 feet 2 3 foet 6 3 feel 6 3 fect 6 2 feet 4

inches. inches. inches., inches. frches.
Post. ... .. 2-{by 10by | 23 by 10by | 2-3by10bhy [ 2-3by I0bhy ; 2-2by 10 by
6 fect 6 6 feet 6 4 foet 8 3 feet O 2 feet 6

inches, inches, inches. inches. inthes.

Spreader___| 2-1by 10by | 2-1 by 10 by | 2~1 by 10 by | 2-1 by 10 by | £-1 by 10 by
& foct 6 3 feet O 3 fect O 3 fest O 2 feet O

inches. inches, in¢hes, inchee. inches.
Nailst
pounds__| ¥ tenpeany_| ¥ tenpenny.| ¥ tenpenny.| ¥4 tenpenay.| Y tonpenny
Welght
pounds__) 385 ... __ FA Moo R0 . 75.

L Nails for spreaders eoly.
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TaBLE XXXVIL—Material list, gallery and shaft frames

Ttem Chamber Chamber Great Common
raltery gallery gallery gallery
Cap, Eheanr1___ 13 by s by O feeaas R
feel. Oinches,
Beam shoa____._. 2standard. ..ol IR
[N [ 2-3byioby9 {16 by 9 by 7|16 by 8 by 4
fect G inches. feet 6inches, feet, 0 inches:y
2511 R DU 1-4by6by0{14by6by 7|13 byGhyd
feot 0 inches. feet 6 inches, feet, 0 inches.
Post. .. 26byohy 6| 2-6by6by6|26hy6by6 |26 by Bby6
feet 6inches, feot 6inches, feat 6inches. feet 6inches,
Spreader.___..___ pammm - 2-1by6by 8| 2-1by6by6}|2-1 by 6 by 3
feat 0inches. feet 6 inchos, feet 0inches.
Nails L_pounds. |- oo .. 0.41b, 104 ___. 041, J0d___._ 0.21b. 104,
Welght . __do.__ =50 __________ 440, _.__ R b 71 TR 255,
Item 1Lall gallery Branch gallery szglﬂn,nch
Cap_ . ... -6 by 6 by 4 feet | 14 by § by 3 feet. | 1-3 by 4 hy 2 leet
0 inches. 8 inches. 6 inches.
511 S, 1-3by6by4dfect { -3 by 4 by 3 feet [ 2-3 by 3 by 2 fest
0 inches. 8 inches. & inches,
Posto . oo amnn- 5by6bhy 4fect | 24 by 4 by 3 feet | 2-3 b¥ 3 by 2 feel
8 inches. 0 inchies, 6 inches.
Spreader__..___.__.___ 2-1 by 6 by 3 fect | 2-1 by 4 by 3 icet | 2-1 bY 3 by 2 feet
0 inches, 0 inches. 0 inches.
Nails 1 ____. potthds__| 0.2tb. 1od_____ a|e2lb.odo L. n.21b. 104,
Weight__.______ do. .| 195 ... L R, 35.

+ Nails for sproaders only.

(4) Standard shecting.—Sheeting is used for supporting
the ground between frames in chambers and galleries and in
ineclines and shafts where frames rather than cases are used.
Two-inch sheeting is furnished for the roof and 1%%-inch for

the sides,

It is normally made in 5-foot lengths designed for

use where frame spacing is not over 4 feet center to center,
varying from 4 to 10 inches in width, For frame spacing of -
3 feet center to center, 4-foot lengths of sheeting afford econ-
omy of material and work. Boards selected from the side
sheeting should be used for head boards and stair risers which
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are 15 by 10 inches by 3 feet 6 inches in stepped inclines.
If standard sheeting is not available and ground conditions
are favorable, round poles 2% inches in diameter at the butt
and 4 to 5 feet long may be used instead.

(5) Wedges.—Wedges are used for bracing timbers tightly
against the walls and roofs of excavation, holding them in
place until settling of the ground has rendered displacement
impossible. Wedges must be provided In large quantities and
used freely. Dimensions of the wedge are shown in figure 136.

(6) Bunk posts—Bunk posts are 4 by 4 inches and 2 by 4
inches, and are used for supporting the double tier of bunks
in shelters, ‘The 4 by 4's should be placed under the caps of
the frames, thus providing additional support. In case
standard materials are not available, round timber 4 inches
in diameter at the small end may be substituted.

]

Wedg
Fieure 136 —Standard wedge.

g i p s

(1 Use of lumber—Commercial lumber cut to proper
lengths is used for props, bunks, gas curtain frames, bat-
tens for holding timhers in place during construction, and
for strapping incline and shaft sets together, making bomb
recesses, baffie boards, etc. Scrap lumber obtained during
cutting should be used in conjunction with wedges for block-
ing timbers in place.

b. Construction methods—(1) Excavation.—In earth the
pick and shovel are used to make the excavation with the aid
of such accessory tools as crowbars and pick mattocks., In
advancing an incline or gallery, care should be taken not to
open up more ground than is necessary to accommodate the
timbering. Methods of rock excavation are not discussed
here for the reason that shelter construction in rock is un-
usual.

(2} Removal of excavated material—(a) In small headings
the excavated material or “spoil” is removed from the work-
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ing faces by shaveling it into bags which are carried away to
the place of disposal. In fairly large headings, wheelbarrows
and small tramcars may be used to convey the material away.
For large jobs an electric railway installation may be desir-
able. In cases where disposition must be made at a consid-
erable distance it is generally gdvisable to install light tracks
and to operate small cars. However, to avoid noise when
close to the enemy, cars should have roller bearings and
wheels cushioned with rubber or other sound-killing mate-
rial. Removal through shafts is ordinarily done by means of
buckets and hand-operated windlasses or small power hoists.

(b) On all work in mines or shelters clagse to the enhemy,

ey be—m e e T <
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-[H ' l”’! ,ljl H I.[ { f I[ H
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l‘ ! ﬁ” J/]z ﬂ"? J" ).{{d',{,llr' :, % 1y ’!/._ /,f
L T 1.

it

[*-=~_ high point of 1% grade to sump
@
Froure 137—Approsch to entrance.

it is necessary to use what are called “daylight dumps™;
that is, dumps which can be used in the daytime and yet
" not be observed by the enemy. These dumps are simply
temporary storage places for the sandbags packed with spoil.
At night men get out on top of the trenches and either
dump the sandbags or spill the material from them into
shell holes, old milne craters, abandoned trenches, sunken
roads, behind hedges, or in any place concealed from the
enemy. It is bad practice to build mounds of spoil. All
material must be carefully camouflaged from airplahe ob-
servation. When the spoil is of a contrasting color, it is
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usually necessary to camouflage it carefully with dirt that
matches the surrounding ground or other suitable material,
The engineer officer in charge must carefully supervise all
this work and see that the working parties do not leave
spoil which should be screened from observation. A careful
investigation of an area usually discloges some convenient
sunken road, trench, or hedge which can be used to
advantage in disposing of spoil. 1

(3) Entrances—(a) Approach—The term “approach to%
entrance” is given to that portion of the ground in front
of the entrance to underground works which must be ex-
cavated in order to provide the necessary headroom without
sacrificing overhead cover. The approach is usually neces-
sary whether entrance is galned from a trench or g reverse
slope. To simplify construction one standard type of ap-
proach to entrance has been adopted (see fig. 137). It is
& direct descent from a standard trench by steps leading
downward in the direction of the entrance, If desired, the
sides of the approach may be fiared. It is designed for use
in a standard fire trench but with slight modification may
be used in any form of special trench without fire step.

TaRLE XXXVIII.—Material list, approach to entrance of
cave shelter (fig. 137)

Ttem Size Uit Q;ilt'?' (‘1")‘;1]1{:;13:)
Galleryease . .. __...__ Common_....___.....__. Each._.. 1 20
Diagonal braces, to eut..___ 2 by Ginches by 8feet.__j____do.._. 1 32
Baffleboard .. ___.._.___._. 2hy 12 by 3feet 6 inches.|.___do__.. 1 2
Revetting boards, toeut.__ ] 1 by 6by 10feet ________ R I N 1 &0
Stair stringers, toeut._____ 2y 10 by 10feet . _.__ Ao do.__. 1 6
Stair treads, toeut._.___ | 2by M0 by dfeet..___..._ C.o.dao 2 30
Stair risers_.___._.. | 1hy 10 by 3feet___ S IR I M 3 30
Concrete bursters Standard__...___ RSN B [ T 42 6, 0%
Bandbags_ ... ____._____._.. s 1 ceodoo 30 15
Nails_ Twenlypenny_._______._| Pound.__ 3 3
‘Wire, bursters. ... ... L, No. 12 . ... _......] Linear 40 2

feet.
Total weight .o ooo_u [eaoomcecooos SRR, SRV SRR 9, 646

1 Cut posts to 6 feet 2 inches long.
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(b) Approaches from reverse glope—Except in cases where
entry is made in g nearly vertical bluff or the face of a quarry,
an approach is necessary to reach the first timbered section
of an entrance on a reverse slope. It usually consists of a
narrow trench driven forward on a slight upgrade to facilitate
drainage until sufficient headcover is secured. It will prob-
ably need revetment near the entrance, and being a con-
spicuous feature on an airplane photograph must be carefully
camouflaged both during construction and after compietion.

(c) Inclined—In order to standardize construction, one
type of incline has been adopted, using standard gallery cases

e e R e .
P S A - —— @

- JSpmp doth srtes
&al st 907
e entarnce

Crafck  Comman Gallery CAses

Dedpes .
== Risers lzz’ 10"
2 ety I
18 5meeting l
¢ l
BDombpit | |
- —) ¥ Apgproach
i 5 Enlrance +| " to

Fussageway 1o Shelter Latrancs

‘"Froure 138 —Inclined entrance.

placed vertically. This type of entrance, also known as the
stepped incline, has bheen selected on account of the ease
with which the timbers may be set by unskilled labor. ‘The
normal size of case is the common gallery type, but in con-
struction of first-aid shelters a larger size shouid he used.
(d) Driving an incline with cases.—In driving an incline
with cases (fig. 138) the dimensions of g conimon gallery
case are first marked at the entrance. Standard common
gallery cases are used except at the top where the posts are
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sawed to a length of & feet 2 inches instead of 6 feet 6 inches.
This gives headroom of 5 feet 2 inches.

The eXcavation is carried horizontally for the length of
two cases when the stepped incline is commenced. Excava-
tion for the sill of each succeeding case is lowered 10 inches,
providing for the steps. Cases are put in position as described
above, except that headboards and risers are nailed in position
to prevent the earth from caving in between successive capg,
and sills.

Attempt should never be made to excavate ahead for several
cases to be timbered later, This endangers the lives of those
working, and if the face or sides begin to “run” involves an
immense amount of labor and leaves a weak entrance.

In very Icose and caving soil the cap must be put in position
first and supported while the grooves for the ground sill and
posts are excavated, for which. purpcse two “crutches” (fig.
138) are used. A cerutch consists of an upright piece of timber
carrying a crosspiece the length of which is equal te the
width of two cases. The upright piece rests upen the ground
sill of a case already placed and is raised to proper height
by wedges. The part of the crosspiece which projects in
advance is made 2 inches higher than the rear part to support
the cap somewhat above its final level, and allow the posts
to be easily inserted. The rear part of the crosspiece is
attached to the upright by an iron rod or short chain. When
the case is set and adjusted to position, the crutches are taken
down by removing the wedges and are replaced under the
next eap. .

Each case should be temporarily tied back to the previous
one immediately upon being put in, at top and bottom, by
means of a short length of sheeting to be later replaced by
1- by 6-inch battens.

The estimate of cases required for a 45° incline for any depth
equals the vertical depth in inches hetween landings divided
by 10, plus 1. The estimate of cases for a 31° incline suitable
for a first-aid shelter entrance equals twice the difference in
feet in elevation between landings. This slope provides for a
stairway of 6-inch risers and 10-inch treads.

(e) Sinking a shaft with cases.—Shafts are usually sunk
with cases (see fig. 134). A shaft case of the required size
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is put together and accurately placed on the site of the shaft,
the dimensions of which are marked on the ground outside it.
The case is then removed and the earth excavated to the depth
of the case which is placed in the excavation with its top fiush
with the surface of the ground, Its position is carefully veri-
fied and it is secured in position by packing earth around it.
The excavation is then continued for the depth of another
case which is put in place as follows: -

One end piece is placed in position, the two sides are engaged
with the end and pushed back into position; a pocket-shaped
excavation is made beyond the end of one of the side pieces
and running back 3 or 4 inches into the side wall; the remain-
ing end piece is inserted in this cavity far enough to allow its
opposite end to slip over the side and fall into place by drawing
against the side pieces. 'The case may be toenailed and fast-
ened to the higher one by short battens. _

The next case is placed in the same way, care being taken
not to excavate two consecutive pockets in the same corner.
It is well to fill up these pockets by stuffing in from helow
before placing the next case.

Upon reaching the level of the top of the gallery the pieces
on the gallery side of the shaft are omitted if the ground is
firm, but if it needs support these pieces are put in place and
secured by cleats or braces.

(f) Sinking a shaft with frames and sheeting.—In sinking
g shaft with frames and sheeting (fig. 139), the size and posi-
tion having been fixed, the top frame Is laid down and
staked in place, with scores on the end pieces accurately in
the desired position. The excavation of the shaft is then be-
gun, making it enough larger than the top frame to take the
sheeting all around. Usually the first interval can be dug
without driving the sheeting. It is undercut so that at the
level of the second frame it will be larger in each direction
than at the top by twice the thickness of the sheeting. Gage
rods cut to the length and width of the excavation and plainly
marked at the middie points should be provided. The incon-
venience of working under the top frame may be avoided by
marking the sides carefully and digging the first interval
before setting the top frame.
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Ficure 139.—Shaft with frames and sheeting.
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When the shaft is deep enough the second frame is put in
place and ndiled together. The top and second frame are
connected - by nailing to them four battens of proper length
(two on each side) (fig. 139), which suspend the second from
the top frame at the established interval. The second frame
is placed vertically below the top frame by using a plumb line.

The sheeting is inserted outside the top frame, beveled
end first, bevel inside, and pushed down until its top is
flush with the top frame. The lower end of the sheeting is
held out from the lower frame by suitable wedges to permit
insertion of the second interval sheeting, and exXcavation of
the second interval is commenced. ' )

In ordinary soil the sides of the shaft require support.
Sheeting is therefore introduced and pushed down as the
excavation proceeds, the wedges previously placed being
driven down as the sheeting is inserted.

Jf the pressure of the earth becomes great enough to
spring the sheeting planks inward, an auxiliary frame is
added. This is a frame similar to the shaft frames but
from 4 to 6 inches larger in outside dimensions. The sheeting
rests directly against the outside of this frame, and is thus
held out far enough to allow the third frame to be placed
and wedges to be inserted as before. The auxiliary frame is
then removed and used in the next interval.

Successive frames are placed in the same mannper (fig. 139)
until the one directly over the gallery is reached. Care is
taken to place this frame at exactly the right height, and
the shaft is then continued to thie required depth. A frame
is placed at the bottom with its top at the level of the floor
of the gallery and the sheeting is allowed to rest directly
against the outside of this frame. When the soil permits it,
the sheeting is omitted wholly or in part over the portion
of the shaft which is to form the gallery entrance,

Precautions—In sinking shafts, special eare must he taken
to make the excavation no larger than is required for placing
the lining since if a vacant space is left outside the lining,
the sides of the shaft may give through its entire height and
fall against the lining with a blow, crushing it in. This
has often been the cause of fatal accidents in both shafts
and galleries,
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(4) Driving a gallery with cases—Driving a gallery with
cases is the same operation as described for driving an
incline with cases ((3) (d) ahove) except that the excavation
is not stepped and headboards and risers are omitted.

(5) Driving a gallery or chamber with frames and sheet-
ing.—(a) If driven from the bottom of an incline, the direc-
tion of the gallery is marked by scores on the incline cases.

(b) Two gage rods are prepared, giving the extreme height
and hreadth of the excavation, that is, height of the frame
plus two thicknesses of top sheeting, and breadth of the
frame plus four thicknesses of side sheeting. 'The middie of
each gage rod is also marked plainly, A gallery frame is
set up, carefully located, and fastened in position with bat-
tens and braces. The top gallery sheeting is started on top

2° SHEETING

Fieune 140.—Detail of gallery construction.

of the cap and driven until held in place by the earth, It
is given the proper’ upward piich by beveling the cap or
by scantling lald across the ends of the sheeting ‘and held
down by fastening to the gallery frame (see fig.~140). 'This
upward pitch is necessary to make room for placing the next
frame and sheeting. The side sheeting is started in the same
way against the outer faces of the posts and given an outward
slant by bracing the outer ends slightly away from the sides
of the gallery or by use of scantling, Earth is excavated
and the sheeling advanced, keeping the front ends in solid
earth to hold them steady and to give semiprotection to
the workmen.
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(¢) In this way the gallery is advanced one gallery interval,
usually about .3 or 4 feet, when a second frame is placed.
Its position is verified by the score marks; for direction by
a line; for grade by a spirit, mason’s, or field level, and for
verticality by a plumb line. It is then secured in place by
nailing battens to it and the preceding frame. Wedges are
inserted between the second frame and the sheeting to
aliow room for insertion of the sheeting for the next interval
and the gallery is continued by the same methods (fig. 140).
When the sheeting is advanced only by hard driving, the
frames are slightly inelined to the rear at first and are
afterwards driven forward until vertical.

(d) If while advancing the sheeting Dressure upon it
becomes 50 great as to spring it, a false frame must be used
(fig. 140.) This consists of a cap, a sill, and twe posts con-
nected by mortises and tenons. The posts have tenons, and

- the cap and sill mortises at each end. The cap may be
rounded on top and, for faeility in setting up and removing,
its mortises are longer than the width of the tenons. The
latter are held in place by key wedges when the frame is in
position. The false frame is usually made the same height as
the common frames and wider by twice the thickness of the
sheeting.

{e) In using this frame, the sill is first placed accurately
in position at a half inferval in advance, the posts are set
up, and the cap placed upon them and wedged. The whole
frame is then raised about 2 inches by driving wedges under
the sill, and is secured by battens. The sheeting now rests
directly upon the cap and posts and has enough inclination
to clear the next frame by its own thickness, as is required.
The next iframe is then set up, the wedges driven under the
sheeting, and the false.frame removed, which is easily done
owing to its construction.

{) In loose, caving ground, when pressure on the sheeting
is too great for driving, bridges are used (fig. 140) which
consist of 3-inch blocks of width and length equal to the
cap or post. A frame being in position, a bridge is placed
over the cap supported at each end by wedges the thickness
of the sheeting. The bridge is used to keep the rear sheeting
from bearing hard on the cap, thereby allowing an opening
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thraugh which the forward sheeting is driven. As the sheets
ing is driven forward piece by piece, it is sometimes necessary
to pick the material away from the point of each board.
In this manner. the entlre shield of sheeting is advanced until
in its final position. 'The next set is blocked info position
and the saine process continued. When necessary to hold
up the sheeting during the final operation of placing the

FIicure 141.—Use of shield.

next set, a false set as described, or posts and headboard
may be put in place to be removed when the next permanent
set is placed. Side sheeting is driven as for roof sheeting
under similar ground conditions.

(g) To drive the gallery in very loose soil, & shield (fig. 141)
may be used to prevent the earth in front and above from

FIGURE 142.—Change of slope.

caving into the gallery. When excavation at top of gallery
has advanced as far as it can go without causing the caving
to extend beyond the top sheeting, a piece of plank a foot
wide and in length equal to the width of the gallery is placed
directly under the top sheeting and agdinst the face of the
excavation and is held in place by braces at its ends secured
to the gallery lining. The earth is excavated until a4 second
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plank of the shield can be placed in the same way as before
under the first one. This is continued until the entire face
is covered. The top and side sheeting are then driven for-
ward and the top plank of the shield is removed and replaced
in advance, after which each plank is removed and replaced
in succession as previously described. -

(h) Change of slope (fig. 142) —T0o pass from a horizontal
to an ascending gallery, it is only necessary to give the top
sheeting the proper angle by holding down its back end with
a piece of scantling placed across the gallery for that purpose,
and to give the side sheeting the proper inclination, cutting
trenches in the bottom of the gallery for the lower pieces if
necessary.

In passing from a horizontal to 2 descending gallery the
roof may be carried forward horizontally and the floor given
the desired pitch by increasing the height of the consecutive
frames until enough headroom is obtained to allow the top
sheeting for the descending gallery to be inserted at the proper
height and in the new direction, The frame at this point s
made with a cap (upon which the sheeting rests directly),
and a second crosspiece below it, serving as a ¢ap for the de-
scending gallery. From this point forward the frames may
be set perpendicular to the axis of the gallery.

If the descending gallery is very steep and the horizontal
pressure of the soil great, it may be necessary to strengthen
the posts of the last two or three vertical frames by
crosspieces near their upper ends.

(i) Changing direction horizenially—In changing direc-
tion horizontally with frames and sheeting, if the sofl will
stand for a distance of one frame interval or even less, it is
only necessary-to place one or more frames at an angle until
the necessary change is secured. The sheeting on the out-
side is placed by running the forward end past the frame and
then inserting the rear end behind the last bay of sheeting.

If the sides require constant support (fig. 143) the outer
ohe may be continued in the old direction until the wedge left
is thick enough to permit the sheeting to be driven in the
new direction. A short bay may be put in to reduce the
amount of work to be dene. Frames with extra long caps and
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sills are required, and the last one used is given an extra post
on the outside to take the sheeting in the new direction.

For abrupt changes of direction in Iarge galleries it is cus-
tomary to drive in the original directlon entirely past the
turning point and then break out a gallery in the new direc-
tion, A gallery starting out from the side of another is called

a return and is rectangular or oblique according to the angle
made by its axis with that of the original gallery, which is
called the gallery of departure (see fig. 144).

That the return may be broken out, the interval between
the frames of the gallery of departure at this point must be
such as to admit between the posis a frame and the side

=y
A l/h’
|
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. by
FiguURE 144.—Breaking out returns.

sheeting of the return, This part of the gallery of departure
is called a landing, and its floor is made horizontal.

If the return is oblique, its width measured along the gal-
lery of departure Is detéermined by an obligue section, and
may be so great that the strength of the lining of the gallery
of departure does not allow hecessary length of landing. In
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this ease a short rectangular return is first broken out from
the side of the gallery of departure and the new gallery is
broken out from the side of this return. The latter method
diminishes length of the landing when change of direction
is less than 45°,

The fioor of a return is started at the level of the fioor of
its landing. In firm scil which will stand for a short time
without support, the first frame may be sef up entirely out-
side the gallery of departure and may be of the same height
in clear as this gallery. When the soil is bad, however, and
side sheeting is required in the gallery of departure, the first
frame of the return must be set up against this sheeting in
the interval between posts of the landing. This makes the
clear height of the return at this frame less than that of the
galiery of departure by a liltle more than the thickness of
the sheeting, When the first frame of the return is set
against the sheeting of the gallery of departure, the sheeting
may be pulied or cut away to permit excavation, beginning
in either case with the top plank.

The first frame of an obligue return should be so set
that the sides of the posts are parallel to the side walls of
the return, thus giving a good bearing to the side sheeting.

In very bad soil the first few frames of a return must be
firmly braced by battens connecting them together and by
struts across the galiery of departure to resist the back-
ward thrust of the earth, The latter are removed When
the return is sufficiently advanced,

(6) Chambers—(a}) In carrying a wide face of ground
as in chamber excavations, care must be taken to prevent
falls of earth from the roof, and excavation of the whgle
face in one plece should not be attempted. - ¢

(b) Earth should be excavated on sides and top, leaving
a supporting bench in the center which should not be
excavated until the frame is put in place.

(¢) Chambers should not be at intervals of less than 20
feet. :

(7) Emergency erxit—(a) An emergency exit should be
added as soon after completion of the shelter as possible.
It may consist of an incline or a vertical shaft equipped with
a ladder,
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(& It should emerge at some point such as a shell hole
where it is secure from observation and detection by enemy
troops actually on the ground. Its purpose is to prevent
trapping troops in the shelter and to permit launching a
counterattack by the occupants.

(8) Lines and grades.—(a) Line.—A string stretched along
shallow saw cuts in centers of caps and sills is the simplest
method of maintalning straight lines in timber construction,
Plumb bobs hung from nails in center of caps are used
for lining by eye, Sills should be leveled and posts plumbed
while the frame or case is bejng lined and blocked into place.

(b) Grades.—The minimum grade which will insure drain-
age in galleries and chambers is about 1 foot per 100 feet
(1 percent), Uniform prades are difficult to maintain with-
out a level and a grade board. A convenient size of grade
hoard is made from a straightedge piece of 114~ by 6-inch
lumber from 6 feet to 12 feet long with a small cleat nailed
on one end. The cleat is of such thickhess that when
the board is placed on a surface with a carpenter’s level
on top, the desired grade will be obtained when the level
bubble is centered.

¢. Plans and lay-out for cove shellers—(1) Plans—Be-
fore starting work location sketches showing over-all di-
mensions are necessary in order that proper material may
be ordered or prepared.

(2} Lay-oult—(a) Work is simplified if the shelter is so
placed that all entrances are perpendicular to the same base
line. ‘The chamber should be perpendicular to the probable
direction of fire for the reason that the probable error of
artillery fire In deflection is less than the probable error in
range, :

(b) Lay a base line parallel to the long axis of the chamber
and so mark this line that it can be re-laid easily should it
be destroyed, .

(¢) Mark center lines of entrances on this base line, and
from each gide of the mark at a distance equal to one-half
the outside width of the entrance, erect perpendicular lines
to the points where the first frames are to be placed. The
perpendiculars to the two ends of a frame must be of equal
length so that the first frames will be set parallel to the base
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line. It is very important that these first frames be accu-
rately set.

(d) The horizontal distance of each frame from the base
line and the difference in elevation between the various frames
must be determined: ‘This work is usually done with a car-
penter’s level and square, and difficulty will be experienced
in checking accurately.

{e) The axis of the inciine must be carried in a plane per-
pendicular to the base line which is usually accomplished by
sighting along the sides of the incline.

d. Types of cave shelters—(1) Standardization and sim-
plification of cave shelter construction facilitate use of stand-
ard materials already described.

(2) There are two standard types of cave shelters, recess
and gallery. Variations may occur in shelters for special
purposes as in the case of first-aid shelters which reaquire
wider entrances and passages, and gentler slopes for handling
litters.

(@) The recess, 8 feet inside width, employs the chamber
gallery. The passage in the shelter is at the side, thus leaving
the bunk space in a recess with the bunks perpendicular to
the passage. This type is recommended for use where condi-
tions do not impose another selection. It is favored by econ-
omy in space, labor, and material per occupant; there are
70 cubic feet of eXcavation per linear foot and per occupant,
and 113 feet board measure of lumber per man are required.

(h) The gallery, 6 feet 6 inches inside width, employs the
great gallery. In this type the connecting passage ¢r entrance
is central with the axis of the room, thus permitting two lines
of bunks parallel with the long axis of the chamber, one on
each side of the passage. There are 62 cubic feet of excava-
tion per linear foot, 93 cubic feet per occupant, and 185 feet
‘bhoard measure of lumber per occupant are required. It is
simpler to construct than the recess shelter, but this advan-
tage is usually outweighed by the economy of the recess type
in excavation and materials.

(3) In construction of shelters, the room or chamber
proper, the connecting passages, the entrances which may
be by incline or not as conditions require, and the approach
to entrances are to be considered. Lay-cuts for several

261



58 ENGINEER FIELD MANTUAL

requirements as to use of cave shelfers are given in figures
145 to 151,

(4) In addition to the classification of types given above,
shelters may fall in any of the following classes:

(@) Infantry cave shelters (personnel) (figs. 145, 146, 147),
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tb) Command posts (fig. 148).
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(d) First-aid shelters (fig. 151).
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(5) In connection with the approach or connecting gal-
leries between chambers, the details of gallery construction
with frames and sheeting with standard material have been
shown in figures 140, 141, 142, 143, and 144.

e. Infantry cave shelters—(1) Standard arrangemenis of
infantry cave shelters of the recess and gallery types with
connecting passages, ineclines, and entrances are shown in
figure 145.

(2} An example of a lay-out for infantry cave shelters of
the recess type is shown by figure 146 with a material lst
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in table XXXIX. Capacity of the shelter is 30 men in
double-tier bunks. Inclines having a depth of 25 feet between
landings and approaches, passages, and bomb pits are cov-
ered in material list. It is desirable.to. extend-the .weight
columns in the requisition to assist the engineer supply officer
in providing for transportation.

Tapre XXXIX-—Material list, infantry cave sheller, recess
type (fig. 146)

CHAMEBER
Item Size Unit Wy | iznty
Frame, I-beam _____. __ Chamber._....._____ - 11 (2) 2,750
Posts, end frames only.| 6 by 6 by 6 feet 6inches 4 310
Post, bunk.___._ e 4by 4 by 6feet6inches 4 (1} 140
Sprag, topand bottem, | 3by 8 by Gfeet __.____ 20 4) %0
sldes.
Sheeting, top, 4inches | 2hy 6 hy Sfeet.._. }..__ do.._.__.| 180 (38) 3, 600
to 10 inches wide.
8prag, top, center.__7__ 2by 6 by 6feet___.___ Y 1, 10 (2) 240
Bunk frame, length- [ 2by4by6feet.. . __J.____ do ... 32 (6} 515
wise.
Bunk frame, crosswise.{ 1 by 4 by 6feet.._____ 10 (2) 80
Post, bunk____...__._...| 2by4 by 3feet Binches. 20 (4 195
Shoeting, side, 4 to 0 | Y by 6 by 5feet.______ 280 (56) 4,200
inches wide.
Bheeting, ends only_._.| 124 by 6 by Gfeet.__.__ 56 840
Battens..__._..__ 1 by 6 by 12 fect__ B (1) 120
Bunkframe .. ________ 1by 4 hy 7 feet 10 (2) 95
Wedges. . oo Standard ... ___|...C do...._..[ 11¢ (20) 155
Flooring, if used . ______ linch_.__. 100 {20) 400
Corrugated iron, gal- | 9 feet by 24 inches, No. | Sheets_.. . .. 20 (4) - 6§40
vanized. 20, :
Wire netting, bunks__.| 72 inchs wide, 2-inch | Linear feet | 65 (13) 30
mesh,
Wire, bunks (8 cross- | No. 12 o .. . R . [ T 750 {150) 25
wise). .
15 (3) 15
1.25 (.25) 2
20 (1 20
__________ 15, 332

1 Figures in parentheses show guantities required for unit length of 6 feet,
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PASSAGES AND BOMB PITS

Gallery cases____...._.

Battens__

Wedges o - oo

Sheeting, top, bomb
pit.

Sheeting, side, bomhb
pit.

Furring strips, bomb
pis.

Nails_ o

Iby6byil0feet.. .. _
Stapdard_.______....._
2hy6hy Sfeet ... _

28

112

58

6, 160
160
160
250

Cases, gallery. . _--o._ Commeon..____._ ... 62 13, 640
Battens. __._.______..__ 1lbyt6bylDfeet . ____ 28 560
WedBes. _.oooooooo_. Standard._._______.__. 248 345
Headers and risers.._._ 114 by 10 by 3 feet 6 122 2,135
inches.
Nails. e Tenpenny_ .. ...____. 19 10
|
Total weightoo. | oo ool B S 16, 690
TWO AFPROACHES
Cases, gallery___.____ .| Common_____________. Each__...__. 2 440
Diagonal braces, tocut_ | 2bhy by steel . ____[ . _do. . __ 2 65
Baffle boatds . .__.---__{ 2 by 12 by 3 feet 6 [____. do.._. .. 2 &5
inches.
Revetting heards....__| 1by6by 10feet . __|..__. do.... 8 160
Stair stringers___ 2by 10 by 10 feet 2 130
Stair treads 2Zby 10 by Gleet . __. 4 160
Stair Tisers_ ... .. __ 1by10by 3feet_ _____. e do L 6 GG
Wedges Standard 8 pil
Concrete hursters..___.|--.__ Qo .. 84 12, 180
Sandbags_________..__.|--._. {1 |4 T, 60 30
Nails. ..o Twentypenny... 1 10
Wire, bursters._. I [ 80 4
Total weighi_____ Y E [ PR 13, 304
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MATERIAL LIST CONSOLIDATED

Item Unit Quan | Welght
Crallery frames, I-beams, chamber size_ . Eacho._._.______ 11 () 2, 750
Glallery eases, commen size_ ... . _.____|..___ doo.______ a2 20, 240
Bhy by Bfeetfinghes. . _.____________. 4 310
4by4by6leetbinches. .. __ 4 (1) 140
Iby8bybfeet .. ___ 20 {8 960
2 by 12 by 3 feet 6 inches._ 2 [
2by l0byi0feet. ________. [ R, s [ D, 2 130
2by l0by6feet | do...__.__.__ 4 160
2 by 6 by B feet._ 2 65
2byébyBteet oo 10 (2) 240
2 by 6 by & {eet (or equivalent 4 t¢ 10inches |_____do.....___.__ 194 (36) 3, 880
wide}.
2hydbyefeet .. (6) [18
2 by 4by 3 Jeet 8 inches_____ (4} 195
2by2byéfeet. ... 95
134 by 10 by 8 feet 6 inches 2,135
114 by B by 5 feet (or equlvalent 4 o 10 inches|_. __. doo....______| 384 (58) 5, 760
wide).
lbyidbydfeet . .. 60
1by6by12feet . (0 120
1by6hy lofeet. .. 880
1by4by Tleet (2) 95
1by4by6feet . 2) &0
Wedges, standard. e 670
1-inch flooring. . ... (20) 400
Corrugated ironm, galvanized, 9 feet by 24 {4 540
inches, No. 20.
‘Wire neiting, bunks, 72 inches widae, 2-inch | Linearfeet__.._. 65 (18) 30
mesh.
Wire, bunks, No. 12 ________ .| de___ ... 750 (150) C
Wire, bindiog, No. 12| do._. ... £0 4
sStaples, 74-inch, No, 9__ 15 (3 15
Nails, tenpenny. ___.__ 20 (.25) 20
Nails, twentypenny, L)) 30
Concrete bursters, standard 84 12,180
Sandbags, stendard. ... _....__ 60 30
Total welght .|| 52,909

1 Figures in parentheses show quantities required for unit length of 6 fcet,
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WEIGHTS
Tiem Pounds Tons
1,025 0. 51
............... 38, 010 19. 45
Cencrete bursters. 12,180 6.09
Miscellaneous. ___ 74 .40
Total welght oL 52, 909 26,45
Corrugited 2Bhecting, 6%3Cap.
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(3) An example of a gallery type infantry cave shelter with
material list in table XI: is shown in figure 147. Masterials
for inclinesy, approaches, passages, and bomb pits are not
included. Cadacity of the shelter is 24 men in doyble-tier-

bunks.

sages and entrances

combinations.

Estimates for any arrangement of connecting pas-
may be made by using proper

TasLe XL.—Material list, infantry cave shelter, gallery type

(fig. 147)
Item stz Guit | Quane | Weleht,
Frames, gallety . ... Great. ... Each_._..._. 13 () 4,875
Post, bunk_._____._.___ 4by 4 by 6feet 6inches | ____ do - 14 {3 485
Sprag, topand bottom, | 3 by B by 6feet_.______|.____ do..._. (4 1,150
sides.
Bheeting, top, 4 to 10 | 2byG6bybfeet . ... do.......| 180(30) 3, 600
inches wide,
Bunk frame, crosswise, | 2bhy4by 8leet .| __ do__...__ 7t 150
to cut.
Bunk frame, length- | 2bydby7iect._ | ___. do__... 43 (8) ROF
wise.
Sprag, top center_....._| 2bydhy6leet ______|.____ do...._. 43 (8) B93
12 (2 1%
Shecting, side, 4 to 10 | 14 by 6-by Sfeet. | __ . do.o. 360 (60) 5, 400
inches wide,
Sheeting, ends only, 4 |____. [ 1 TR do_____. 30 450
to 10inches wide,
Wedges. ..o Standard-- . _[._.__ do.____.| 130(20) 180
Flooring Square feet 9(15) 360
Corrugated iron, gal- | 8 feet by 2% inches, | Sheet____ . 24 {4) 696
vanized. No. 20,
Wirenettlng..___ .~ 36 inches wide, 2-inch | Linear feet__|  156(26) 40
mesh,
Wire,bunk._____. ...~ No. 12 .. 450(80) 12
Staples._.___ ... [ Za-inch, No. 9 12 (2)] 12
Nailsoc.___.__ - Fortypenny....- 12 (2) 12
Total weight..___ Ry PRUP U [POIP - 19, 402

1 Figures in patrentheses show quantities required for unit length of 6 fect.
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WEIGHTS
Item ' Pounds Tons
Laumber oo e e e 18,630 9.31
Miscellaneotls_____ N e T2 .39
Total e 19,402 9,70

f. Command posts—(1) Several plans of command posts
are shown in figure 148. The lay-out of command posts can-
not be standatdized as each situation will present a different
problem in providing floor space required with least expendi-
ture of labor and material, Floor space required for com-
mand posts of various units is given in paragraph 64. For
other types of command posts see paragraphs 39¢ and 57e.
Material lists for complete work may be computed as here-
tofore indicated. )

(2) Note that in the suggested designs of command posts
in figure 148 all passages are of the common gallery size and
the rooms are of the chamber gallery size and similar to
figure 146. In general, command posts for the larger units
will consist of a combination of rather small chambers at
right angles to the passage and long recessed chambers along
the passage. The small chambers will normally be used for
combined offices and quarters for commissioned personnel of
the staff while the long recessed chambers will contain bunks
for the enlisted men. Chambers huilt at right angles to the
passages should not extend more than 15 feet unless ventila-
tion holes or shafts are constructed in the end of the room.

(3) In computing flpor space of shelters to be used for
command posts, the area of passages should not he included
singe all passages must be kept open and unobstructed.

g. Artillery—{(1) Lay-outs for artillery cave shelters are
shown in flgures 149 and 150. Note that the standard cham-
ber gallery and the common gallery sizes are used. Estimates
for material for arrangements shown or for any adopted
arrangement may be made ag heretofore Indicated.

(2) The arrangement ¢f the four guns of a battery in line
is not essential as they may be echeloned or divided into

262375°—40——18 269
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- groups. Not more than 18 men per piece should be housed at
the gun, the remainder of the unit being housed in a shelier
200 or 300 yards away. It is advisable in some cases to
eonstruet the command post away from the guns.

shelter should be located 200 or 300 yards away,

. Lecacnnoancaal
- g N o B

D50 a——-l--;,-o-l'—--—sa-e——-l.r

Shetter Yor Platoon showks dotied
C. P, for a small unit such as an infantry platoon.

AOIRNRNNNINNNN |

18"

o
&

—Ic:s P—Jo-‘sa—.- Fél~

C. P, for a company

e-l- o.z-s o o-otes

C. P. for a batialion

c P. for a regiment

FIoure 148.—Lay-out of command posts.
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(3) Where conditions prohibit construction of cave shelter,
some form of cut-and-cover shelter may be substituted. The
designs shown in the figures are not intended for any partic-
ular gun or howitzer.

h. First-aid—(1) Pigure 151 shows a shelter adapted for
first-aid use, having ease of passage for litter bearers through
passages, aisles, and inclines. Note that rooms are made
with standard chamber gallery frames and connecting aisles
with great gallery frames with the caps and sills shortened
to a length of 5 feet 6 inches, Estimate for material for
this arrangement may be obtained as heretofore indicated.

(2) The 45° incline is too steep for handling litters with
e€ase; an incline of about 31° is preferable.

i, Protection of entrances——(1) Entrances should be con-
cealed from enemy observation and protected from destruc-
tive shell fire. TUsually they open to the rear (out of the
front slope of a trench), occasionally to a flank, but never
to the front. They should be so far apart that more than
one cannot be blocked by a single sheill burst, usually 50 feet
and never less than 40 feet, There should e at least one
angle or bend in the trench hetween them, and they should
be at least 5 feet from such angle,

(2) There should be ati least 3 feet initial headcover over
the top of the first frame of the entrance proper, and a
hurster course from 5 to 12 inches thick composed of rock,
broken stone, or concrete slabs should be placed above the
entrance not more than 1 foot from the surface. No attempt
should be made to strengthen the head of the incline by logs,
rzils, I-beams, concrete arches, extra heavy timbers, or com-
plicated bracing., Amount of protection gained in this way
would he much more apt to cause a serious block in the en-
trance if hit because of difficully of clearing away broken
logs, twisted rails, etc.

(3) No form of defense against grenades which would tend
to obstruct the entrance to a cave shelter or delay rapid exit
can be permitted. The only protection allowable is a grenade
or bomb pit at the bottom of the dugout constructed by lining
a shaft in prolongation of the inclined shaft to a depth of 6
feet below the gallery level (see fig, 146). This is constructed
after the shelter is completed and may be used also as a
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sump, but must be kept clear of debris, Grenade pits are
constructed only in shelters in forward areas where raids are
likely to occur,

(4y The hest protection for entrances to cave shelters is
concealment from ground ohservation and from discovery
by aerial photography (see FM 5-20). To avoid ground
observation, entrances should be located on reverse slopes,
in old quarries, sunken roads, etc. To avoid detection by
aerial photography they should be located in trenches used
for other purposes. They should cause no visible break in
parapet nor otherwise modify appearance of the trench.
Rectangular notches in or projections from firing crests of
trenches are especially conspicuous and easily distinguished
on aerial photographs. Locating shelters in woods protects
them from both ground and air observation. -

4. Quantities of materials required.—(1) Material lists for
any lay-out Iin which the standard materials are used may
be made up from the list for each type of structure included
in_the lay-out. Thus, for a cave shelter, the tables for a
certain type of chamber, an entrance passage (inclined or
otherwise), and an approach to entrance will ordinarily be
used (see fig. 146). If several chambers are connected under-
ground, the table for the proper size of gallery for the con-
ne¢ting passage will also be used.

(2) The following allowances have been made in tables for
materials:

(@) Standard wedges per set:

Framed gallevy—_ el 10
Cased gallery. e 4
(b) Sandbags, per square foot of revetting face_______ 3
(c) Bursters, per entrance (7- by 6-inchy___________ 42

(d) Miscellaneous: .
Wire netting, 36-inch, 2-inch mesh, per bunk,
linear feet _ - _ o o __ 6.5
Staples, per bunk, pound, %%-inch, No. 9______ .5
k. Rate of work—In calculating size of working patrties and
rate of work, the following figures may be taken as average.
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These parties perform all work including timbetring, exclusive
of disposal of spoil on the surface,

(1) Inclines—Common gallery, size 6 feet 4 inches by 3
feet inside clear dimensions. :

1 man picking and timbering.
. 1 man filling sandbags and timbering,

1 relief- )y pan carrying for each 10 feet that working

face is from entrance.

Average progress for each shift of 8 hours about 3 feet §
inches; may vary from 1 to 7 feet, depending on all conditions,

(2) Passages—Galleries, common gallery size.

Working party same as for inclines.

Average progress for each shif$ of 8 hours about 4 feet,
May vary from 1 to 8 feet, depending on all conditions,

3) Chambers—(a) Chamber gallery size, 6 feet 4 inches
by ‘8 feet inside clear dimensions,

2 men picking. .

4 men filling sandbags and {imbering who relieve

pickmen as they tire. ’ .

Add 1 man per pickman for each 10 feet of carry.

Average progress for each shift of 8 hours about 3 feet,
May vary from 1 to 6 feet, depending on all conditions.

(b) Great gallery size, 6 feet 4 inches by 6 feet 6 inches
inside clesr dimensions.

Working party same as (@) above.

Average progress for each shift of 8 hours about 3 feet
6 inches. May vary from 1 to 8 feet, depending on all con-
ditions,

(4) Surface carrying party:

1 man can carry 100 sandbags a distance of 200 feeg
in 8 hours on surface under ordinary trench con-
ditions.

1 bag equals 0.5 cukic foot, about 50 pounds.

(5) Labor underground can be economized by use of min-
Ing cars, windlasses, etc.

B 59. DRAINAGE—qa. Surface and rain water——Surface and
rain water must be excluded from all shelier entrances. If
drainage of the trench is sluggish, two sumps must ke dug
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in the bottom of the trench at least 6 feet clear of the sides
of the entrance, and strongly revetted. The bottom of the
trench in front of the entrance must then be graded to
the sumps so that the highest point comes in front of the
entrance. Where the entrance takes off directly from the
trench baffle boards must be used. These should extend at
least 6 inches beyond sides of the entrance, and to a height
of 10 inches above the bottom of the trench. Admission
of direct rainfall into entrances must be prevented either
by desien of entrance or by construction of.some form of
weatherproof shelter over it.

b. Seepage.—Protection against water seeping into cham-
bers is essential, particularly in the case of cave shelters.
In a cut-and-cover shelter this is accomplished by placing
corrugated iron in the roof above the sheeting (see fig. 130).
In cave shellers a strip of corrugated Iron is placed on top
of the cap of the frame. The sheeting is then driven over
the top of the iron. The space between caps is filled with
an additional piece of corrugated iron which is supported
by the sprags (see fig. 147). Seepage is thus carried to the
sides of the chamber where it is collected in a gutter leading
to a sump.

¢. Removal of water from chambers and galleries—Such
water as gains entrance to chambers and galleries in spite of
precautions must be taken care of or it will collect and flood
the shelter. Galleries should always be driven on g l-per-
cent, or 1 foot to 100 feet, grade longitudinally and all slopes
should fall toward a point or points where the water can
be disposed of. If the shelter has a level entrance such as
might occur in a reverse slope location, nothing is required
except to regulate the slopes so that all water wiil run to
the mouth. Using a l-percent slope, the floor of the gallery
should be sloped laterally and a gutter formed along one
side. If the shelter is entered by an incline or shaft, a pit
or sump must be formed at the bottom into which water
can collect, and from which it can be raised to the surface
by pumping, siphoning, or bailing.
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B 60. VENTILATION —Ventilation, particulariy in reference to
cave shelters, is very important and should be given careful
consideration. It includes the following problems:

a. Providing a sufficient circulation of fresh air through
the incline, shafts, galleries, and chamber.

b. Gasproofing, or exclusion of gas from all parts of the
shelter.

¢. Providing a supply of pure air by means of air purifiers
when entrances and ventilation shafis are closed during a
prolonged gas attack.

B 61, ClrcULATION oF FrREsH AmR.—a. In the case of surface
and cut-and-cover shelters no serious difficulties arise, and
the problem may be handled usually by keeping entrances
open.

b. In the case of cave shelters ventilating shafts in addi-
tion to entrances are usually necessary. They are in the
form of small vertical shafts which may be bored from within
after completion of the shelter. A stovepipe through one
of these shafts agsists circulation of air materially. In some
cases where the ventilating shaft is not provided, a small
fire near one of the entrances will create a draft and thus
keep the air purified. In very large and elahorate systems

_of shelters & forced draft may he caused by means of fans,
¢. A gallery should not be driven more than 60 feet without
artificial ventilation. The only possible way of ventilating
a gallery with a single opening is to force fresh air to the
working breast which may be done through a duct of wood
or metal, or canvas or other hose. A pressure blower worked
by hand or power is among the essential items of mining
equipment. For excavations of moderate eXtent a portable
forge forms a convenient ventilating device. If a gallery
passes under surface cover, drill holes made through the roof
and breaking the surface under protection of the cover may
be used to promote ventilation. In a system of galleries
having two or more outlets, air may be exhausted from one
ang drawn in through the other. Screens or doors may be
arranged to compel desired distribution of fresh air. Vacuum
operation is.never as satisfactory as & pressure system.
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B 62. GasPrROOFING.~—a. Due to their low level protected shel-
ters are particularly subject to gas concentration, and in all
cases protection must be provided by means of curtains in
entrances. During extended gas attacks men must be enabled
to work and rest inside the shelter with their gas masks off.
This is most important in shelters where men are placed
pending evacuation who are so wounded that they cannot
wear a gas mask, in shelters used for medical dressing stations,
telephone central and signal stations, observation posts, head-
quarters, and other activities whose efficiency would be con-
siderably reduced by wearing the gas mask.

b. Adjustable curtains made from wool or cotton bilankets
and supported on a light, sloping framework are the most
effective means of excluding gas from shelters. The curtain
and framework must be assembled at the shelter site and
built to fit each shelter.

¢. Gas curtains must be—

(1> Impervious (0 gas.

(2) Of the simplest possible construction,

{3) Such as to permit rapid exit in case of a raid.

{4) Readily rolled up and put out of the way when not
in use.

() SBo arranged as to drop in place instantly.

Ordinary blankets soaked with water or oil may be used.
A more efficlent curtain than this is needed and experiments
to date indicate that a wool or cotton blanket faced with an
impermeable fabric or impregnated with a suitable chemical
agent will be provided.

d. Curtain frames should be nailed securely to the sides
and top of the entrance timbers, close-timbered for this
purpose. It is somefimes necessary to place curtain frames
on the steps, but they should be placéd in horizontal entrances
or horizontal approaches to inclines whenever possible. The
curtain frame for stairways (fig. 152) is similar to that used
for horizontal entrances.
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'TasLe XLI.—Material Iist, gas curidin for protected shellers

(fig. 152)

Item Bize Unit Quantity

Curtain:
Bilanket. ... ... Fach-.._.... 1
Tacks. e an Package.__ 2
Nailg.._ - Pound.._.__ 2
BSmall weights_ ______ Each..__.___ 16
Laths. . ____.___ 44 bylby2fect8inches.._____J ____ do....___ 2
Do . 1ls by 1 by 2feet2inehes ______|.____ do...__. 2
Bottom strip.___.___. ihy2by2fectBinches. . __.|.__.. do.....__ 1
Topeleat . ... _. 1by2by2icct 1linehes______}.____ do ... 1

Frame:

Frame pleces, front. .| 2by d by W6feet ____  ______ N P do._ ... 1
BasH e e 1hydbyibfeet . __[___. do.______ 1
Molding..oceenooo. lby2byi6feet . _____|..__. [ [ T 1
Topandshell _____._|¥hyb6by8feet . __._________j.____ Ao, __ 1
Furring....._ ——em 1by 2by12feet ... _|-___. do_.... 2
Nails_ . .. TenpeDOyY. ... e——mam _-| Pound.._.__ 1
B3 1+ T Twentypenny .o e . doo.____ 2

e. Front, rear, and side views of the curtain are shown
in figure 152. The curtain is fastened to the frame at the
top by a cleat., Three inches of blanket material are left
projecting above the top of this cleat to be later fastened
tightly to the underside of the cap. The 1-inch by 2-inch
strip at the bottom of the blanket must be of perfeetly straight
material, and when it becomes warped it should be replaced
immediately, When used in an incline this cleat ig allowed
to rest on the fioor of the steps and the curtain should clear
the side lagging by % inch. Judgment should be used in
cutting the blanket to the proper size in an opening. Weights
made from nuts, washers, scraps of iron, bullets, etc., are
fastened along the side edges of the curtain, Gas curtains
should clear the side lagging by Y2 inch and the floor by 1%
inches when placed in horizontal entrance approach. When
not in use the blanket is rolled up and placed on the shelf
at the top of the frame,

f. Number and position of curtains.—There should be two
gas curtains in every entrance in order to make & gas trap
or space between the two and permit entry and exit during
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attack without ailowing an appreciable amount of the gas
to get into the dugout. The curfain frame should be set
on 2 slope of 3 on 1. Whenever possible curtain frames should
slope in opposite directions with curtain on the outside (see
fig. 162). The space between the two blankets should be
as great as possible in order to secure maximum dilution of
the gas which will inevitably get in. In first-aid stations
curtains are placed at 1east 8 feet apart or at top and bottom
of the incline, In short horizontal entrances the curtains
are necessarily closer t0 one.another; but the space should
be as great as possible and never less than 4 feet at the top.

¢. Other openings—Curtains may be made for windows in
the same manner as for entrances, except that only one cur-
tain need be installed. Holes made for periscopes and for
ventilation purposes should have blanket-covered plugs hang-
ing nearby to stop up the openings in case of a gas attack.
0Old clothes may also be used. Any openings behind entrance
timbers should be filled with clay, old clothes, or sandbags.
All crevices around the curtain frame in either the frame or
entrance timbers should be calked with pieces of blanket,
Unless this is done the curtaing are useless. If a dugout is
not practically gastight, all pretense of protection should be
removed.

h. Flooring or steps in front of a gas curtain should he kept
clear of all mud or refuse. The seal between curtains and
frames is more effective if the curtains and frames are kept
moist at all times. They should be sprayed daily with water
or with gasproofing soiutions which should always be kept
on hand. A pail or other container filled with fresh chloride
of lime should e kept on hand at all times in gasproof dug-~
outs. During gas attacks or when men have been exposed
to gassed terrain, the chloride of lime container should be
opened and placed in the gas trap between the curtains for
use of all personnel entering the dugout to destroy mustard
gas on the feet or hands. Mustard gas or similar agent car-
ried into a dugout soon converts the dugout into a gas trap.

¥ 63. A SUPPLY DURING GAS ATTAcK.—¢. In any future use
of chemical agents in war, such agents will in all probability
be used to maintain a continuous concentration in certain
areas for-comparatively long periods of time. Assuming that
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1 cubic yard of air is sufficient for one man for 2 hours, the
air in an occupied shelter would become unfit for breathing
within 4 or 5 hours after the gas curtains were closed, ¥or
this reason it is important to determine the best methods
of supplying fresh air by means of air filters and forced feed
during such periods of gas concentration, It is necessary to
build up a slight positive air pressure within the dugout,
first, to prevent seepages of gas through cracks that cannot
be closed, and second, to prevent gas being brought in by a
rush of air when personnel enter or leave the dugout.

b. This positive pressure may be secured by means of a col-
lective protector which introduces filtered air into the dugout
on the principle of the gas mask and provides a current of
air passing from the inside of the dugout to the outside
through the minute openings which might otherwise allow
entrance of gas from the oufside.

¢. Field collective protector—a field collective protector has
been standardized. It consists primarily of a purifying unit
(canister) and a gasoline engine-driven blower hoth mounted
on a common kase, A long hose extends from the collective
protector for the purpose of delivering purified air into the
protected space. The collective protector may be transported
by truck and has a capacity of approximately 200 cubic feet
of purified air per minute,

# 54. FLoor Space—The following table gives data from
which amount of shelter construction necessary may be ap-
proximated. For types of command posts see paragraphs 39¢,
57e, and 58/. '

Square feet

Troops, per man oceupying____ . ___... 9 to 12

First-gid station, per litter__________________________ 28

Command post:
Platoony o __ . ___ . -~ 100
Company________.____________ e 200
Battalion____ . ______ _____ . __. 400
Regiment_________________ o _._ 600
Brigade 800
Division - - e __ 1,600
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B 65. Tmve For CoNsTRUCTION—I. Tahble XLII gives estimates
for construction time for various shelters as illustrated in
this section. IEstimates are based on assumption of average
firm soil, well-trained men, and material delivered at site.
They inctude time of the lahor required to dispose of exca-
vated material and to handle construction material. The
area used is that of the room providing shelter and does not
include areas in passageways or inclines. Estimates are sub-
ject to considerable uncertainty on account of the variety of
conditions encountered,

b, With men untrained in this character of work tnie man-
hours per.square foot of chamber may be increased 50 per-
cent; after a period of experience, however, & detail should
approach the. estimate. Time of construction may be
shortened--by increasing size of the detail where conditions
of work make this possible. .
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SEcTION IX
SUMMARY

B 66. GeneraL.—¢. Field fortifications, hasty or deliberate,
are generally laid ocut and constructed by the occupying
troops,

b. Engineers assist fleld fortification work by—

(1) Supply of tcols and materials.

(2) Execcution of works of general use,

(3) Lay-out and construction of rear positions.

¢. Field fortification works consist of fox holes, trenches, ob-
stacles against both foot and mechanized troops, weapon
emplacements, protected shelters, clear fields of fire, and
camocuflage.

d. Open works protect against light artillery and fragmen-
tation bombs, covered works generally against medium shells
or hombs.

e. Allow for effects of surface and ground water and type
of scil to be encountered in siting and constructing field works.

f. Use existing terrain features to reduce fortification work.

W 67, TERRAIN APPRECIATION.—&. Evaluate terrain in terms of
ohservation, flelds of fire, cover and concealment, obstacles,
and communications; of these, observation is usually the more
important,

b. A terrain compartment is an area bordered on at least
two sides (opposite sides) by terrain features which prevent
ground observation into the area. It may form either a cor-
ridor or a cross compartment.

c. Boundaries in attack should coincide with boundaries of
corridors,

d. Boundaries in defense should fall between corridor
houndaries so as to assign avenues of approach to units most
affected thereby.

e. A cross compartment favors the defense.

§. To assist terrain studies on map or photograph, one or all
of the following devices may be used: emphasize drainage
lines, add ridge lines, emphasize certain contours, see TM
5-220.

g. On tactical studies of terrain see FM 101-5 for details.
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B 68. ORGANIZATION oF THE GROUND~—a. To develop full
strength of a defensive position—

(1) Dispose troops so their fires are coordinated.

(2) Provide fields of fire.

(3) Construct field fortifications.

b. Use hasty fortifications when under fire or threat of fire,
deliberate when out of contact with the enemy.

¢. Develop hasty fortifications into deliberate types as time
permits.

d. A battle position consists of a system of mutually support-
ing defensive areas organized in depth, as follows:

(1) Platoon defense treg.—Smallest defensive area, garri-
son usually a platoon.

(2) Company defense areqa.—Two or more platoon defense
areas under a company commander.

(3) Batialion defense area.—Two or more company defense
areas under a battalion commander. It is the basic unit of
defense, and can defend on average terrain a front of 800 to
1,500 yards, depending on terrain and tactical situation.

(4) Regimenial sector—Front defended by a regiment,
completely covering battle position in depth.

e. A battle position contains three echelons of defensive
areas, the main line of resistance (MLR), the battalion re-
serve area, and the regimental reserve line (RRL). Mini-
mum distance between the MLR and RRL is 700 yards,
maximum, 1,800 yards.

f. A battle position should when practicable be protected
by an organized outpost area well to the front; it may be
reinforced by one or more reserve hattle positions connected
by switch positions.

B 69. EFFEcTs oF PROJECTILES.—a. For protection against cal-
iber .30 to .50 bullets, special steel or (tank) armor about four
times their caliber in thickness is required; they penetrate
steel twice their caliber in thickness.

b. The greatest destructive effect is produced by the larger
projectiles with long delay fuses striking at angles of impact
over 40° giving maxlmum penetration such as those dropped
from aircrgft and fired from 155-mm or larger howitzers.

B 70, TRENCHES.—a. For protection, troops may have to work
at night.
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b. No night work should be performed that can safely be
done by day.

c. Hasty trenches—(1) Skirmisher trench, protection from
small-arms fire only.

(2) Foxr hole (when completed to standing type}, pro-
tection against small-arms and light artillery fire.

(3) Shell holes, quick protection with little labor.

¢4}y Slit trenches, protection for machine-gun and artillery
personnel,

d. Clegring fields of fire—(1) Leave a thin natural screen
to hide defender’s position,

¢2) Clear thick brushwoeod and undergrowth and leave
overhead cover.

(3) Leave large scabtered trees standing, cutting off only
the lower branches.

(4) Demolish walls only when resulting debris will not
give more protection than the wall itself,

(5) Buildings, knock down low ones, leave large ones
standing and burn them,

e, (1) Tracing of delibergie tremches should he supervised
by an officer,

(2) The octagonal trace is the best fire trench and the
wavy trace ig the best communication trench. The zigzag
trace is the simplest, easlest to construct and maintain, and
can be used as a fire or communijcation trench or ag the
echelon trace in gaining ground toward or away from the
enemy.

f. Standard profiles~—The simple standing trench is first
profile sought when constricting trenches rapidly. Develop
it to type A which is standard for hard ground. Develop
type A to type B in soft ground. Type C wide communication
trench is nsed in special cages for main thoroughfares.

g. Planning and reconnaissance.—Must bhe careful and
thorough. Data required: trench locations, profile to be used,
amounts of time, labor, tools, and materials required, and
covering force, if any.

h. Trench draingge~—(1) Prepare drainage plans and com-
plete essential drainage work before starting other work.

(2) Excilude surface water from trenches,
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(3) Dispose of water by drainage ditches, sumps, pumpmg,
or bailing.

(4) Provide trench hottom with minimum slope of 1 per-
cent with no low spots.

(5) Site trenches to drain toward natural drainage lines.

i, Revetments may be—

(1) Retaining wall {ype, usually of sandbags, for fills,
parapets, and breastworks.

(2) Surface type, consisting of revetting material such as
wire netting, brush, etc.,, and its supports, and used mainly
in retaining the slopes of trenches. A-frames are standard
supports.

4. Breastworks are built above ground where water, rock,
or very hard material makes trench excavation impracticable.

k. Trench accessories.—(1) Observation posts should give—

(@) Maximum clear field of view.

{(b) Immunity from enemy fire which is best obtained by
concealment.

(2) Latrines—Provide for—

(a) At least 4 percent of the command,

(b) If cccupied for any considerable time, for 8 percent of
the command.

(3) Sign posting.—Checked or provided in new areas.

B 71. OBsSTACLES.—a. Genergl-——(1) Take maximum advan-
tage of natural obstacles.

(2) Barbed wire most effective artificial obstacle against
foot troops.

(3) Douhle-apron fence most effective pound for pound and
is standard tactical obstacle.

(4) Typical protective obstacle, four-strand fence com-
pletely surrounding locality.

b. Location and construction of artificial obstacles.—(1)
Cover by defensive fires.

(2) Keep protective obstacles always under observation
within 100 yards.

(3} Conceal ohstacles by natural features.

(4) Provide all around protection not closer than 30 yards.

(5) Use helts 4 to 10 yards with intervals of 15 to 40 yards.

289



T1-72 ENGINEER FIELD MANUAL

o. Entanglement wmaterial reguirements for a defensive
position.~—(1) Weight of tactical wire {(double-apron fence)
equals weight of protective wire (four-strand fence).

(2) Linear yards of tactical obstacle equals 1% times
frontage.

(3) Linear yard of protective obstacle equals 3% times
frontage.

(4) Tactical wire weighs 10 pounds and protective wire
weighs 4 pounds per linear yard of ohstacle.

(5) Battalion area with frontage of 1,500 vards requires
about 20 tons of pickets, wire, etc., for double-apron tactical
and four-strand fence protective entanglements.

d. Dead abatis—(1) Interlace branches, cut trees partially
through 2 to 3 feet above ground.

(2) Addition of barbed wire increases effectiveness of the
chstacle, :

e. Inundations.—Barbed wire and artificial ohstacles in-
crease their effectiveness.

f. Underwater beach obstacles.—(1) Reguire utmost in-
genuity; must be adapted to local conditions.

(2) Barbed wire when used must be more plentiful and
more securely anchored than for land obstacles.

M 72. EMPLACEMENTS~—a. For infantry weapons-—(1} Auto-
matic rifle emplacements are used in trenches or fox holes.
(2) Machine guns are hahitually used in emplacements.

(3) In hasty emplocements concealment is of paramount
importance and as much protection as possible (may be
nearby slit trenches) is provided.

(4) In deliberate emplacements more physical protection
for personnel is provided either at the gun position or nearhy.
Concealment is still of considerable importance.

b. For field artillery.—(1) Light grtillery seldom dig in
except for deliberate positions.

(2) Banks, particularly along roads, especially adapted to
construction of artillery emplacements in them.

(3) Trenches for cannoneers and parapets follow after
construction of the gun emplacement.

¢. For anfigircraft.—(1} Concealment and camouflage are
most important.
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(2) Sunken emdlacements or parapets constructed when
possible.

(3) Parapets provide splinterproof protection as a min-
imum.

B 73. PROTECTED SHELTERS.—#i. Choice of type depends on—

(1)} Use to be made of shelter.

(2) Degree of protection necessary.

(3) Terrain.

(4) Location,

(5) Cover and concealment.

(6) Observation.

(7) Time, material, and Iabor available.

(8) Ground and subsurface conditions.

b. Application of types—(1) Splinteruroof or light shelters
used in advanced positions in early stages of organization
of the ground in mobile situations.

(2) These may be developed into light shellproof shelters
as time permits or light shellproof shelters may be built
initially for rear positions.

(3) Heavy shellproof and cave sheliers used only in
stabilized situations.

e. Overhead cover must provide for—

(1) Bursting layer.

(2) Distributing layers.

(3) Intermediate shock absorbing layers.

d. High early strength cement materially reduces con-
struction time. Attains adequate strength in about %5 of
the time for standard cement.

e. Surface shelters may be—

(1) Concealed in woods or behind reverse slopes; these
may vary from the hasty splinterproof type to light shell-
proof type.

(2) Reinforced buildings in a village and should be
generally of at least the light shellproof type.

(3) Concrete providing at least light shellproof protection.

(4) Small light shelters for protection of ammunition and
stores,

- f. Artillery ammunition shelters must be waterproof; con-
cealment and storage below ground level are desirable.
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g. Cui-and-cover sheliers—Depth of excavation greater
than about 12 feet impracticable. If greater depth needed -
use mining methods (cave shelter).

k. Clave shelters.—(1) Two types are—

(a) Recess.

(b) Gallery.

(2) Entrances must be concealed and protected.

(3) Emergency exits must be provided,

(4) Ventilation, drainage, and gasproofing are particularly
important.

i, Drainage.—(1) Exclude surface water.

(2) Exclude all seepage possible and collect balance in a
sump to be pumped out.

(3) Give galleries a minimum 1 percent slope longitudi-
nally and laterally.

j. Ventilgtion—Obtained by ventilation shafts and power
or hand blowers.

k. Gasproofing is obidined by— (1) Gas curtains to exclude
£as.

(2) Collective protectors to supply pure air.

B 74. GENERAL RULES FOR EXECUTION OF PIELD WORKS—
General rules applicable to all details of fleld fortifications
are-—

a. Assign each organization to construction of the works
it will itself occupy and defend and for which it is best
equipped and trained. Assign work of general interest such
as clearing fields of fire, Improvement of routes, etc., to
special units and attached troops.

b. Avoid splitting of units or violation of tactical integrity.
Use complete squads, platoons, and companies whenever
possible.  Assign a unit to groups of similar tasks all in the
same locality.

c. Without enough men to finish all tasks in the allotted
time, make sure that the most important tasks will be com-
pleted on time, and others as far as possible in order of
importance.

d. To observe all of the foregoing rules precisely will never
be possible. Each should be given all the weight that the’
sttuation permits.
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