" Qee 1CeA
\
\FQRTMENT OF THE ARMY FIELD MANUAL

~Soran s\

/e \ ﬂan éf
% 7

FIELD FORTIFICATIONS

\

\
L
%

HEADQUARTERS, DEPARTMENT u"r,‘ THE ARMY
FEBRUARY 1965 |






*FM 5-15

FIELD MANUAL HEADQUARTERS
DEPARTMENT OF THE ARMY
No. 5-15 WASHINGTON, D. C., 26 February 1965

FIELD FORTIFICATIONS

Paragraphe Page

PART ONE. BASIC CONSIDERATIONS
CHAPTER 1. INTRODUCTION

Section 1. Purpose and scope———————___ 14 3
II. Principles of protection_____ 5-8 6
Part Two. EMPLACEMENTS AND
ENTRENCHMENTS
CHAPTER 2, PERSONNEL PROTEC-
TIVE MEANS
Section 1. Principles and methods_.__._ 9-11 11
II. Individual emplacements.._.. 12,13 18
III. Crew-served weapons
emplacements o _____ 14-19 38
IV. Artillery emplacements..___ 20,21 50
CHAPTER 3. SHELTERS
Section I. Hasty shelters_____________ 2225 63
' II. Deliberate shelters _________ 26-32 172
h‘ CHAPTER 4. TRENCHES AND
”m FIELDWORKS
‘ i Section 1. Trenches 3338 98
II. Fieldworks 3944 131

(/This manuai supersedes FM 5-15, 8 October 1959,

TAGO 7330C—February I



PART THREE.

CHAPTER 5.
Section I.
IL

III.

PART FOUR.

CHAPTER 6.
Section I.

II.
III1.

CHAPTER 7.

APPENDIX 1.
I1.

TII.

1v.

INDEX

Paragraphs Page

OBSTACLES

EMPLOYMENT
Principles —
Artificial land obstacles_____.

Beach and river line
obstacles

OBSTACLE CON-
STRUCTION

BARBED WIRE
ENTANGLEMENT

Materials . ___________
Construction procedures____
Material and labor estimates

ANTIVEHICULAR
OBSTACLES . ______

BEACH AND RIVER
LINE OBSTACLES _____

REFERENCES .o ___

CONVERSION FACTORS
ENGLISH-METRIC
SYSTEMS e

FORTIFICATION PRO-
TECTION FACTORS ___

USE OF EXPLOSIVES IN
THE EXCAVATION OF
EMPLACEMENTS

45,46 148
47-51 159

52-55 167

56-60 173
61-71 192
72-73 231

74-84 235

AGO 7380C

<% A,

>



3 PART ONE
A BASIC CONSIDERATIONS
CHAPTER |
INTRODUCTION

Section I. PURPOSE AND SCOPE

|. Purpose

This manual is a training guide for small units
in the construction of field fortifications, including
protected firing positions for weapons, personnel
shelters, and defensive obstacles.

2. Scope

a. Fortifications. Detailed information on the
construction and progressive development of em-
placements, intrenchments, shelters, entangle-

a ments and obstacles under varied climatic condi-
‘RJ tions is included in the manual. The types of
. fortifications illustrated and discussed are gen-
- erally within the capabilities of unskilled person-

nel. Standard plans, bills of material, construction
procedures, and estimated time and labor require-
ments are furnished.
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b. Tools and Equipment. Tools and equipment
normally available to combat units together with
devices and equipment under development which
may be available in the near future are illustrated
and discussed.

¢. Application. The material contained herein
is applicable without modification to both nuclear
and nonnuclear warfare.

d. Changes. Users of this manual are encour-
aged to submit recommended changes or com-
ments to improve the manual. Comments should
be keyed to the specific page, paragraph, and line
of the text in which the change is recommended.
Reasons should be provided for each comment to
insure understanding and complete evaluation.
Comments should be forwarded directly to the
Commandant, U. S. Army Engineer School, Fort
Belvoir, Va., 22060.

e. Metric Measures. Dimensions and distances
are generally given in centimeters and meters. A
conversion table to the English system is fur-
nished in appendix II.

3. Use of Field Fortifications

a. Offensive Positions. Movement is continued
during offensive combat until enemy action, over-
extension of supply lines, or other limitations
force a halt. At such times a unit is particularly
vulnerable to enemy counterattack and should dig
in as rapidly as possible. In doing so it must not
reduce its capabilites for future movement.

b. Defensive Positions. A defensive position is

built around a series of organized and occupied-
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tactical positions. Positions are selected for their
natural defensive strength and the observation
afforded. Fortifications include clearing fields of
fire, digging weapon emplacements and positions
for personnel, laying minefields, strengthening
natural obstacles, laying barbed wire, and provid-
ing camouflage.

¢. Fortification Plans. Plans for fortifications
not only provide for the desired degree of protec-
tion but also for bringing the enemy under the
maximum volume of effective fire as early as pos-
sible. Fortification plans are usually based on
progressive construction, proceeding from open
to covered emplacements and shelters to the ulti-
mate protection permissible under the circum-
stances. Characteristics of personnel and indi-
vidual weapons emplacements are shown in table
L

d. Dispersion. The separation of units and in-
dividuals is a primary means of increasing protec-
tion of units, particularly from the effects of
nuclear weapons. If the area occupied by a unit
is doubled, it is less vulnerable to shell fire or the
effects of nuclear weapons. Proper use of dis-
persion can greatly reduce the requirements for
high levels of protection from field fortifications.
The amount that a unit spreads out depends on its
size and capabilities, the available area, the type
of soil, enemy capabilities, and the ability of the
unit to dig in. Fortifications, properly employed,
can be used in lieu of or to supplement dispersion,
but fortifications are particularly important for

AGO 7880C 5



units that cannot disperse sufficiently to obtain
adequate protection.

Table I. Characteristics of Personnel and Individual
Weapons Emplacements

(Located in back of manual)

4. Responsibilities

a. Construction. Field fortifications are con-
structed by personnel of all arms and services.
Hasty shelters and emplacements are normally
constructed by the combat units occupying the
position. Some engineer equipment and super-
visory assistance is frequently required to assist
the combat units.

b. Engineer Assistance. Fortifications of a
more complex character may require construction
by engineer troops. Actually, engineers at all
echelons of command assist in the preparation of
plans and orders and furnish technical advice and
assistance in the construction of field fortifica-
tions.

Section Il. PRINCIPLES OF PROTECTION

5. Basic Requirements for Fortifications

a. Employment of Weapons. Emplacements
must permit effective use of the weapons for
which they are designed. This requirement may
limit the protection which can be provided and
may influence the design and depth of adjacent
shelters.

6 AGO 7330C
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b. Protection. As far as possible, protection
should be provided against all probable hazards
except a direct hit or a close nuclear explosion.
This means that excavations should be as small
as possible, consistent with space requirements,
so as to obtain maximum protection from the walls
against airbursts and limit the effective target
area for small high trajectory weapons.

c. Simplicity and Economy. The emplacement
or shelter should be strong and simple, require as
little digging as possible, and be constructed with
materials that are immediately available.

d. Progressive Development. Plans for defen-
sive works should allow for progressive develop-
ment to improve the usefulness of the fortification.
Development of fortifications can be accomplished
in three steps:

(1) Digging in quickly where speed is the
principal consideration and no special
tools or materials are required.

(2) Improvising with local materials.

(3) Refining, using stock materials.

e. Concealment. Fortifications should be built
so that the completed work can be concealed. It
may not be practical to conceal a defensive posi-
tion completely but it should be concealed enough
to prevent the enemy from spotting the position
by ground observation. Dummy positions should
be constructed at the same time as the actual
positions.

f. Ingenuity. A high degree of imagination
and ingenuity is essential to assure the best use

AGO 7380C 7



of available materials as well as the best choice
and use of the constructed fortifications.

6. Protection from Conventional Weapons

a. Digging In. Protection against conventional
weapons is best provided by constructing a thick-
ness of earth and other materials. This is done
by digging into the ground so that personnel and
equipment are not exposed to the line of sight of
the weapon. This means of protection is effective
against direct fire of small arms and horizontally
impelled shell fragments. Digging in also pro-
vides some protection against artillery, infantry
heavy weapons, bombs and other aerial weapons.
Advantage should be taken of all available natural
cover. Improvement of the position continues
until the unit leaves the area.

b. Overhead Cover. QOverhead protection is im-
portant particularly in the forward areas where
the threat includes airburst shelling in addition
to the possibility of nuclear atfack. Covered fir-
ing positions should be built for individual rifie-
men. Small readily accessible shelters adjacent to
weapons emplacements are also necessary. A min-
imum of 45 cm (18 in.) of logs, sandbags, rock
and dirt in that order is required for overhead
protection. Any available material may be used,
but cover should be kept low. However, cover of
this type will not protect personnel 2gzinst direct
shell hits. Overhead cover should be strengthened
and improved as long as the position is occupied.
Only part of the firing position should be covered.

AGO 73300



Sandbags are placed over 15 to 20 cm logs to
prevent dirt from falling on the occupants.

7. Protection from Chemical and Biological Weapons

a. Emplacements. Covered emplacements with
relatively small apertures and entrance areas
which can be closed, provide protection from
napalm and flamethrowers.

b. Chemical and Biological Agent Liquid and
Vapors. Open or partially open emplacements
afford no protection from chemical or biological
attack. Personnel in open emplacements should
use the poncho for protection against liquid con-
tamination and the protective mask to provide
protection from chemical vapors and biological
aerosols. Overhead cover will delay penetration
of chemical vapors and biological aerosols, there-
by providing additional masking time and protec-
tion against direct liquid contamination.

8. Protection from Nuclear Weapons

a. Defenses. Fortifications which are effective
against modern conventional weapons are gen-
erally effective against nuclear weapons. The
presence of the nuclear threat does not materially
alter the principles outlined above.

b. Thermal Effect. Thermal radiation affects
anything that will burn. The thermal effect may be
reduced as a potential source of nuclear casualties
by thermal shielding. Shielding may be any
opaque and noninflammable material which shades
the individual from the source of heat. It is
normally used as a cover over an excavation and

AGO 7880C 9



it may be required for shelter entrances or other
openings. Personnel should habitually wear com-
plete uniforms. Hands, face, and neck should be
covered. Protective clothing will also reduce cas-
ualties from burns.

¢. Blast. Blast can cause damage by its erush-
ing effect. Blast from a nuclear explosion builds
up against an obstruction, so vertical or near
vertical faces should be avoided in earthworks
above ground level.

d. Earth Shock. Collapse of earthworks, par-
ticularly unrevetted excavations, may result from
the shock of nuclear explosions. To reduce the
risk from this effect excavations deeper than 1.4
meters (4 ft 6 in.) should be revetted. For the
same reason, overhead cover should not normally
exceed 45 cm (18 in.) unless heavy roof supports
are constructed.

e. Radiation. The effects of direct gamma radi-
ation can be reduced by keeping the exposed open-
ings of excavations and shelters as small as
possible and by increasing the thickness of over-
head protection for large shelters to 75 em (2 ft
6 in.) supported by heavy roof timbers.

10 AGO 7830C



PART TWO
EMPLACEMENTS AND ENTRENCHMENTS

CHAPTER 2
PERSONNEL PROTECTIVE MEANS

Section I. PRINCIPLES AND METHODS

9. Materials

@. Natural. Full use is made of all available
natural materials such as trees, logs, and brush in
constructing and camouflaging emplacements,
shelters, and overhead cover. Usually, enough
natural material can be found to meet the require-
ments for hasty or expedient fortifications, Snow
and ice may be used in the construction of em-
placements and shelters in cold regions.

b. Other Materials.

(1) Manufactured materials such as pickets,
barbed wire, lumber, sandbags, corru-
gated metal and other materials for re-
vetting, camouflage, shelter, and concrete
construction are supplied by support
organizations.

AGO 7880C 1]



(2) Captured enemy supplies, locally pro-
cured material, and demolished buildings
are other sources of fortification con-
struction materials.

10. Methods of Excavating

a. Handtools. The individual soldier is equip-
ped with an intrenching tool and if necessary he
can use his helmet or bayonet to assist in digging.
Pick mattocks, shovels, intrenching tools, or ma-
chetes are also useful and frequently available for
this purpose. In addition, captured enemy equip-
ment may be available. The relative value of each
tool depends on the soil and terrain. In arctic
areas, alarger quantity of picks and pick mattocks
are required to aid in the preparation of emplace-
ments in frozen ground. Intrenching equipment
and engineer pioneer tools are illustrated in fig-
ures 1 and 2 respectively.

b. Equipment. Relatively narrow cuts with
steep or nearly vertical sides required for most
emplacements or shelters can be excavated more
accurately by hand. However, intrenching ma-
chines, backhoes, bulldozers and scrapers may be
used for larger excavations and trenches where
the situation will permit the use of heavy equip-
ment. Usually, these machines cannot dig out the
exact shape desired or will dig more earth than
necessary, requiring completion of the excavation
by hand. Additional revetment material is usually
required when machines are used. Distinctive
scars on the ground resulting from the use of
heavy equipment require more effort for effective

12 AGO 73800
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Figure 1. Intrenching equipment.

camouflage than fortification work performed by

hand.
¢. Explosives. Many fortification tasks are

made easier and accomplished more quickly by
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using explosives in any type of soil. Personnel
using explosives must be trained and qualified.
Details on the use of explosives for fortifications
are given in appendix IV. Considerable progress
has been made in the development of a lightweight
foxhole digging aid for the individual soldier em-
ploying an explosive as its principal component.
This equipment may be available in the near
future.

1. Concealment and Deception

a. Methods. Concealment is of prime import-
ance in constructing defensive works. Conceal-
ment can be obtained by:

(1) Careful siting, making maximum use of
background to break up outlines.

(2) Strict concealment discipline throughout
all stages of construction, including
rigid track discipline and carefully
planned disposal of soil.

(3) Intelligent use of natural and artificial
camouflage materials. It may not be
possible to conceal the position as a
whole, but it will usually be possible to
prevent pinpointing of individual works
by ground observation. Before any ex-
cavation is begun, all turf, sod, leaves,
snow, or forest humus is removed care-
fully from both the area to be excavated
and from the ground on which excavated
soil is to be placed. This material is
used to cover the spoil when the work is
completed. It is always possible to con-

AGO 17380C 15



fuse the enemy by deception using
dummy field-works. Construction of
large weapons emplacements in open
country having little or no natural
cover can be concealed by camouflage
nets suspended from stakes or trees be-
fore excavation is started. The net
should be suspended high enough above
the ground to permit excavation without
snagging by equipment or tools. When
the excavation is completed and the spoil
covered with sod or natural camouflage
material, the net is lowered close to the
ground so it is inconspicious from ground
observation.

b. Disposal of Soil. Usually excavated soil is

much lighter in color and tone than surface soil
and must be hidden carefully to prevent disclosure
of the fortification (fig. 3). Soil may be disposed
of by—

16

(1

(2)

(3)

Using it to form a parapet if the topsoil
is carefully saved and used to cover the
parapet. Turf, sod, leaves or litter from
under nearby bushes or trees are used
to make the parapet resemble its sur-
roundings.

Removing it and carefully hiding it
under trees or bushes or in ravines. Care
must be taken to avoid revealing tracks.
Collecting and using it, partly camou-
flaged, to form parapets for dummy posi-
tions.

AGO 7880C



(4) Covering mixed snow and earth from
excavated emplacements with a layer of
fresh snow to camouflage them.

Figure 3. Disposal of soil.

AGO 7880C 17



Section Il. INDIVIDUAL EMPLACEMENTS

12. Types of Emplacements

a. Hasty Emplacements. Hasty emplacements
are dug by troops in contact with the enemy, when
time and materials are limited. Hasty positions
should be supplemented with overhead cover and
strengthened as conditions permit. If the situa-
tion permits, the small unit leader will verify the
sectors of observation and fire for the individual
members of the squad from their designated posi-
tions before digging individual foxholes. When
the situation is stabilized, even temporarily, posi-
tions are selected so they can be connected by
trenches later. The emplacements described be-
low provide protection against flat trajectory fire.
They are used when there is no natural cover.
Hasty positions (fig. 4) are good for a short time
because they give some protection from direct fire.
If the unit remains in the area, they must be de-
veloped into well-prepared positions to provide as
much protection as possible.

(1) Shell erater. A shell or bomb crater of
adequate size, 60 to 90 cm wide (2 to 3
ft) offers immediate cover and conceal-
ment and can be quickly made into a
hasty position (fig. 5). By digging the
crater to a steep face on the side toward
the enemy, the occupant can provide
himself with a firing position. A small
crater can later be developed into a fox-
hole. Craters, even if developed, are
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(2)

susceptible to being overrun by track
vehicles.

Skirmisher’s trench. This shallow pit-
type emplacement (figz. 6) provides a
temporary, open prone firing position for
the individual soldier. When immediate
shelter from heavy enemy fire is required
and existing defiladed firing positions are
not available, each soldier lies prone or
on his side, scrapes the soil with his in-
trenching tool, and piles it in a low para-
pet between himself and the enemy. In
this manner a shallow, body length pit
can be formed quickly in all but the hard-
est ground. The trench should be
oriented so that it is least vuinerable to
enfilade fire. A soldier presents a low

CRATER

CROSS SECTION OF CRATER ENEMY

20

L
/);\\%\\ N2
GROUND LINE FOR PRONE (ELBOW REST)

FOR KNEELING OR SITTING

DOTTED LINES INDICATE SPOIL TO REMOVE FOR
IMPROVING CRATER

Figure 5. I'mproved crater.
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silhouette in this type of emplacement
and is protected to a limited extent from
small arms fire. It can be further de-
veloped into a foxhole or a prone em-
placement.

(3) Prone emplacement. This emplacement
(fig. 7) is a further refinement of the
skirmisher’s trench. The berm dimen-
sion of this emplacement, as shown in
the parapet detail, is varied to conform
to the position and arm length of the
occupant. It serves as a good firing posi-
tion for a rifleman and provides better
protection against small arms or direct
fire weapons than the improved crater or
skirmisher’s trench.

(4) Rocks, snow, and ice. Limited protection
can be provided by piling up rocks,
chunks of ice, or packing snow. Icecrete
formed by mixing dirt and water is very
effective as an arctic building material.
A minimum of 30 em of this material
will resist penetration of small arms fire.

b. Foxholes. Foxholes are the individual rifle-
man’s basic defensive position. They afford good
protection against enemy small arms fire and can
be developed from well-chosen craters, skirmish-
ers’ trenches, or prone emplacements. Foxholes
should be improved, as time and materials permit,
by revetting the sides, adding expedient cover,
providing drainage, and excavating a grenade
sump to dispose of hand grenades tossed into the

AGO 17880C 21
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hole by the enemy. Foxholes are usually dug with

the long side parallel to the front.
(1) One-man foxhole. The overall dimen-
sions and layout of the one-man foxhole

are as shown in figure 8.

(2) Construction details.

(a) Fire step. The depth to the fire step
will vary depending on the height of a
comfortable firing position for the oc-

o
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Figure 8. One-man foxhole.
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cupant, usually 105 to 150 cm (314 to
5 ft). The occupant, crouched in a
sitting position on the fire step, must
have at least 60 cm (2 ft) of overhead
clearance if a tank overruns the fox-
hole. This will normally provide pro-
tection against the crushing action of
tanks; however, in loose, unstable
soils it will be necessary to revet the
walls of the foxhole in order to pro-
vide this protection.

(b) Water sump. A water sump, 45 by 60

(¢c)

AGO 7880C

cm (18 in. by 2 ft) and 45 cm (18 in.)
deep below the fire step, is dug at one
end of the foxhole to collect water and
to accommodate the feet of a seated oc-
cupant. One or two layers of large
stones are then placed at the bottom of
the hole with smaller stones on top up
to the level of the ground (fig. 32).
The sump may simply provide a col-
lecting basin from which water can be
bailed.

Grenade sump. A circular grenade
sump 20 cm (8 in. in diameter), 45 cm
(18 in.) long, and sloped downward at
an angle of 30° is excavated under the
fire step beginning at the lower part of
the fire step riser. Hand grenades
thrown into the foxhole are exploded
in this sump, and their fragmentation
is restricted to the unoccupied end of
the foxhole. For good drainage and to

25
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(d)

(e)

assist in disposing of grenades, the fire
step is sloped toward the water sump,
and the bottom of the water sump is
funneled downward to the grenade
sump.

Parapet. If excavated spoil is used as
a parapet (fig. 7), it should be placed
as a layer about 90 cm (3 ft) wide and
15 ecm (6 in.) high all around the fox-
hole leaving an elbow rest (berm) of
original earth about 30 cm (1 ft) wide
next to the foxhole. If sod or topsoil
is used to camouflage the parapet, the
sod or topsoil should be removed from
the foxhole and parapet area, set aside
until the parapet is complete, and then
placed on top in a natural manner.
Camouflage. Whether or not a parapet
is constructed in wooded or brushy
type terrain, a foxhole can be camou-
flaged effectively with natural mate-
rials, as shown in figure 9. In open or
cultivated areas, it may be preferable
to omit the parapet, remove the exca-
vated spoil to an inconspicuous place,
and improvise a camouflage cover for
the foxhole. This can be a light, open
frame of branches garnished with
grass or other natural foliage to
match the surroundings. As an alter-
nate method, the foxhole can be cov-
ered with a shelterhalf, poncho, or
other expedicnt material, and further

AGO 7830C
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covered with snow or some other ma-
terial, according to local terrain condi-
tions (fig. 9). The occupant raises
one side of the cover for observation
or firing.

Overhead cover. A half-cover (fig. 10)
over a one-man foxhole provides good
protection for the occupant and per-
mits full use of the weapon. Logs 10
to 15 cm in diameter or 15 ¢cm (6 in.)
timbers approximately 1.2 meters (4
ft) in length support the earth cover.
They should be long enough to extend
at least 30 cm (1 ft) on each side of
the foxhole to provide a good bearing
surface. Dirt should be removed on
each side of the foxhole so that the
supporting logs or timbers are even
with the ground surface. If the
ground is soft and tends to break
away, a bearing surface of planks or
timbers should be provided for cover
supports. Logs or timbers of this size
will support an earth cover 30 to 45
ecm thick. The walls of the foxhole
should be stabilized with revetment
material (fig. 11) at least under the
overhead cover to prevent a cave-in
from the added weight of the cover.
Revetment material. Use of different
types of revetting material are shown
in figure 11. Expedient material such
as brushwood, saplings, sheet metal or

27
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Figure 9. Camouflaged one-man foxhole.

dimensioned lumber should be thin
and tough so that it will support the
sides of the emplacement when prop-
erly staked and tied.

1. Stakes. Revetment stakes, either
metal or wood 1.8 meters (6 ft) in
length, should be spaced not more
than 60 cm (2 ft) apart and driven
into the ground 30 to 45 cm.

2. Anchor stakes. The revetment stakes
are held firmly in place by anchor
wires of barbed wire or 14 gauge
wire attached to anchor stakes (fig.
12). Five or six strands of wire
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® METHOD OF CONSTRUCTING COVER

Figure 9—Continued.

should be stretched between the re-
vetment and anchor stakes at
ground level and tightened by twist-
ing. The distance between the re-
vetment and anchor stakes should
be approximately twice the depth of

29
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Figure 10. One-man foxhole with half-cover.

the excavation. The wire between
the stakes should not pass over the
parapet, in any case.
Open two-man foxhole. In a de-
fensive position, the two-man fox-
hole (fig. 13) is generally preferred
to the one-man emplacement for the
following reasons:
(a) One man can provide protection
while the other is digging.
(b) It affords relief and rest for the
occupants. One man rests while
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EXCAVATED WIDTH
(APPROX) 75¢m

1.8m REVETMENT PICKET
45cm IN GROUND

Figure 12. Supporting and anchoring revetment.
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Figure 13. Open two-man foxhole.
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the other observes. In this man-
ner firing positions can be effec-
tively manned for longer periods
of time.

(c) If one soldier becomes a casualty,
the position is still occupied.

(d) The psychological effect of two
men together permits positions to
be occupied for longer intervals.

4. Construction. The two-man foxhole
is constructed the same as the one-
man foxhole except for the location
of the grenade sump which is
placed in front of the rear face of
the water sump in the two-man
position.

5. QOverhead cover. A substantial over-
head cover for a two-man foxhole
may be provided by constructing an
offset as shown and described in
figure 14.

13. Fields of Fire

a. Principles. There is little opportunity to I
clear fields of fire when a unit is in contact with -
the enemy. Individual riflemen and weapons crews |
must select the best natural positions available!
Usually, there is only time to clear areas in the
immediate vicinity of the position. However, in
preparing defensive positions for expected contact
with the enemy, suitable fields of fire are cleared
in front of each position. The following prmmples
are pertinent:
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Figure 14. Two-man foxhole with offset.

(1) Excess or careless clearing will disclose
firing positions (fig. 15).

(2) In areas organized for close defense,
clearing should start near the position
and work forward at least 100 meters or
to the maximum effective range of the
weapon if time permits.

(3) A thin natural screen of vegetation
should be left to hide defensive positions.

b. Procedure.

(1) Remove the lower branches of large
scattered trees in sparsely wooded areas.
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RIGHT--AFTER PROPER CLEARING

Figure 15. Clearing fire lanes.
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(2)

(3)

(4)
(5)

(6)

(7

In heavy woods, fields of fire may neither
be possible nor desirable within the time
available. Restrict work to thinning the
undergrowth and removing the lower
branches of large trees. Clear narrow
lanes of fire (fig. 16), for automatic
weapons.

Thin or remove dense brush since it is
never a suitable obstacle and obstructs
the field of fire.

Cut weeds when they obstruct the view
from firing positions.

Remove brush, weeds, and limbs that
have been cut to areas where they cannot
be used to conceal enemy movements or
disclose the position.

Do only a limited amount of clearing at
one time. Overestimating the capabil-
ities of the unit in this respect may re-
sult in a field of fire improperly cleared
which would afford the enemy better
concealment and cover than the natural
state.

Cut or burn grain, hay, and tall weeds.
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WRONG-TGO MUCH CLEARING, DEBRIS
NOT REMOVED. ENEMY WILL AVOID

RIGHT-ONLY UNDERBRUSH AN‘D TREES DIRECTLY
IN LINE OF FIRE REMOVEDR. ENEMY SURPRISED

Figure 16, Clearing fields of fire.
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Section lll. CREW-SERVED WEAPONS
EMPLACEMENTS

14. Principal Considerations

a. Firing Positions. While it is desirable to give
maximum protection to personnel and equipment,
the principal consideration must be the effective
use of the weapon. In offensive combat, infantry
weapons are sited wherever natural or existing
positions are available or where weapons can be
emplaced with a minimum of digging. The posi-
tions described in this section are designed for use
in all types of terrain that will permit excavation.

b. Protection. Protection of crew served weap-
ons is provided by emplacements which give some
protection to the weapon and crew while in firing
positions, As the positions are developed, the em-
placements are deepened and provided with half
overhead cover, if possible. Then, if the positions
are occupied for an extended period of time, shel-
ters adjoining the emplacement or close to it
should be built. Characteristics of crew served
infantry weapons emplacements are shown in
table IL

Table II. Characteristics of Crew Served Infantry
Weapons Emplacements

(Located in back of manual)

¢. Crew Shelters. Shelters immediately adjoin-
ing and opening into emplacements improve the
operational capability of the crew, since the men
are not exposed when moving between the shelter
and the weapon.
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I15. Machinegun Emplacements

a. Pit Type. The gun is emplaced initially in a
hasty position (fig. 17).

b. Horseshoe Type. The dimensions and layout
of the completed emplacement are shown in figure
18. The horseshoe shaped trench, about 60 cm
wide, is dug along the rear and sides, leaving a
chest high shelf in the center to serve as the gun
platform. The spoil from this trench is used to
form the parapet, making it at least 90 em thick
and low enough to permit all-around fire. This
type emplacement permits easy traverse of the
gun through an arc of 180°, but the crew cannot
fire to the rear effectively.

¢. Two One-Man Foxhole Type. This emplace-
ment consists of 2 one-man foxholes close to the
gun position as illustrated in figure 19. The para-
pet is low enough for all-around fire and good pro-
tection for the crew. A foxhole is dug for the
gunner at the rear of the gun and another foxhole
is dug for the assistant gunner on the left of the
gun and 45 ¢cm (18 in.) in front of the gunner’s
foxhole. The spoil is piled all around the position
to form a parapet, taking care to pile it so as to
permit all-around fire of the weapon.

16. Emplacements for 3.5-Inch Rocket Launcher

a. Types. Two types of open emplacements for
the 3.5-inch rocket launcher are the pit type and
the 2 two-man foxhole type.

(1) Pit type. This emplacement is a circular
pit about 1.2 meters in diameter and
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Figure 17. Plan view and cross section of machinegun
emplacement.
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Figure 18. Horseshoe type emplacement.
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about 1 meter deep depending on the
height of the occupants. No parapet is
required for this emplacement. It is
large enough for two men and permits
the assistant to turn with the traversing
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Figure 19. Two one-man foxhole type machinegun
emplacement.
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weapon, to avoid being behind it when
it is fired. The emplacement is shallow
enough to permit the rear end of the
weapon to clear the top at maximum ele-
vation, thus insuring that the hot back-
blast of the rockets is not deflected to the
occupants. Since this emplacement offers
protection for the crew against direct
fire weapons only, supplementary per-
sonnel emplacements should be provided

(1, fig. 20).

FIRE STEP 30cm

ENTRANCE TRENCH

DISTANCE FROM PIT
TO FOXHOLE 1.8m
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.
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@OPT TYPE
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Figure 20. Emplacement for 8.5-inch rocket launcher.
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(2) Two two-man foxhole type. The em-
placement shown in 2, figure 20 provides
limited protection for the crew against
nuclear effects and armor except when
actually firing.

b. Blast Effects. Due to the backblast effects of
the rocket launcher, it should not be fired from a
confined space such as a fully covered emplace-
ment.

45cm EARTH -
COVER NOT

"VARlABLE_

1
|
|
1
4

60"‘“ ROCKET LAUNCHER
EMPLACEMENT
{NOT TO SCALE)

(@ TWO TWO-MAN FOXHOLE TYPE

Figure 20—Continued.
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17. Mortar Emplacements

a. General. The emplacement illustrated in 1,
figure 21 is circular in shape. The emplacement is
excavated to the dimensions shown with the sides
of the emplacement sloping inward toward the
bottom. The floor slopes to the drainage sump lo~
cated under the open gap in the parapet. An
ammunition ready rack or niche, located so that
it is convenient for the gunner, is built into the
side of the emplacement. The bottom of the am-
munition rack is elevated from the floor of the
emplacement. Another ready rack may be con-
structed in one side of the trench leading to the
position. The initial emplacement is revetted us-
ing sandbags and the improved emplacement is
revetted using corrugated metal. Before construct-
ing the parapet, the mortar is laid for direction of
fire by the use of an aiming circle or alternate
means. Aiming posts are then normally placed out
at a referred deflection of 2,800 mils. The parapet
is then constructed, leaving a 3-foot gap for the
line of sight. This imaginary line of sight should
be so positioned that it is 80 cm from the right
edge of the gap. This will allow an approximate
1,500-mil sector of fire without moving any por-
tion of the parapet. The parapet should be not
more than 20 inches high and a minimum of 90 cm
wide. Dirt should not be placed within 45 c¢cm of
the edges of the sighting gap; in order that sand-
bags positioned here may be removed to provide a
greater sector of fire when necessary. An exit
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trench may be constructed leading to personnel
shelters and to other mortar positions.

b. The 81-mm Mortar. A pit type emplacement
for the 81-mm mortar is shown in 2, figure 21.

c. Emplacement for 4.2-Inch Mortar. The 4.2-
inch mortar emplacement is identical to the one
described above for the 81-mm mortar except for
dimension changes shown in 1, figure 21.

18. Emplacement for 106-mm Recoilless Rifle

This weapon is usually fired from its 14-ton
truck mount since the weapon should be mobile

LINE OF SIGHT (MmAY
COINCIDENT WITH ENTBREVWAY)

2.4m (8Imm)
3em (4.29)

)
DEPTHS: 8Imm -90cm ‘~a_«__§__& '~ AMMUNITION NICHE

4.2" -90 CM\M/

(D CIRCULAR TYPE
Figure 21. Mortar emplacements.
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2 s ) L o

SECTION
@ PITTYPE

Figure 21—Continued.

and moved to a new position after firing a few
rounds. In a defensive operation several open pits
should be constructed with concealed routes from
these firing positions to a concealed shelter posi-
tion with overhead cover. The weapon remains in
the shelter until needed, then after firing, it is
moved to another firing position or back to its
shelter. The firing pit should protect the sides and
front of the body of the vehicle with the rifle
above the parapet level. The rear should be
ramped so the vehicle can move out quickly. Em-
placements of this type require approximately 30
manhours to construct since alternate positions
are required, so the necessity for using heavy

AGO 7880C : : 47



equipment is obvious. Figure 22 illustrates an
emplacement for the 106-mm recoilless rifle which
will permit the weapon muzzle to extend over the
parapet to preclude damage to the vehicle from
the muzzle blast.

19. Typical Vehicle Pit

Digging in should be restricted to essential ve-
hicles. Vehicle pits should be as narrow and as

iy,
Al I//,,/
2.4

iy,
(///
Yy,

PRINCIPAL

DIRECTION
OF FIRE

Figure 22. Emplacement for 106-mm rifle.
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short as the vehicle size permits. They should be
oriented randomly. All canvas should be removed
and the top of the trucks should be at least 30 cm
below the top of the surrounding parapet. The
excavations should be as shown in table III and
figure 23. Use of soil in construction of the para-
pet reduces the depth of cut necessary to properly
protect a vehicle. The parapet should be stream-
lined and as well-compacted as possible. The ma-
jority of vehicles should be concealed or camou-
flaged taking advantage of natural features such
as woods, defilade, hedgerows, and buildings.

Table I11. Dimensions of Typical Vehicle Pits

% ton truck
%n;p ’t‘r:il?:z:}‘ :vnit:h"rl:;ltli?;' in':ntrg?:rlf
canvas down shelter canvas down
Depth of cut (C)--| 0.9 meters | 1.8 meters | 1.5 meters
Width of pit __.__ 2.4 meters | 3.0 meters | 3.6 meters
Level length of
pit (L) —ceeeee 6.0 meters | 8.1 meters | 10.8 meters
Thickness of
parapet (H) ___{ 60 cm 75 em . 75 ecm
Width of parapet
(P) e 1.2 meters { 2.4 meters | 2.7 meters
Exit slope (A/B)*| 1/1 1/2 1/2
Total excavation_._| 19 cubic 61 cubic 76 cubic
meters meters meters
Equipment hours**| 0.4 0.8 0.9

¢ Entrance slope 1/1.

®¢ For cut and rough parapet construction only, at appropriate rates
for D7 or D8 type bulldozers.
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Figure 23. Typical vehicle pit.

Section 1IV. ARTILLERY EMPLACEMENTS

20. Towed Artillery Weapons

a. Purpose. Emplacements for artillery weap-
ons must provide maximum flexibility in the de-
livery of fire and protect the weapon and its crew
against the effects of conventional and nuclear
weapons.

b. Emplacement for 105- and 155-mm howitzer.
Artillery weapons emplacements are constructed
so as to allow for continuous improvement in
order to provide additional protection and comfort
in the event of prolonged occupation. These em-
placements are developed in stages as described
below:

(1) Stage 1. This stage provides open fox-
holes for the protection of the crew and
open emplacements for infantry weapons
used to defend the position. Provision is
made for only minimum essential shift-
ing of the gun trail and ammunition is
stored in the open. Stage-one emplace-
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(2)

(3)

(4)

(5)

AGO 17830C

ment for a 105-mm howitzer is illus-
trated in 1, figure 24.

Stage 2. This stage provides trail logs
for all around traverse of the weapon, a
low parapet to protect the weapon, and
covered emplacements for the crew, de-
fensive weapons, and ammunition.
Stage-two emplacement for a 105-mm
howitzer is illustrated in 2, figure 24.

Stage 3. In this stage a parapet re-
vetted on the inside which permits all
around direction fire is provided. Work
is begun on covered shelters for person-
nel and ammunition. Stage-three em-
placement for a 105-mm howitzer is
illustrated in 3, figure 24.

Stage 4. In this stage revetment is pro-
vided for the ground fighting positions
and for the outside and top of the para-
pet. Overhead cover is also provided for
the personnel ready position and the am-
munition shelter. Stage-four emplace-
ment for a 105-mm howitzer is illus-
trated in 2, figure 25. Dimensions and
layout are also shown in this figure.

Use of overhead cover. It is usually diffi-
cult to provide overhead cover for artil-
lery weapons. The widths and heights
involved make such construction imprac-
tical under most conditions. Overhead
cover would unduly restrict the firing
capability of the weapon. In addition,
under most conditions, it is not desirable
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Figure 25. Final stage of development, howitzer
emplacement.
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Figure 25—Continued.

to excavate an emplacement for the
weapon much below ground level or to
construct a high all-around parapet for
the following reasons:

(a) A high all-around parapet restricts
the direct fire capability of the
weapon.

(b) Emplacements excavated below
ground create difficulty in providing
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for the rapid removal of the weapon
from the emplacement.

c¢. Emplacement for 8-inch howitzer. Emplace-
ments for these weapons are shaped like the sec-
tor of a circle, pointing in the direction in which
the weapon will fire as shown in figure 26. The
direction of fire is determined and marked prior
to the construction of the emplacement. If the
required sector of fire exceeds that which can be
achieved by traversing the weapon, the rear of the
emplacement is widened to permit shifting the
trails.

d. Accessory Structures.

(1) Ammunition shelters. Sectional shelters
as shown in figure 36 may be used with
overhead cover as an ammunition shelter
with the types of weapons emplacements
discussed above.

(2) Accessory shelters. Ready shelters for
personnel and shelters for fire direction
centers and switchboards are con-
structed using standard shelter designs
(ch. 3).

21. Self-Propelled Artillery and Tank Mounted Weapons
Emplacement

a. Self-Propelled Artillery. Large caliber self-
propelled weapons have a limited traverse without
turning the vehicle. For this reason it is seldom
practical to construct emplacements for this type
of weapon. When positions for self-propelled
weapons are prepared, a sloped ramp is built to
facilitate the vehicle’s entry into and withdrawal
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from the gunpit. In extremely cold weather,
gravel, saplings, or similar covering may be neces-
sary for the floor of the pit so that the tracks of
the vehicles will not freeze to the ground. The
rear of the pit and the sloped ramp should be
widened sufficiently to permit driving the vehicle
in at an angle in order to compensate for the
limited traverse of the weapon.

b. Tanks. A tank is emplaced or protected in
the same manner as any other vehicle. Natural
defilades such as road cuts or ditches are used
where available. In open areas, parapets are pro-
vided to protect the sides and front of the hull of
the vehicle, and the rear is left open. The simplest
form of a dug-in position of this type is shown in
figure 27. Wherever possible, such positions are
constructed and occupied during darkness, with
all camouflage being completed before dawn. The
emplacement normally includes foxhole protection
for relief personnel, preferably connected with the
emplacement by a short trench. A dug-in emplace-
ment of this type should have the following:

(1) An excavation deep enough to afford
protection for the tracks and part of the
hull of the vehicle with maximum thick-
ness of the parapet at the front of the
emplacement and the rear left open for
entry and exit of vehicle.

(2) Inside dimensions just large enough to
permit entry and exit of vehicle.
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(3)

(4)
(5)

(6)

AGO 7880C

An inside depth permitting the weapon
to depress to its minimum elevation.
Tank emplacements must have sufficient
space for the storage of ammunition.
Barrel stops, if necessary, to prevent fire
into adjacent units.

Provisions for drainage (if possible)
and frostproof flooring to prevent tracks
from freezing to the ground.

If it is necessary to deliver fire at eleva-
tions higher than permitted by the carri-
age design, the floor must be sloped up in
the direction of fire.
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Figure 27, Dug-in emplacement for self-propelled weapon.
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CHAPTER 3
SHELTERS

Section I. HASTY SHELTERS

22. Basic Considerations

a. Protection. Shelters are constructed primar-
ily to protect soldiers, equipment, and supplies
from enemy action and the weather. Shelters
differ from emplacements because there are usu-
ally no provisions for firing weapons from them.
However, they are usually constructed near or
supplement the fighting positions. When natural
shelters such as caves, mines, woods, or tunnels
are available, they are used instead of construct-
ing artificial shelters. Caves and tunnels must be
carefully inspected by competent persons to de-
termine their suitability and safety. The best
shelter is usually the one that will provide the
most protection with the least amount of effort.
Actually, combat troops that have prepared de-
fensive positions have some shelter in their fox-
holes or weapon emplacements. Shelters are fre-
quently prepared by troops in support of frontline
units. Troops making a temporary halt in inclem-
ent weather when moving into positions prepare
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shelters as do units in bivouacs, assembly areas,
rest areas, and static positions.

b. Surface Shelters. The best observation is
from this type of shelter and it is easier to enter
or leave than an underground shelter. It also
requires the least amount of labor to construct,
but it is hard to conceal and requires a large
amount of cover and revetting material. It pro-
vides the least amount of protection from nuclear
weapons of the types of shelters discussed in this
manual. Surface shelters are seldom used for
personnel in forward combat positions unless they
can be concealed in woods, on reverse slopes, or
among buildings. It may be necessary to use
surface shelters when the water level is close to
the surface of the ground or when the surface is
so hard that digging an underground shelter is
impractical.

¢. Underground Shelters. Shelters of this type
generally provide good protection against radia-
tion because the surrounding earth and overhead
cover are effective shields against nuclear
radiation.

d. Cut-and-Cover Shelters. These shelters are
dug into the ground and backfilled on top with as
thick a layer as possible of rocks, logs, sod, and
excavated soil. These and cave shelters provide
excellent protection from weather and enemy
action.

e. Siting. Wherever possible, shelters should be
sited on reverse slopes, in woods, or in some form
of natural defilade such as ravines, valleys, and
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other hollows or depressions in the terrain. They
should not be in the path of natural drainage
lines. All shelters must be camouflaged or
concealed.

23. Construction

a. Principles. Hasty shelters are constructed
with a minimum expenditure of time and labor
using available materials. They are ordinarily
built above ground or dug in deep snow. Shelters
that are completely above ground offer protection
against the weather and supplement or replace
shelter tents which do not provide room for move-
ment. Hasty shelters are useful in the winter
when the ground is frozen, in mountainous coun-
try where the ground is too hard for deep digging,
in deep snow, and in swampy or marshy ground.

b. Sites for Winter Shelters. Shelter sites that
are near wooded areas are the most desirable in
winter because these areas are warmer than open
fields. They conceal the glow of fires and provide
fuel for cooking and heating. In heavy snow tree
branches extending to the ground offer some
shelter to small units.

¢c. Materials.

(1) Construction. Work on winter shelters
should start immediately after the halt
so that thz2 men will keep warm. The
relaxation and warmth offered by the
shelters is usually worth the effort ex-
pended in constructing them. Beds of
foliage, moss, straw, boards, skis, par-
kas, or shelter halves may be uzed as
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protection against dampness and cold
from the ground. Snow should be re-
moved from clothing and equipment be-
fore entering the shelter. The entrance
of the shelter is located on the side that
is least exposed to the wind, is close to
the ground and has an upward incline.
Plastering the walls with earth and snow
reduces the effects of wind. The shelter
itself should be as low as possible. The
fire is placed low in fire holes and cook-
ing pits.

(2) Insulating. Snow is windproof, so to
keep the occupant’s body heat from melt-
ing the snow, it is necessary only to place
a layer of some insulating material such
as a shelter half, blanket, or other ma-
terial between the body and the snow.

24, Types

a. Wigwam Shelter. This type of shelter (1,
fig. 28) may be constructed easily and quickly
when the ground is too hard to dig and shelter is
required for a short bivouac. It will accommodate
three men and provide space for cooking. About
25 evergreen saplings (5 to 71 cm in diameter, 3
meters long) should be cut. Leave the limbs on
the saplings, and lean them against a small tree so
the butt ends are about 2 meters (7 ft) up the
trunk. Tie the butts together around the tree with
a tent rope, wire, or other means. Space the
ground end of the saplings about 30 ecm (1 ft)
apart, around and about 2 meters from the base
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of the tree. Then trim the branches off inside the
wigwam and bend down on the outside so that
they are flat against the saplings. The branches
that are trimmed off from the inside may be used
to fill in the spaces that are left. Shelter halves
wrapped around the outside make it more wind-
proof, especially after it is covered with snow. A
wigwam can also be constructed as shown in 2,
figure 28 by lashing the butt ends of the saplings
together instead of leaning them against the tree.

b. Lean-to Shelter. This shelter (fig. 29) is
made of the same material as the wigwam (natur-
al saplings woven together and brush). The sap-
lings are placed against a rock wall, a steep hill-
side, a deadfall, or some other existing vertical
surface, on the leeward side. The ends may be
closed with shelter halves or evergreen branches.

¢. Two-man Mountain Shelter. This shelter is
useful, particularly in winter or in inclement
weather when there is frequent rain or snow. It
is basically a hole 2 meters long, 1 meter wide, and
1 meter deep. The hole is covered with 15 to 20
cm diameter logs; then evergreen branches, a
shelter half, and local topsoil (leaves, snow, twigs,
and similar material) are added. The floor may
be covered with evergreen twigs, a shelter half, or
other expedient material. Entrances are provided
at both ends if desired. A fire pit may be dug at
one end for a small fire or stove. A low earth par-
apet is built around the emplacement to provide
more height for the occupants. This shelter is
very similar to an enlarged roofed, prone shelter
(fig. 7).
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Figure 28. Wigwam.

25. Tropical Shelter

A satisfactory bed and rain shelter (fig. 31)
may be constructed in a short time from natural
materials. The bed itself is made first about 1
meter above the ground. Four forked stakes,
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(2)BUTT ENDS LASHED

Figure 28—Continued.

about 1.5 meters long and 5 em in diameter, are
driven into the ground. Then, a timber frame-
work lashed together with vines, rope, or wire is
placed on the stakes. Stout and pliable reeds, such
as bamboo shoots, are laid over the framework
and covered with several layers of large, fine
ferns. Four longer stakes are driven into the
ground alongside the bed stakes for the roof.
There must be some pitch to the roof to permit the
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Figure 29. Lean-to shelter.

rain to run off. Leaves for the roofing are laid
with the butt ends toward the high end of the
shelter.
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Figure 80. Two-man mountain shelter.
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Figure 31. Jungle rain shelter.

Section Il. DELIBERATE SHELTERS

26. Types

The most effective shelters are deliberate, un-
derground, cut-and-cover or cave shelters. Shel-
ters should be provided with as deep overhead
cover as possible. They should be dispersed and
have a maximum capacity of 20 to 25 men. Supply
shelters may be of any size, depending on location,
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time, and materials available. The larger the shel-
ter the greater the necessity for easy entrance and
exit. Large shelters should have at least two well
camouflaged exits spaced widely apart. The far-
ther away from the frontlines the larger, deeper,
and more substantial a shelter may be constructed
because of more freedom of movement, easier
access to materials and equipment, and more time
to spend constructing it.

27. Construction Requirements

a. Drainage. Drainage is an important problem
in cut-and-cover and cave shelters, particularly.
After the shelter is dug, drainage usually includes
keeping the surface and rain water away from the
entrance, preventing the water from seeping into
the interior by ditching, and removal of water
that has collected inside the shelter. The floors of
shelters must have a slope of at least 1 percent
toward a sump (fig. 32) near the entrance and the
entrance should be sloped more steeply toward a
ditch or sump outside the shelter (fig. 33).

b. Ventilation. It is particularly important to
ventilate cave shelters, especialy if it is necessary
to close the entrances during an attack. In sur-
face and cut-and-cover shelters, enough fresh air
usually is obtained by keeping entrances open.
Vertical shafts bored from within cave shelters
are desirable if not absolutely essential. A stove-
pipe through a shaft assists the circulation of air.
Shelters that are not provided with good ventila-
tion should be used only by personnel who are to
remain inactive while they are inside. Since an
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Figure 82. Sump for shelter drainage.

DIRT OVERHEAD FiLL

ENTRANCE

1% SLOPE

R Ao, ~“7%-5% SLOPE |

V4 X
DITCH ENTRANCE SLOPE TO
OITCH OR SUMP

Figure 83. Floor and entrance drainage.
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inactive man requires about 1 cubic foot of air
per minute, unventilated shelters are limited in
capacity. Initial air-space requirements for
shelters for not over 12 men are 350 cubic feet
per man.

¢. Entrance Covering. If gasproof curtains
are not available, improvised curtains made of
blankets hung on light, sloping frames may be
used. They should be nailed securely to the sides
and top entrance timbers. Curtains for cave
shelters should be placed in horizontal entrances
or horizontal approaches to inclines. Windows
should be covered with single curtains. All crev-
ices should be caulked with clay, old cloths or
sandbags. Flooring or steps in front of gas cur-
tains should be kept clear of mud and refuse.
Small, baffled entrances and or right angle turns
will reduce the effects of nuclear blasts and will
keep debris from being blown in. Baffle walls
may be constructed of sods or sand bags. Ma-
terials which may be injurious to the occupants
should be avoided.

d. Sanitary Conveniences. Sanitary conven-
iences should be provided in all but air-raid emer-
gency shelters and surface-type shelters, where
latrines are available. Disposal is by burial or
chemical treatment. When water-borne sewage
facilities are available, disposal can be into septic
tanks or drainage into special sewers.

e. Light Security. Blackout curtains should be
installed in the entrance to all shelters to prevent
light leakage. To be most effective, blackout cur-
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tains are hung in pairs so that one shields the
other. Blankets, shelter-halves or similar ma-
terial may be used for this purpose.

f. Emergency Exists. Emergency exists in
larger shelters are desirable in case the main exit
is blocked. If possible, the emergency exit should
be more blast-resistant than the main entrance.
This can be done by making it just large enough
to crawl through. Corrugated pipe sections or
55-gallon drums with the ends removed are use-
ful in making this type of exit. A simple emer-
gency exit which is blast-resistant can be con-
structed by sloping a section of corrugated pipe
from the shelter up to the surface, bracing a
cover against the inside, and filling the section
of pipe with gravel. When the inside cover is
removed, the gravel will fall into the shelter, and
the occupants can crawl through the exit without

digging.

28. Surface Shelters

A log shelter (fig. 34) is constructed in the
form of a box braced in every direction. The
framework must be strong enough to support
a minimum of 45 cm of earth cover and to with-
stand the concussion of a near-miss of a shell or
bomb or the shock of a distant nuclear explosion.
The size of the logs used is limited by the size
of available logs for the roof supports and by
the difficulty of transporting large timbers even
if available.

a. Size. Shelters 2 to 3 meters wide by 4.2
meters long are suitable for normal use. The
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shelter shown in figure 35 will provide from 1.8
to 2 meters of headroom.

b. Timbers. All timbers should be the same
gize if possible, approximately 15 to 20 ecm in
diameter depending on the width of the shelter
(table IV). The uprights should be approxi=
mately 60 cm apart except at the entrance where
they may have to be spaced further apart. The
roof supports should be spaced the same as the
uprights. Holes should be drilled for drift pins
at all joints.

¢. Bracing. Boards 2.5 by 10 em (1 in. by 4
in.) in size for the diagonal bracing is nailed to
caps, sills, and uprights.

d. Walls. The log shelter frame should be cov-
ered with board or saplings and backfilled with
aproximately 60 cm of earth, or a hollow wall
may be constructed around the buildings and
filled with dirt.

e. Cover. A roof of planks, sheet metal, or
other material is then layed over the roof sup-
ports and perpendicular to them to hold a mini-
mum of 45 c¢cm of earth cover,

Table IV. Size of Roof Supports

Size of timber

Maximum span when used to
support 456 cm of earth

(diameter)
10 em (4in.) _____ e
125 em (5in.) woiceomo
1I5em (6in)) ______-______

175 em (7in) oo
20.0 em (8 in.)
22.5 em (9 in.)

(1.2 ecm) 4 feet
(2.0 cm) 5 feet
(2.1 cm) 7 feet
(2.7 ecm) 9 feet
(3.3 cm) 11 feet
(3.9 cm) 13 feet
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Figure 84. Log framed shelter.

29. Subsurface Shelters

a. Cut-and-Cover Shelters. The log shelter
shown in figure 34 is suited to cut and cover con-
struction or surface construction. The best lo-
cation for cut-and-cover shelters is on the reverse
slope of a hill, mountain, ridge, or steep bank as
shown in figure 35. The shelter frame is built
in the excavation; the spoil is backfilled around
and over the frame to ground level, or somewhat
above, and camouflaged. The protection offered
depends on the type of construction (size of tim-
bers) and the thickness of the overhead cover.
As in the case of a surface shelter of similar con-
struction approximately 45 cm of earth cover can
be supported.
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CUT-AND-COVER SHELTER IN A HILLSIDE (BAFFLE WALL OF
'ENTRANCE CAMOUFLAGE OMITTED) SHADED AREA AND
BROKEN LINES SHOW CUT-AND-FILL SECTION. AR VENT

A~

DRAINAGE__—"
DITCH "~ sanD BAGS

*CUT-AND-COVER SHELTER IN A CUT BANK SHOWING
SAND-BAGGED OUTER WALL. SHADED AREA AND

BROKEN LINES SHOWi AREA OF CUT-AND-FILL.

Figure 85. Cut-and-cover shelter.
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b. Sectional Shelters. Shelters of the type
shown in figure 36 are designed so that the 6 by
8 ft (1.8 by 2.4 meters) sections may be assem-
bled for use individually or in combinations of
two or more sections to provide the required
shelter area. The advantages of sectional shelters
for the purpose of command posts or aid stations
is the flexibility of the shelter area that can be
provided, the depth of cover the shelter will sup-
port and the fact that the design lends itself to
prefabrication. The principal disadvantage is
the degree of skill required in constructing the
sections from dimensional lumber or logs of com-
parable strength, necessitating engineer assist-
ance and supervision.

(1) Siting. The shelter should be sited on
a reverse slope for cut and cover con-
struction.

(2) Ezcavation. Assuming that each bent
or side unit (fig. 36 and table V) is
sheathed before installation, the ex-
cavated area should be 2.1 meters (7 ft)
wide and 3 meters (10 ft) long for one
section. The additional length of the
excavated area will provide working
space to install sheathing on the rear
unit. The area for the shelter should
be excavated to a depth of 8.6 meters
(12 ft) to allow for a laminated roof
and 3.2 meters (10 ft 6 in.) for stringer
roof (para. 30).

(3) Assembly. The two bents or side units
may be assembled and sheathed before
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they are placed in the excavated area.
In this manner drift pins are installed in
the sills, caps and posts before units are
placed in the excavated area. Bracing
on the side units as well as the bracing
and spreaders on the front and rear
units are toenailed.

(4) Organization of work crews. An engi-
neer squad or a squad other than engi-
neer under engineer supervision can be
used economically at the work site to
excavate the shelter area, assemble the
bents, excavate the trench entrance,
backfill, assemble the roofing and cover
materials, and construct the overhead
cover. Under favorable conditions a
trained engineer squad can excavate the
area required for the shelter, and in-
stall the shelter and overhead cover in
18 to 20 hours. However, if a backhoe
or bucket loader is available for the ex-
cavation, the time can be reduced to ap-
proximately 6 hours.

¢. Cave Shelters. Caves are dug in deliberate
defensive positions, usually by tunneling into
hillsides, cliffs, cuts, or ridges, or excavating into
flat ground. Because of the undisturbed over-
head cover, a cave is the least conspicuous of all
types of shelters if the entrance is covered. One
of the best locations for a supply cave entrance
is shown in figure 837. The disadvantages of cave
shelters include limited observation, congested
living conditions, small exists, and difficult drain-
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Figure 36. Sectional shelters.

age and ventilation. Their construction is diffi-
cult and time consuming. Exists may be blocked
or shoring crushed by a direct hit from a con-
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Figure 36—Continued.
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Figure 86—Continued.

ventional weapon or ground shock from a nuclear
explosion.

d. Special Use Shelters.

(1) Observation posts. These are located on
terrain features offering as good a view
as possible of enemy-held areas (fig.
38). The ideal observation post has at
least one covered route of approach and
cover as well as concealment, while of-
fering an unobstructed view of enemy-
held ground.

(2) Command posts. Small unit command
posts may be located in woods, ravines,
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Table V. Bill of Materials for One 6' x 8 Sectional Shelter
with Post, Cap and Stringer Construction—
Dimensioned Timber

(See Metric System conversion table, appendix II)

Material list Quantities
No.| Nomen-
clature Rough size | Roof | Front | Right

1 | Cap or sill] 6”x8”x8-0"" | oo

2 ] Post —____ 6”7x67%x6-10" | ccue-

3 Stringer** 6”x6”x6’-0"" 16

4 | Spreader _| 8”x6"x6-0” | ——_--

5 | Post, door | 3”x6”x6’-6"" | oce-

6 | Brace —___| *3”x6”x7'~0"" | aceea

7 | Brace -___ | *3”"x6”x6’-10""} __.--

8 | Brace ____|*3”x6”x8-0” |___--

9 | Spreader _| 27x6”x8’-8" |.--__-

10 | Spreader _ | 2”x67x2’-9” |-----

11 | Spreader - | 2”x6”x2'-0” f-----

12 | Scab ____ | 8”x6”x2'-0" |-a---

18 | Siding -__ | $”xRWx8-0" |---——

14 | Siding -__ | 3”xRWx6’-0" |- ———-

16 | Siding ___ { 3”’xRWx4’-0" |-

16 | Siding --- | 3”xRWx3’-6" |-———-

17 | Rellroofing 100 sq ft roll 6 Jemeee | mmeem| cemmee femee-
18 | Driftpin - {1%4”x14” 82 |aa--- 6 6 ]|-----
19 |Nails ——__Jeod = J—-—- 8Ib 8lb 81b 81b

* Allowance for double cut ends of braces is included in overall
length as shown under rough size.
*+ Laminated wood roof (fig. 40) may be substituted if desired.

Size of rectangular timber

Size of round timber
required to equal (in inches)

6x6
6x8
8x8
8x10
10x10
10x12
12x12

7

8
10
11
12
13
14
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Construction Notes

1. Any combination of the four types of side panels
shown may be used in regard to location and number of
doors required.

2. In the construction of two or more basic units, the
exterior wall panels should be based on the number and
position of doorways required. Panels to be coupled in the
interior of the shelter, forming a double wall, must be of
the same type wall construction and provide doorways.
Siding is not required on interior walils.

ENTRANCE
EXIT

DRAINAGE DITCH
ROAD CuT

Figure 87. Supply cave in a road cut.
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in the basements of buildings, or former
enemy fortifications. When none of
these are available, surface or cut-and-
cover shelters previously described may
be modified for this purpose.

(3) Medical aid stations. Cut-and-cover
shelters are especially adaptable as aid
stations since they are easily cleaned and
ventilated. Suitable sites may be found
in pits, quarries, under banks, or in
small buildings or ruins.

(4) Ammunition shelters. Ammunition shel-
. ters should be located and constructed
so that they protect ammunition against
the weather and enemy fire. They
should be well concealed, and large
enough to hold the desired quantity of
ammunition close to the firing position.
Figure 39 shows an ammunition shelter
which may be constructed in an em-
placement parapet. If it is necessary
to construct ammunition shelters above
ground, particularly where the water
level is close to the surface, a log crib
built up with dirt is suitable.

30. Heavy Overhead Cover

To provide adequate protection against both
penetration and detonation of artillery shells and
bombs, a structure would require overhead earth
cover so thick as to be impracticable. By com-
bining materials and using them in layers in a
logical sequence, the required protection is pro-
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GROUND LINE SANDBAGS

OPENING FOR
OBSERVATION
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o
45c-r:|| rtlscm 30c¢m

CROSS-SECTIONAL VIEW
Figure 88. Observation post.

vided with less excavation and construction effort.
Two designs of overhead cover in functional
layers which protect against the penetration and
explosion from a hit by a 155-mm artillery round
are shown in figure 40 and described below.

a. Laminated Roof Construction. In this de-
sign either five 5 cm or seven 2.5 cm layers of
lumber are used for the laminated roof as shown
in 1, figure 40.

(1) Dustproof layer. Tar paper, canvas, or
tarpaulins lapped and placed above the
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Figure 39. Ammunition shelter.

laminated roof is used to prevent dust
and dirt from shaking down on equip-
ment, weapons, and personnel.

Cushion layer. The cushion layer is in-
tended to absorb the shock of detonation
or penetration. Untamped earth is the
best material for this purpose and should
be at least 30 cm thick. Materials, such
as loose gravel, transmit excessive shock
to the layer below and should not be
used in the cushion layer. This layer
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extends on all sides for a distance equal
to the depth of the shelter floor below
the ground surface or a minimum of 1.5
meters.

(3) Waterproof layer. The waterproof
layer is constructed of the same materi-
als or similar to the dustproof layer. It
is intended to keep moisture from the
cushion layer in order to retain the
cushioning effect of the soft dry earth,
and minimize the dead load the structure
must carry.

(4) Burster layer. The burster layer is in-
tended to cause detonation of the pro-
jectile before it can penetrate into the
lower protective layers. This layer is
made up of 15- to 20-em rocks placed in
two layers with the joints broken. Ir-
regular shaped rocks are more effective
for this purpose than flat rocks. If
rocks are not available, 20 ¢cm logs may
be used. They must be wired tightly
together. The burster layer should ex-
tend on each side of the shelter a mini-
mum of 1.5 meters.

(5) Camouflage layer. The burster layer is
covered with about 5 cm of untamped
earth or sod, as a camouflage layer. A
greater thickness of camouflage material
will tend to increase the explosive effect.

b. Stringer Roof Construction. Figure 40, il-
lustrates stringer roof construction of heavy over-
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head cover. The construction is similar to lami-
nated roof construction with the addition of:

(1) A lower cushion layer 30 cm thick on
top of the dustproof layer. This layer of
untamped earth does not extend beyond
the sides of the shelter.

(2) A distribution layer consisting of a 20-
cm timber. This layer extends beyond
each side of the shelter a minimum of
1.5 meters and rests on undistributed
earth to transmit part of the load of the
top layers to the undisturbed earth on
each side of the shelter.

SR
7-2.5cm BOAROS YIS

N

Figure 40. Heavy overhead cover.
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Figure 40—Continued.

31. Support of Overhead Cover

a. Overhead cover is normally supported on the
roof of the structure and the resultant load is
transmitted through the caps and posts to the
foundation on which the structure rests. It may
be necessary in some instances, to support the
roof directly on the earth outside a revetted posi-
tion. While this must be done, the roof timber
should not bear directly on the earth outside the
excavation. The added load may cause the wall
to buckle or cave in. Instead, the roof structure
is carried on timber sills or foundation logs
bedded uniformly in the surface at a safe dis-
tance from the cut. This distance should be at
least one-fourth the depth of the cut and in no
case less than 30 cm to the nearest edge of the
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sill. Round logs used for this purpose are em-
bedded to at least half their diameter to pro-
vide maximum bearing area of log to soil. These
principles are illustrated in figure 41.

b. Laminated planks or stringers are used to
support the roof cover.

(1) Table VI shows the thickness of lami-
nated plank roof required to support
various thicknesses of earth cover. The
planks should extend from support to
support in all layers, and adjoining
edges should be staggered from one
layer to the next.

(2) Table VII shows the spacing of string-
ers required to support a one-inch plank

|/4 DEPTH OF CUT~ (NEVER LESS THAN 30Ocm)

ROUND LOGS
IMBEDDED

> DIAMETER

Figure 41. Support of overhead cover on earth banks.
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(3)

roof under various thicknesses of earth
over various spans. Stringers are 2” X
4” unless otherwise indicated.

The roof designs shown here are not
designed to be shellproof, even under a
laminated earth and rock cover. The
roofs shown with the cover indicated are
fragment proof and will give substantial
radiation protection, if properly de-
signed entrances are provided.

¢. Sandbags are never used to support over-

head cover.

32. Buildings as Shelters

a. Protection. Protection from enemy fire may

be achieved for occupants in a building used as
a shelter by strengthening the building, by shor-
ing up ceilings, and bracing walls. Men inside
buildings are reasonably well protected against
thermal

Table VI.

effects and radiation unless they are

Thickness in Inches of Laminated Wood Re-
quired To Support Various Thicknesses of
Earth Cover Over Various Spans

(See Metric System conversion table, appendix II)

Thickness

of earth Span width in feet

cover in 214

feet

[

834 4 3

-

1%
2
2%
38
3%
4

DO DO DD b e
DN NN N -
NN NN NN
DN NN NN
oo NN
B OO Co o

94

AGO 7830C



Table VII.

Center to Center Spacing, in Inches, of Wooden

Stringers Required To Support a 1-Inch Thick Wood
Roof With Various Thicknesses of Earth Cover QOver
Various Spans

(See Metric System conversion table, appendix 1T)

Thickness

Span width in feet

of earth

cover In 214 3 31 " 5 6
1% 40 30 22 16 10 18*
2 33 22 16 12 8/20*) 14+
2% 27 18 12 10 16* 10*
3 22 14 10 8/20% | 14* 8*
3% 18 12 8/24* | 18* 12* 8*
4 16 10 8/20* | 16* 10* 7%

®* Note. Stringers are 2* by 4* except those marked by an asterisk
(*) which are 2” by 6”.

near doors or windows. The principal danger is
from falling masonry and from fire in the build-

ing.

b. Basic Considerations.

(1)

(2)

AGO 7880C

A ground floor or basement is more like-
ly to make a suitable shelter than any
other floor. The risk of being trapped
must be guarded against. Heavy bars,
pieces of pipe, or timbers should be
available in each room that is occupied,
for use by the occupants in the event the
building is demolished.

Small arms for fire will not penetrate
the walls if they are 45 ¢cm (18 in.)
thick. The walls will not wusually
splinter from small arms fire if they are
30 cm thick. Additional protection can
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(3)

(4)
(5)

(6)

e obtained by building sandbag walls.
If sandbags are used inside the building
they reduce the useable space, but last
longer and are not conspicuous. Care
should be exercised in using sandbags
above the first floor due to the weight
involved.

Window glass should be removed since
it gives no thermal protection and is
dangerous when shattered. If it is re-
tained as protection from the weather,
it should be screened or boarded.

Several exists are necessary.

Provisions for fighting fire should be
made.

Blackout arrangements should be made,
if not already provided by thermal
screening of doors and windows.

c. Use of Weapons. In using a building as a
firing position, there are several considerations:

(1)

(2)

(3)

The preparatory work should not dis-
close the intended use of the building to
the enemy.

Weapons must be sited well back from
any opening so that neither weapons
nor personnel are visible from the out-
side.

Several firing positions should be avail-
able in order to obtain a wide field of fire.
The shapes of the openings should not
be changed for this purpose.
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(4) Any openings other than the normal
ones are very conspicuous unless they
are close to the ground.

(5) There are no fixed designs for weapons
platforms under these circumstances.
Platforms must be improvised from ma-
terials immediately available. Sand-
bags should be used sparingly if there
is any doubt about the strength of the
floor.

d. Utilization of Buildings. Utilization of
existing buildings as shelters is discussed in de-
tail in TM 5-311.
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CHAPTER 4
TRENCHES AND FIELDWORKS

Section I. TRENCHES

33. Purpose

a. Defensive Area. Trenches are excavated to
connect individual foxholes, weapons emplace-
ments, and shelters in the progressive develop-
ment of a defensive area. They provide protec-
tion and concealment for personnel moving
between fighting positions or in and out of the
area. Trenches should be included in the overall
layout plan for the defense of a position. The
excavation of trenches involves considerable time,
effort, and materials and is only justified when
an area will be occupied for an extended period.
Trenches are usually open excavations but sec-
tions may be covered to provide additional pro-
tection if the overhead cover does not interfere
with the fire mission of the occupying personnel.

b. Development. Trenches are developed pro-
gressively as is the case for other fighting posi-
tions. As they are improved they are dug deeper,
from a minimum of 60 c¢cm to approximately 1.7
meters. As a general rule, there is a tendency to
excavate deeper for other than fighting trenches
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to provide more protection or to allow more head-
room. Some trenches may also have to be wid-
ened to accommodate more traffic including
stretchers. It is wusually necessary to revet
trenches that are more than 1.5 meters deep, in
any type soil. In the deeper trenches some engi-
neer advice or assistance may be necessary in
providing adequate drainage.

34, Construction

a. Crawl Trench. The crawl trench is used to
conceal movement into or within a position and
to provide a minimum of protection. Crawl
trenches should be 60 to 75 cm deep and about
75 ¢cm wide. This is the narrowest trench prac-
ticable for most purposes and the least width that
can be dug without difficulty. They should be
zigzagged or winding. The spoil is thrown up
into parapets, normally on each side of the trench.
If the trench runs across a forward slope, it is
better to throw all the spoil on the enemy side
of the trench to make a higher parapet.

b. Fighting Trench. In developing a trench
system the outline of the trench is marked out
on the ground if time permits, or if the digging
is to be done at night, the ground is taped. The
berm line is indicated about 45 ¢m from the front
edge of the trench. Each 2-meter segment of
trench is dug by two men working in the same
direction (not facing each other or back to back).

(1) First step. The trench is dug to a depth
of 90 em (3 ft) below ground level (1,
fig. 42). At this point both men are
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able to fire in either direction, in a
kneeling or crouching position. In ordi-
nary soil this step can be completed in
approximately 2 hours. The sides of the
trench are kept vertical, or as steep as
possible. If the soil is not stable, the
sides require revetting immediately.
Spoil is thrown to eaech side of the
trench in alternate shovelfuls beyond the
berm lines until each parapet is about
30 cm high and at least 45 cm wide on
the back parapet. The remaining spoil
is thrown on the front parapet until it
is at least 150 cm wide (fig. 42).

(2) Second step. The second step consists
of deepening the trench until it is ap-
proximately 135 em deep from the level
of the trench parapet (2, fig. 42). Nor-
mally the front parapets are 30 em high
and the dirt settles 5 to 10 em. Parapets
are then shaped and camouflaged.

(3) Front parapet. The front parapet must
be made according to the lay of the
ground and the requirements of the
weapon. A front parapet is often un-
necessary on a steep forward slope. At
most sites a front parapet improves the
field of fire and should be constructed as
follows:

(a¢) Height. A convenient height for the
front parapet for firing purposes is
23 to 30 cm when the ground is level.
It should be higher to fire uphill and
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the crest should be irregular to aid
concealment. The height shown in
figure 42 is average.

(b) Width. A reasonably bullet-proof

parapet should be 1 meter in width.
Since it is sloped in front and rear,
the total width on the bottom will be
approximately 2 meters.

(¢) Berms. The berm on the front of the

(4)

(5)

AGO 7330C

trench forms an elbow rest which is
usually about 45 em wide. If an M60
machinegun on a bipod is to be fired,
the firing platform should be 90 cm
from front to rear.

Rear parapet. The rear parapet is
made of spoil that is not required for the
front parapet. If the spoil is available
the rear parapet should be higher than
the front parapet to prevent silhouetting
of soldiers’ heads when firing. The rear
parapet may be up to 45 ecm high and
should be at least 45 cm wide at the top,
sloped steeply in front. Parapets may
be omitted to aid concealment or when
ground provides background and protec-
tion to the firer’s rear.

Concealment. Parapets are finished off
by replacing turf or topsoil. The trench
and parapets are covered with any avail-
able camouflage material, arranged to
permit firing.
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(6) Drainage. 1f the bottom of the trench
floor is wet or muddy, a sump is dug at
the lowest point.

¢. Standard Trench. The standard trench is
developed from the fighting trench by lowering it

BERM ELBOW REST
30cm 45cm

FRONT PARAPET

1) =X )=

0) st STEP

30cm 45cm Im

AMMUNITION
RECESS

® 2d sTEP
Figure 42. Development of a fighting trench.
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to a depth of 1.7 meters (514 ft). It may be
constructed with fighting bay (fig. 43) or with a
fighting step (fig. 44). This trench provides
more protection than the fighting trench due to
its depth. Additional protection in the form of
overhead cover may also be provided. This
trench is primarily a fighting position but it can
also be used for communications, supply, evacua-
tion, and troop movements.

d. Traces. Each trench is constructed to the
length required and follows one of the traces de-
scribed below to simplify construction. Special
combinations and modifications may be developed.

(1) Octagonal trace. The octagonal trace
(1, fig. 4b5) is excellent for fighting
trenches in most situations. The octag-
onal trace has the following advantages:

(a) It affords easy communication.

(b) It affords excellent protection against
enfilade fire.

(¢) It facilitates oblique fire along the
front.

(d) It is economical to construct, both in
labor and material.

(¢) It can be provided with a continuous
fire step. Its chief disadvantage is
that its layout lacks simplicity of de-
tail.

(2) Zigzag trace. The zigzag trace (2, fig.
45) can provide protection from enfilade
fire and shell bursts by the employment
of short tangents and by the occupation
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of alternate tangents. The zigzag
trace has the following advantages:
(a) It is the simplest and easiest to trace,
construct, revet, and maintain.
(b) It may be readily adapted to the ter-
rain.
(¢) It permits both frontal and flanking
fire. This trace has no specific dis-
advantages.

e. Trench Boards. If the sumps are choked
with mud, they will cease to function. When
this happens, alternatives include some forms of
flooring. Trench boards (fig. 46) are the most
practical. Timber planks, metal mats, or sap-
lings wired together may also be used.

35. Drainage

a. Siting. Emplacements, shelters, and
trenches are sited to take advantage of the na-
tural drainage pattern of the ground. They are
constructed so as to provide for—

(1) Exclusion of surface runoff.

(2) Disposal of direct rainfall or seepage.

(3) Bypassing or rerouting natural drain-
age channels if they are intersected by
the emplacement or shelter.

b. Surface Runoff. Proper siting, as illus-
trated in figure 47, can lessen this problem by
locating the emplacement, shelter, or trench in
an area not subject to excessive runoff. Surface
water may be excluded by excavating interceptor
ditches up slope from the emplacement or shelter.
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FIGHTING BAY
WIDTH-DEPTH-90cm

1.7 meters

Figure 43. Standard trench with fighting bay.

It is much easier to prevent surface water from
flowing in than to remove it after it is in the ex-
cavation. Fortifications should be sited so as
to direct the water to natural drainage lines.
If this is not possible, the water is conducted
across the trench through open flumes developed
for the purpose or under the trench using a com-
bination of trench drains and culverts. An ap-
plication of the open flume method for use with
trenches is shown in figure 48. A typical under
trench drain is shown in figure 49.
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FIRE POSITIONS
STAGGERED
BQTH SIDES
OF TRENC!

Figure 44. Standard trench.

¢. Direct Rainfall or Seepage. Water collect-
ing within an emplacement or shelter is carried
to central points by providing longitudinal slopes
in the bottom of the excavation. A very gradual
slope of 1 percent is desirable. In trenches the
slope is best provided for by fitting the trench to
the terrain in such a way that the original sur-
face has a moderate slope, as shown on the con-
toured layout in figure 50. When permitted by
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_______ —_~ — —

6 PACES

@ 216ZAG TRACE

Figure 45. Standard trench traces.

the ftactical situation, excavation of trenches
should commence at the lowest level and progress
upward in order to avoid collecting water in the
bottom of a partially completed trench. The cen-
tral collecting points may be either natural drain-
age lines or sumps below the bottom of the ex-
cavation as shown in figure 51. Such sumps are
located at points where the water will percolate
through permeable soil or can be piped, pumped,
or bailed out.
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Figure 46. Trench board and support.

36. Overhead Cover

a. Light Cover. Expedient overhead cover may
be supported as shown in figure 52. Logs 15 to
20 cm in diameter should be used to support light
earth cover. Saplings laid in a laminated pat-
tern, to a depth of 15 to 20 cm may be used as a
substitute for the logs. The total thickness of
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W UINE

TRENC

Figure 47. Siting to lessen problem of runoff disposal.

Figure 48, Use of open flume to direct water across ditch.

the logs or saplings and the earth cover should
be a minimum of 45 cm.

b. Heavy Cover. If heavy overhead cover is
used in the construction of trenches it should be
installed in 6- to 12-meter sections and in con-
junction with the overhead cover of emplace-
ments and shelters connected by the trenches.
Support for heavy overhead cover is provided by
post-cap-stringer type structures as shown in
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Figure 49. Use of under trench drains.

figures 53 and 54. Trenches must be widened
and deepened to accommodate these structures in
accordance with information contained in the
above illustrations. Bills of materials are shown
in tables VIII and IX.

37. Revetment

a. Wall Sloping. The necessity for revetment
may sometimes be avoided or postponed by sloping
the walls of the excavation. In most soils a slope
of 1 or 1 is sufficient. This method may have to
be used temporarily if the soil is loose and no re-
vetting materials are available. However, wall
sloping can seriously reduce the protection due to
the increased width of the trench at ground level.
In any case where wall sloping is used, the walls
should be dug vertical first and then sloped. Di-
vide the height of the wall as in figure 55 by the
slope to be used (34). This gives the amount the
wall must be cut back at ground level. Then, cut
out a section about 30 cm wide for a guide, as
shown.
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Table VIII. Bill of Materials, Trench Cover Section, Post,

Cap, and Stringer Construction Dimensioned Timber
(fig. 53)

(See Metric System conversion table, appendix II)

Addi-
tional
Basle | sections
No. Nomenclature Slze section | when
as used
shown in
8erles
1 Post oo 8"x8"x7- 4 4 2
2 CAp o 8" x10" x6' - 27 2 2
3 Footing _______ 2"x8"x1 - 4"| 16 8
4 Top spreader-_.| 3" x8"x3 -~ 6" 2 1
5 Bottom spreader| 3" x8"x4'- 0” 2 1
6 Scab ________._ 3"x8"x2' - 0 4 2
7 Stringer* ______ 6”"x8" x5'-10"| 13 13
8 Bracing _______ 3"x8" x9' - 6” 2%% | Q%=
9 Driftpin _______ %" x 16" 8 4
10 Driftpin _ .o ___ %" x12” 26 24
11 Nails _________ 60d 201b| 151b

® Laminated wood roof, designed in accordance with table VI may

be substituted if desired.

Ll

® 3o o

9.

*9 Change to 4 when cross bracing is required. See bracing details.

Suggested Construction Procedure

Dig holes for footers.

Place footers in holes making them as level as possible.
Nail posts to footers.

Place caps on tbp of posts and secure with driftpins
(bore % inch holes for pins).

Nail scabs in place.

Nail top and bottom spreaders in place.

Nail side braces in place.

Put stringers on top of caps and secure with % inch
driftpins.

Use typical overhead cover.
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Table I1X. Bill of Materials, Trench Cover Section, Post,
Cap, and Stringer, Construction Log (fig. 54)

(See Metric System coversion table, appendix II)

Additional
Basie sections
No. Nomenclature Size sectlon when
as used in
shown serles
1 Post . ____ 127 logx 7' - 4" 4 2
2 Cap . _____| | 12”7 log x 7' - 6"* 2 2
8 Sin o ___ 12" logx 6' - 4" 2 1
4 Stringer*** __] 10" log x 6' — 4" 8 8
5 Secab __.____ 8"x8"x1 —~6"** 4 2
6 Bracing __.__| 6" logx9 —-6" 4 4
7 Top spreader.] 6” logx 3' - 6" 2 1
8 Driftpins ____| %" x 16” 46 34
9 Nailg ________ 60d 201b 181b

© Or larger multiples thereof.
#® Scah should be dimensi timber as indleated, whenever such

material is available,
be split out of the center of an 87 log.

59 [ aminated wood roof, designed in accordance with tahle I, may
be substituted if desired.

Lol I A ol o o

®

When only logs are availahle the scah should

Construction Notes

Dig trenches for sills.
Place sills and level up.
Fasten posts to sills with % inch driftpins.
Place caps on posts, secure with driftpins.
Nail scabs in place.

Nail in top spreaders.

Nail cross bracing in place.
Place stringers on top of caps and secure with %"

driftpins.

Use typical overhead cover.
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Figure 50. Method of siting trench to provide longitudinal drainage.



23 meters

Figure 52. Revetted fighting trench with cover.
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TYPICAL TRENCH COVER SECTION

@ ONE SECTION

@ TWO SECTIONS
DN mHre sections
XU NIH Four secTions
m FIVE SECTIONS

USE CROSS BRACING ON ALL END SECTIONS.
MORE THAN FIVE SECTIONS USED (9m OR GREATER)
CROSS BRACE CENTER SECTION.

Figure 58. Trench cover section, dimensioned timber.

AGO 7830C

i15



G

5

7 TOP VIEW GROUND

LINE

I
3-INCH
OVERHANG ®\
FLOOR LEVEL
OF TRENCH
LEFT SIDE FRONT LEFT SIDE FRONT
FRAME WITH ROOF FRAMING DETAILS

3088L OOV

Figure 58—Continued.



USE DOUBLE SCAB WITH WHERE POSSIBLE USE
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e [} [«]
S [*] ‘Fﬂl
= 1
\\DRmL HOLES FOR
DRIFT PINS

TOP VIEW (FOOTERS OMITTED)
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Figure 54. Trench section, log construction.
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Figure 54—Continued.
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b. Facing Type Revetment. Facing revetment
serves mainly to protect revetted surfaces from
the effects of weather and damage caused by occu-
pation. It is used when soils are stable enough to
sustain their own weight. This revetment (fig.
56) consists of the revetting or facing material
and the supports which hold the revetting ma-
terial in place. The facing material may be much
thinner than that used in a retaining wall. For
this reason facing type revetments are preferable
since less excavation is required. The top of the

ar.
NS

“{i‘_
R8N
NN
,"\-\, .

.\_
NS

~.

e .
TARUNS

1/4
90em SLOPE 1/

—

Figure 55. Methods of sloping earth walls.
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facing should be set below ground level so that
the revetting is not damaged by tanks crossing
the emplacement.

120

(1)

(2)

Materials for facing. The facing may be
constructed of brushwood hurdles, con-
tinuous brush, pole and dimensioned
timbers, corrugated metal, or burlap and
chicken wire. The method of construct-
ing each type is described below.

Methods of support. The facing may be
supported by:

(a) Timber frames. Frames of dimen-

sioned timber are constructed to fit the
bottom and sides of the position, and
hold the facing material apart over the
excavated width.

(b) Pickets. Pickets are driven into the

ground on the position side of the fac-
ing material and held tightly against
the facing as shown in figure 57 by
bracing the pickets apart across the
width of the position and anchoring
the tops of the pickets by means of
stakes driven into the ground and
tiebacks.

(3) Facing type revetments. Facing type

revetments may be supported either by
timber frames or pickets. The size of
pickets required, and their spacing, is
determined by the soil and the type of
facing material used. Wooden pickets
should not be smaller than 7.5 ecm in
diameter or in the smallest dimension.
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Figure 56. Facing revetment supported by frames.
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The maximum spacing between pickets
should be about 2 meters. The standard
pickets used to support barbed wire en-
tanglements are excellent for use in re-
vetting. Pickets are driven at least 45
cm into the floor of the position. Where
the tops of the pickets are to be an-
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STAKES OR
HOLDFASTS

FACING

RPIZT

Figure 57. Facing revetment supported by pickets.

chored, an anchor stake or holdfast is
driven into the top of the bank opposite
each picket and the top of the picket is
racked to it as shown in figure 58. The
distance between the anchor stake and
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the facing is at least equal to the height
of the revetted face, with alternate an-
chors staggered and at least 60 cm far-
ther back. Several strands of wire hold-
ing the pickets against the emplacement
walls must be straight and taut. A
groove or channel is cut in the parapet
to pass the wire through.

¢. Brushwood Hurdle. A brushwood hurdle is a
woven revetment unit usually 2 meters long and
of the required height. As shown in figure 59,
pieces of brushwood about 2.5 ¢cm in diameter are
woven on a framework of sharpened pickets
driven into the ground at 50 e¢m intervals. When
completed, the 2-meter lengths are carried to the
position, where the pickets are driven in place and
the tops of the pickets are tied back to stakes or
holdfasts. The ends of the hurdles are then wired
together.

d. Continuous Brush. As shown in figure 60, a
continuous brush revetment is constructed in
place. Sharpened pickets, 7.5 cm in diameter, are
driven in the bottom of the trench at 1-pace in-
tervals and about 10 cm from the earth face to be
revetted. The space behind the pickets is packed
with small straight brushwood laid horizontally
and the tops of the pickets are anchored to stakes
or holdfasts.

e. Pole and Dimensioned Timber. A pole revet-
ment (1, fig. 61) is similar to the continuous
brush revetment except that a layer of small hori-
zontal round poles, cut to the length of the wall to
be revetted, is used instead of brushwood. Boards
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or plank, if available, are used instead of poles
and can be installed more quickly (2, fig. 61).
Pickets are held in place by holdfasts or struts.

f. Metal. A revetment of corrugated metal
sheets (1, fig. 62) or pierced steel plank may be
installed rapidly and is strong and durable. It is
well adapted to emplacement construction because
the edges and ends of sheets or planks can be
lapped as required to produce a revetment of a
given height and length. All metal surfaces must
be smeared with mud to eliminate possible reflec-
tion of thermal radiation and to aid camouflage.
Burlap and chicken wire revetments are installed
as shown in 2, figure 62. When damaged, corru-
gated metal forms dangerous sharp edges. Prompt
attention should be given to the repair of damaged
revetments to prevent injuries to personnel or
damage to equipment.

38. Repair and Maintenance of Trenches

a. Maintenance.

(1) Drainage. It is important to keep the
drainage working properly. If water is
allowed to stand in the bottom of a
trench, the revetment will eventually be
undermined and become useless. Sumps
and drains must be kept clear of silt and
refuse. Trench boards should be lifted
periodically so that the mud can be
cleaned out from beneath them.

(2) Berms. Berms must be kept clear and of
sufficient width to prevent soil from the
parapets falling into the trench.
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STAKES OR HOLDFASTS
PLACED HERE AS IN

FIGURE 57

/

Dy IS EQUAL TO OR GREATER THAN H
Dy IS EQUAL TO H+2'

Figure 58. Method of anchoring pickets.

(3)
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Revetted trenches. When wire and pick-
ets are used to support revetment ma-
terial, the pickets may become loose,
especially after rain. Improvised braces
may be wedged across the trench at or
near floor level, between two opposite
pickets. Anchor wires may be tightened
by further twisting. Anchor pickets may
have to be driven in further to hold the
tightened wires.
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Figure 59. Making a brushwood hurdle.

(4) Sandbag revetments. Periodic inspec-
tions must be made of sandbags. Any
bags that are split or damaged should be
replaced.

b. Repair.

(1) Top of trench. If the walls are crum-
bling at the top, making the trench wider
at ground level, an elbow rest should be
cut out of the full width of the berm and
about 30 cm deep, or until firm soil is
reached. Sandbags or sods are then used
to build up the damaged area (1, fig. 638).
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EARTH FACE

APPROX.
10cm

Figure 60. Continuous brush revetment.

(2)
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Bottom of trench. If the trench walls
are wearing away at the bottom, place a
plank on edge, or shift brushwood as
shown in 2, figure 63. The plank is held
against the trench wall with short pick-
ets driven into the trench floor. If planks
are used on both sides of the trench, they
are held in position with a piece of tim-
ber cut to the right length and wedged
between the planks at floor level. Earth
is placed in back of the planks.
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Figure 61. Types of timber revetments.
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CORRUGATED SHEETS!
i

Figure 62. Types of metal revetment.

(3) Collapsed wall. If an entire wall appears
to be collapsing, the trench must be com-
pletely revetted (para. 38) or the walls
sloped (fig. 55) so they will stand. If the
walls are permitted to cave in, the trench
usually must be widened at ground level
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(@ BURLAP AND CHICKEN WIRE

Figure 62—Continued.

which reduces its protective value.
Cave-ins should be prevented as far as
possible by revetting the trench in time
or by one of the remedial measures de-
scribed above.
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Figure 63. Trench repair.

Section Il. FIELDWORKS

39. Revetments

a. Use of Sandbags. Walls are built of sand-
bags or sod in much the same way as bricks are
used. Sandbags are also useful for temporary re-
taining wall type revetments, especially where
silent installation is essential. Sandbags used in
revetments rot in damp weather and fade in the
sunlight. The useful life of sandbags can be pro-
longed by filling them with a mixture of dry earth
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and portland cement, normally in the ratio of 1
part of cement to 10 parts of dry earth. The
cement sets as the bags take on moisture. A ratio
of 1 to 6 should be used for a sand-gravel mixture.
The filled bags may be dipped in a cement-water
slurry as an alternative method.

132

(1) Construction. As a rule sandbags are

used for revetting only when the soil is
very loose and requires a retaining wall
to support it and for the repair of dam-
aged trenches. A sandbag revetment
will not stand with a vertical face. The
face must have a slope of 1/4 and the
base must be on firm ground and dug at
a slope of 1/4. The sandbag wall should
lean against the earth if it is to hold in
place (fig. 64).

(a) The bags are uniformly filled about

three-fourths full with earth or with
a dry soil-cement mixture and the
choke cords are tied.

(b) The bottom corners of the bags are

tucked in after filling.

(¢) As the revetment is built, the revetted

face is made to conform to this slope
by backfilling or additional excavation.

(d) Sandbags are laid so that the planes

between the layers have the same pitch
as the foundation, i.e., at right angles
to the slope of the revetment.

(¢) The bottom row of the revetment is

constructed with all bags placed as
headers (fig. 64). The wall is then con-
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structed using alternate rows of
stretchers and headers with the joints
broken between courses. The top row
of the revetment wall consists of
headers.

(f) All bags are placed so that side seams
on stretchers and choked ends on
headers are turned toward the re-
vetted face.

(2) Common faults. The common faults in
sandbag revetments are illustrated in
figure 64. Sandbags rot quickly, especial-
ly in wet climates. Consequently, con-
siderable maintenance is required.

b. Sod Blocks. Thick sod with good root sys-
tems provides a satisfactory revetting material.
Sod blocks cut into sections about 23 by 46 cm are
laid - flat, using the alternate stretcher-header
method described above for use with sandbags.
Sod is laid grass-to-grass and soil-to-soil, except
for the top layer which should be laid with the
grass upward, to provide natural camouflage. As
each layer of sod is completed, wooden pegs are
driven through the layers to prevent sliding until
the roots grow from layer to layer. Two pegs are
driven through each 23 by 46 cm sod. Sod revet-
ment is laid at a slope of about 1 horizontal to 3
vertical.

¢. Expedients. In cold weather blocks of ice
may be used to construct retaining wall type re-
vetments. They are stacked in the same manner
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as sandbags or sod; water is applied to bind them
together by freezing. Other expedients include
earth-filled packing cases or ammunition boxes.
Empty boxes or packing cases are placed in posi-
tion and nailed to the lids of the layer below ; the
boxes are then filled with earth or rock and the
lids fastened in place. This procedure is repeated
for each row. The tops of the revetments are tied
to pickets to prevent overturning.

HEADERS
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Figure 64. Retaining wall revetment.
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40. Breastworks

Breastworks may be substituted for trenches,
weapons emplacements, ete. when soil conditions
or a high water table makes excavation to the
required depth impossible. Under these circum-
stances earth must be built up above ground level
to form protective walls. This work requires more
time and effort than digging trenches of compara-
ble depth. Breastwork defenses are not as good
protection against airbursts as excavated posi-
tions. They also have serious disadvantages
against blast and nuclear radiation.

a. Construction. When breastworks are con-
structed for fire positions and weapons emplace-
ments their dimensions should conform to exca-
vated positions. A foxhole cannot be duplicated in
breastworks since it is impossible to construct
breastworks with vertical walls. A front breast-
work should be bullet-proof, approximately 1.5
meters minimum thickness. The outer face should
be sloped géntly, not steeper than 1/2 (fig. 65).
The inner face should be sloped 1/4 and revetted.
A rear breastwork may be similar to the front.

b. Snow Breastworks. Snow breastworks can
be constructed as shown in 4 figure 65.

41, Snow Defenses

a. Snow as Protective Material. Snow must be
packed to be effective against small arms fire.
Drifted snow is usually well compacted by the
wind. Loose snow has only about half the value of
packed snow in resisting penetration but shells
and grenades bursting on impact are largely in-
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Figure 65. Varied types of breastworks.
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effective in loose snow because the fragmentation
is blanketed. The thickness of snow required for
protection against small arms and shell splinters
is as follows:

Newly fallen snow____At least 4 meters
Firmly frozen snow ___At least 2.5-3 meters
Packed snow _________ At least 2 meters

Iee . ___________ At least 30 cm

b. Trenches. In deep snow, trenches and weap-
ons emplacements may be excavated in the snow
to approximately normal dimensions. Unless the
snow is well packed and frozen, revetment will be
required (4, fig. 65). In shallow snow, not deep
enough to permit excavation to the required
depth, snow breastworks must be constructed.
These should be of compacted snow, at least 2
meters thick, and revetted.

¢. Shelters. Shelters can be dug in snow in
much the same way as in ordinary soil. In deep,
well-compacted drifts, shelters may be formed by
tunneling. Igloos constructed of ice blocks make
good shelters but their construction is time con-
suming and requires considerable skill and expe-
rience. Other types of shelters common to areas
of heavy snow fall are discussed below :

(1) Snow hole. The snow hole (fig. 66) is a
simple, one-man emergency shelter for
protection against a snow storm in open,
snow-covered terrain. It can be made
quickly, even without tools. Laying down
in snow at least 1 meter deep, the soldier
pushes with his feet, digs with his hands,
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(2)

(3)

and repeatedly turns over, forming a
hole the length of his body and as wide
as his shoulders. At a depth of at least 1
meter, the soldier digs in sideways below
the surface, filling in the original ditch
with the snow that has been dug out
until only a small opening remains. This
opening may be entirely closed, depend-
ing on the enemy situation and the tem-
perature; the smaller the hole, the
warmer the shelter.

Snow cave. Snow caves (fig. 67) are
made by burrowing into a snow drift
and fashioning a room of desirable size.
This type of shelter gives good protec-
tion from freezing weather and a maxi-
mum amount of concealment. The en-
trance should slope upward for the best
protection against the penetration of
cold air. Snow caves may be built large
enough for several men if the consis-
tency of the snow is such that it will not
cave in. Two entrances can be used
while the snow is being taken out of the
cave and the one entrance is refilled with
snow when the cave is completed.

Snow pit. The snow pit (fig. 68) is dug
vertically into the snow with intrenching
tools. It is large enough for two or three
men. SKis, poles, sticks, branches, shel-
ter halves, and snow are used as roofing.
The inside depth of the pit depends upon
the depth of the snow, but should be deep
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enough for kneeling, sitting, and reclin-
ing positions. The roof should slope
toward one end of the pit. If the snow is
not deep enough, the sides of the pit can
be made higher by adding snow walls.

(4) Smow house. The size and roof of a snow
house are similar to those of a snow pit.
The walls consist of snow blocks and
may be built to the height of a man.
Snow piled on the outside seals the
cracks and camouflages the house (fig.
69).

42. Defenses in Tropical Conditions

a. Advantages.
(1) Concealment is comparatively easy.
(2) Timber is readily available.
b. Tools. A variety of cutting tools are required
to—
(1) Clear fields of fire.
(2) Cut tree roots during excavation.
(3) Cut timber for overhead cover.
¢. Equipment. When large cleared areas are
necessary heavy bulldozers with winches are re-
quired for grubbing trees. This equipment can

clear from 10,000 to 12,000 square meters of
heavy jungle in 8 hours.

d. Drainage. Good drainage is required for all
excavations and should be considered in the initial
siting of the position. Trenches, shelters, and em-
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Figure 66. Making a snow hole without tools.
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Figure 67. Snow cave.

placements are floored as soon as possible. Stone,
or brushwood covered with bamboo matting may
be used.

e. Overhead Cover. Waterproof material such
as building paper should be included in the over-
head cover for shelters or trenches and should
overlap the sides of the structure about 60 cm.
Material used as overhead cover must be well
supported and sloped so that water will run off.

43, Dummy Earthworks

a. Dummy Trenches. Dummy trenches are dug
so as to conceal from the air or ground the true
extent of a defended area or locality. Dummy
trenches should be dug about 45 cm deep, with
brushwood laid in the botton (1, fig. 70). The-
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Figure 68. Snow pit in shallow snow.

brushwood has the effect of producing an internal
shadow similar to that cast by a deep trench.
Parapets must be similar to those of other
trenches in the position. False parapets should
also be concealed.

b. Dummy Emplacements. The most noticeable
feature of a roofed emplacement is the deep in-
ternal shadow of its embrasure. This appears to
the enemy from the ground as a black patch of
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Figure 69. Snow house with ice block walls.

regular shape. Usually, it will appear rectangular
if the roof is flat. A rectangular embrasure can
be simulated by means of a box placed in the
ground, with open end to the front, and covered
with earth (2, fig. 70). Some attempt at conceal-
ment and occasional signs of occupation will add
realism.

44. Tunneled Defenses

a. Considerations. Tunnels are not used fre-
quently in the defense of an area due to the time,
effort, and technicalities involved; however they
have been used to good advantage. Tunneled de-
fenses can be used when the length of time an
area must be defended justifies the effort and the
ground lends itself to this purpose.

b. Soil. The possibility of tunneling also de-
pends to a great extent on the nature of the soil,
which can be determined by borings or similar
means. Tunneling in hard rock is so slow that it
is generally impractical. Tunnels in clay or other
soft soils are also impractical since they must be
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Figure 70. Dummy earthworks.

lined throughout or they will soon collapse. There-
fore, construction of tunneled defenses is usually
limited to—
(1) Hilly terrain—steep hillsides.
(2) Favorable soil, including hard chalk,
soft sandstone, and other types of hard
soil or soft rock.

¢. Tuneel Examples. A sketch of tunnels con-
structed in Korea is shown in figure 71. The soil
was generally very hard and only the entrances
were timbered. The speed of excavation, using
handtools, varied according to the soil, seldom ex-
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ceeding 7.5 meters per day. In patches of hard
rock, as little as 1 meter was excavated in a day
(24 hours). The use of power tools did not alter
the speed of excavation significantly. The work
was done by engineer units assisted by infantry
personnel.

d. Construction. Tunnels of the type shown are
excavated about 9 meters (30 ft) below ground
level. They may be horizontal or nearly so.

(1)

(2)

(3)

(4)

AGO 7330C

Entrances. The entrances must be
strengthened against collapse under shell
fire and ground shock from nuclear
weapons. The first 5 meters from each
entrance should be framed with timber
supports using 10 cm x 10 ¢cm or compar-
able timbers.

Size. Untimbered tunnels should be
about 1 meter wide and 1.5 to 2 meters
high.

Chambers. Chambers may be con-
structed in rock or extremely hard soil
without timber supports. If timber is
not used the chamber (fig, 71) should not
be more than 2 meters wide. If timbers
are used the width may be increased to
3 meters. The chamber should be the
same height as the tunnel and up to 4
meters long.

Grenade trap. These should be con-
structed at the bottom of straight lengths
where they slope. It can be done by cut-
ting a recess about 1 meter deep in the
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(5)

(6)

wall facing the inclining floor of the
tunnel.

Disposal of soil. A considerable quantity
of spoil from the excavated area must be
disposed of and concealed. The volume
of spoil is usually estimated as one-third
greater than the volume of the tunnel.
Approximately 100 tons of spoil was re-
moved from the tunnel system shown in
figure 71.

Concealment. Tunnel entrances must
be concealed from enemy observation and
it may be necessary to transport spoil
by hand through a trench. Cold air ris-
ing from a tunnel entrance may give
away the position.

e. Precautions.

(1)

(2)

Entrances. There is always danger that
tunnel entrances will be blocked, trap-
ping the occupants. Picks and shovels
must be kept in each tunnel so that men
trapped can dig their way out.

Alternate entrances. At least two en-
trances are necessary for ventilation
purposes; whenever possible one or more
emergency exists should be provided.
These may be small tunnels whose en-
trances are normally closed and con-
cealed; a tunnel may be dug from inside
the system to within a few feet of the
surface so that a breakout can be made
if necessary.
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Figure 71. Tunneled defenses in Korea.
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PART THREE
OBSTACLES

CHAPTER 5
EMPLOYMENT

Section |. PRINCIPLES

45. Basic Considerations

a. Definition. An obstacle is any terrain fea-
ture, condition of soil, climate, or manmade ob-
ject other than fire power, that is used to stop,
delay, or divert enemy movement.

b. Purposes. OQObstacles should be included in
the overall defense plan to restrict the movement
of enemy forces, delaying them or requiring them
to regroup.

¢. Tactical Obstacles. The following obstacles
are commonly referred to as tactical types:

(1) Antitank obstacles intended to impede
or stop the movement of track vehicles
across country or on roads;

(2) Antipersonnel obstacles constructed to
slow up. confuse, or divert enemy foot
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troops when they attempt to overrun or
infiltrate into a defended position or lo-
cality;

(3) Antivehicle obstacles including road-
blocks, craters and other means that are
used to stop or delay enemy wheeled ve-
hicles so they can be brought under
aimed fire.

(4) Beach and river-line obstacles that de-
lay, obstruct or divert enemy amphibi-
ous operations.

d. Observation. Tactical obstacles must be
under observation and covered by fire for maxi-
mum benefit. An obstacle which is not covered
by observed fire may be ineffective or at best
lead to a false sense of security.

e. Offensive Use of Tactical Obstacles. Ob-
stacles are used to anchor a flank or flanks of an
advancing unit. They may also be used behind
enemy lines to delay, disorganize, and harass
troop movements and communications, especially
when an enemy force is withdrawing. The wide
intervals between dispersed units of company
size or larger should be blocked by a combination
of obstacles and fire power.

f. Nontactical Obstacles. Obstacles falling in
this category may be of the same general design
as obstacles constructed under tactical conditions,
but the same considerations of siting and con-
cealment do not apply. Nontactical obstacles may
be used—

(1) For the protection of important installa-
tions against infiltration or sabotage.
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(2) In civil policing operations to check the
movements of rioters or to isolate a sec-
tion of a town or city.

(3) For administrative purposes.

46. Characteristics of Natural Obstacles

Desirable characteristics of a natural obstacle
are ease of conversion into a more effective ob-
stacle with a minimum of effort, materials, and
time; defilade from enemy observation; location
where observation and defensive fires can pre-
vent enemy breaching; and difficulty of bypass-
ing. The most effective natural obstacles against
tanks are steep slopes, unfrozen swamps, and
broad deep, streams. Rice paddies, lava fields, and
similar areas can also be formidable obstacles.
Usualy time, labor, and materials can be saved
by improving natural obstacles rather than con-
structing artificial ones to serve the same pur-
pose.

a. Steep Slopes. Varying degrees of steepness
are required to stop different types of vehicles.
Tanks can negotiate slopes as steep as 60 per-
cent. However, trees, unfavorable soil condi-
tions, large rocks and boulders can make slopes
of less than 60 percent impassable, even though
this would not be true if the same natural fea-
tures were encountered on level ground. The
movement of infantry is also slowed down by
steep slopes since movement is slower and the
troops tire more rapidly.
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b. Escarpments. A steep face of rock is a
formidable obstacle to both vehicles and person-
nel if it is over 114 meters in height.

¢. Ravines, Gullies, and Ditches. Ravines,
gullies, and ditches are generally obstacles to
wheeled vehicles. If they are over 5 meters in
width, and approximately 2 meters in depth and
the banks are mearly vertical, they are usually
effective against tracked vehicles.

d. Rivers, Streams, and Canagls. The major ob-
stacle value of rivers, streams, and canals is that
they must be crossed by special means, either
deepwater fording, surface or aerial. The width,
depth, velocity of the water, and bank and bot-
tom conditions determine the ease of crossing a
water obstacle by deepwater fording and floating
equipment. However, a river over 150 meters
wide and over 114 meters deep is a major ob-
stacle, limited only by the presence of bridges,
favorable sites for amphibious vehicles, and for
fording sites. The obstacle value of fordable
rivers, streams, and canals is significant when
the stability of the banks and bottoms is consid-
ered. Although a few vehicles may be able to
ford a water obstacle, the poor condition of the
banks and bottom may prevent further use of the
ford without time-consuming improvement of the
crossing site. Stream velocity may likewise limit
the use of a ford and enhance its value as an ob-
stacle.

e. Frozen Streams. Antitank obstacles (fig.
72) can be improvised in frozen streams by cut-
ting an opening about 3 to 4 meters wide in the
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ice and forcing the cut blocks of ice under the
solid surface so the blocks will be carried down-
stream by the current. The openings are then
closed with a light frame covered with cloth,
brush, or tarpaper with about a 10 ¢m covering
of snow. The effectiveness of this type of ob-
stacle depends on keeping the water in the chan-
nel from freezing. A well made trap will be
effective for an extended period of time if it is
inspected frequently to maintain the snow cover.
If the ice freezes solid in the area of the trap, the
procedure outlined above must be repeated.

f. Lakes. Lakes are usually unfordable and
unbridged and must be bypassed unless they are
frozen solid enough to support vehicles and per-
sonnel.

g. Swamps and Marshes. The principal ob-
stacle value of swamps and marshes is the canali-
zation of vehicular movement onto causeways
thereby exposing the columns to air or artillery
attacks. Swamps and marshes over 1 meter in
depth may be better obstacles than rivers, since
causeways are usually more difficult to construct
than bridges, swamps and marshes are probably
better obstacles than rivers. The physical effort
required for foot troops to cross swamps and
marshes is an important factor in their useful-
ness as an obstacle. All roads and causeways
through swamps and marshes should be exten-
sively cratered, mined, or blocked by abatis (fig.
115).

k. Forests. Forests have the effect of canal-
izing movement, since the roads, trails, and fire
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(A) MARK THE SPACE TO BE CUT
(B) REMOVE THE SNOW

(C) SAW OUT THE ICE, CUTTING
ONE EDGE OBLIQUE

(D) FORCE THE ICE BLOCK UNDER
THE SURFACE

WOODEN FRAME COVERED
WITH TAR PAPER OR BRUSH

(E) CONSTRUCT THE FRAME

SNOW COVER

ICE

4.5 meters min.——‘

(F) REPLACE THE SNOW

Figure 72. Antitank trap in ice.
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breaks through them provide the only means for
rapid movement. The obstacle value of a forest
is dependent on tree size and density, soil condi-
tion, slope, and depth. If the trees are at least
20 c¢m in diameter and sufficiently close together,
they will seriously obstruct or stop the movement
of tanks. Even though the trees are seldom close
enough together to stop tanks, they may prevent
tank movement when they are pushed over and
tangled. Much smaller trees (10 ¢m in diameter)
will slow and sometimes stop tanks on 20 percent
slopes. Tree stumps that are 45 ¢m in diameter
or larger are obstacles to tank movement. Forest
undergrowth in the temperate zone is not usually
dense enough to seriously obstruct foot move-
ment, but such movement will be slowed signifi-
cantly by steep slopes, adverse soil conditions, and
fallen trees and branches. The most effective
way of increasing the obstacle value of forests is
to—
(1) Construct abatis (fig. 115) or craters.
(2) Place mines along the roads, trails, and
fire breaks.
(3) Construct log cribs, hurdles, and post
obstacles if the necessary materials are
available.

i. Jungle Obstacles. Tropical jungles are im-
portant obstacles to the movement of vehicles and
personnel. The ground between the trees is us-
ually covered by interwoven vines, bushes, plans,
or rotting vegetation. The ground is often
swampy or marshy. The tangled undergrowth
and overhead foliage limits the visibility and
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there are few if any paths or trails except those
that permit limited foot traffic. Vehicles can sel-
dom operate satisfactorily unless routes are pre-
pared or extensively improved. Foot troops are
required to cut trails through the dense under-
growth cr move with extreme difficulty. Since the
jungle is an effective obstacle to movement, any
roads or trails that exist should be blocked and the
stream fords and amphibian vehicle entry and
exit sites should be mined. If the streams and
rivers provide the best routes, obstacles should be
constructed to slow up or prevent the use of float-
ing equipment. The following obstacles are ef-
fective against foot movement in the jungle:

(1) Panji jungle trap. Panji traps (fig. 73)
are most effective when they merge with
or resemble natural jungle obstacles. In
the defense, they may be used either as
barricades around camps or as barriers
to impede the advance of an assault. In
the offense, they may be constructed be-
hind enemy lines to stop or hinder any
retreat. Enemy patrols can be dis-
banded by skillful use of these traps in
connection with covering snipers.

(a) Construction. A pit 1.5 to 2 meters
deep, about the same length and one
meter wide is dug in the middle of a
jungle trail or at a stream crossing.
A number of long, sharp panjis (bam-
boo spikes sharpened to a needle
point) are placed upright in this pit,
with the fire-hardened points slightly
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(b)

below ground level (fig. 73). The pit
is concealed by a flimsy lid consisting
of a bamboo lattice covered with a few
bamboo creepers and camouflaged
with mud or leaves to blend with the
surrounding area. Anyone falling into
the pit is instantly impaled on the -
spikes.

Slit trench. A slit trench can be so
placed that enemy troops will be likely
to use it. Like the cover of the panji
pit, the bottom of this trench is false,
and underneath it are sharp panjis,
which will impale anyone jumping
into the trench.

Figure 73. Panji jungle trap.
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(c) Bamboo whip. A T-cm bamboo pole
is bent back across a jungle path in
such a way that when it is released,
the force of the blow will kill or dis-
able the man who tripped it. Panji
spikes can be attached as shown in
figure 74. The whip is held in posi-
tion by a bamboo creeper or by a wire
with a peg at the end of the wire, be-
tween two vertical sticks. Pressure
against a trip wire across the path
withdraws one of the vertical sticks,
allowing the heavy bamboo pole to
whip forcefully across the path. If
the trip wire is covered with leaves
and the whip concealed by branches,
the enemy is less likely to detect the
trap.

7. Snow. Snow is considered deep for purposes
of foot or vehicle movement when the average
depth above ground elevation is 1 meter. Snow
at this depth and even deeper is not unusual in
the Arctic and the northernmost regions of the
temperate zone. It is found at these depths also
in mountainous regions. Deep snow and the ac-
companying ice and intense cold combine to make
obstacles of major significance. Deep snow is an
obstacle to movement of both foot troops and ve-
hicles. It also blankets terrain features such as
boulders, rocky areas, ditches, small streams and
fallen trees so as to effectively impede movement.
The obstacle value of snow can be increased by—

(1) Erecting snow fences or breaks so that
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Figure 74. Bambo whip.

the prevailing winds will accelerate the
accumulation of snow into drifts to
form snow obstacles of packed snow.
(2) Building snow walls (fig. 75) as ob-
stacles against armor. The snow must
be packed hard for this purpose. Walls
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of this type are most effective when they
are sited on an upgrade.

k. Deserts. The obstacle value of deserts is in
the fact that specially equipped vehicles and spe-
cially trained personnel are required to operate
successfully in this environment. Minefields are
comparatively easy to install and relocate in the
desert and the prevalent winds quickly cover up
the usual signs of mine installation.

l. Built-up Areas. The natural obstacle of
built-up areas can be increased by cratering
streets, demolishing walls, overturning or derail-
ing street or railroad cars, and constructing road-
blocks from steel rails, beams, and rubble. When
combined with mines and barbed wire, such ob-
stacles are effective against vehicles and person-
nel.

1.0-1.5 meters 1.8- 3 meters

l

SR .///// 0

" 4.0-4.5meters 2 meters 4.8- 6 meters

Figure 75. Antivehicular obstacle of packed snow.

Section Il. ARTIFICIAL LAND OBSTACLES

47. Basic Considerations

a. Definition. An artificial obstacle is any man-
made object constructed to hinder movement.
Artificial obstacle include minefields, antitank
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ditches, contaminated areas, hedgehogs, road
craters, demolished bridges, and barbed wire.
They may be constructed entirely on land or par-
tially under water as in the case of beach and
river line obstacles.

b. Use. Major types of artificial obstacles are
discussed separately in subsequent chapters; how-
ever, they are normally used in conjunction with
natural obstacles and in combinations of two or
more types of artificial obstacles. When artificial
obstacles are used in barriers, and when practica-
ble, variety of such obstacles is used to promote
effectiveness and as an aid to surprise and decep-
tion. Obstacles can be divided into three groups
according to their uses. Seldom does an obstacle
fall clearly into one of these three groups. More
often than not an obstacle may be used for two or
three purposes. This arbitrary classification of
obstacles merely clarifies their primary uses.

(1) Protective. Protective obstacles are
those obstacles used to provide security.
Obstacles of this type are usually arti-
ficial and include such items as wire,
minefields, and various warning devices.
They are intended primarily to prevent
the enemy from making a surprise as-
sault from areas close to a position.

(2) Defensive. Defensive obstacles are ob-
stacles used to delay the enemy force in
areas where it can be engaged with
heavy, intense, defensive fire. They may
be either natural or artificial. A de-
fended roadblock or an obstacle in front
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of a defensive position which stops or
delays the enemy force once it is in
range of defensive weapons are ex-
amples of this type. Defensive obstacles
should be covered by appropriate fire,
kept under observation, and should be
employed in conjunction with protective
obstacles.

(3) Tactical. Tactical obstacles are obstacles
used to break up enemy attack forma-
tions and canalize the enemy force into
areas where it is blocked by defensive
obstacles or can be brought under in-
tensive defensive fires. Tactical ob-
stacles delay, harass, or demoralize the
enemy by forcing him to employ dan-
gerous or exhaustive breaching meas-
ures.

48, Principles of Employment

a. Coordination With Tactical Plan. Obstacles
should be coordinated with the tactical plan. All
obstacles should contribute to the success of this
plan, and all units cdncerned should know the
location of and understand the purpose and type
of obstacles employed. In addition all concerned
should know when the obstacles are to be ex-
ecuted, and how long they are to be defended.
Only by coordination with all elements can an
integrated plan be prepared that will use all de-
fensive measures to their best advantage against
the enemy.
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b. Covering by Observation and Fire.

(1) Observation. If accurate fire is to be
delivered on an obstacle or obstacle sys-
tem, it must be under observation. The
observation and defense of obstacles for
close-in defense is the responsibility of
the unit occupying the ground. How-
ever, when an obstacle system covers a
large area, observation is normally the
responsibility of roving patrols, an out-
post system, Army aviation, or tactical
air. Their final defense is a mission for
mobile forces that can be brought
quickly to any point of the system. At
times it is not feasible to have an ob-
stacle under direct observation. When
this is the case, warning devices or alarm
systems such as trip flares, boobytraps,
in connection with noise makers should
be used.

(2) Fire. Covering an obstacle by fire usu-
ally means the difference between caus-
ing the enemy only small delay and
annoynace and forcing him into a costly
engagement.

(a) Both antivehicular and antipersonnel
obstacles should be covered by both
antivehicular and antipersonnel fire.
Fire that covers antipersonnel ob-
stacles should not only be capable of
discouraging breaching, bypass, or
capture by personnel but should also
be capable of stopping any wvehicles
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that may be used in the assault. Also,
antivehicular obstacles must be cov-
ered by fire that will not only destroy
vehicles but will prevent troops from:
breaching the obstacles and clearing a
path for the vehicles.

(b) Obstacles are best covered by direct-
fire weapons, but when this is not
feasible, observed artillery fire and
tactical air should be used. Artillery
covering obstacles should be prepared
to deliver fire that is effective against
both personnel and vehicles. When it
is impossible to cover obstacles by fire,
they should be contaminated or
heavily boobytrapped to cause the
enemy to employ dangerous and ex-
haustive breaching measures.

c. Employment in Conjunction with Natural
and Other Artificial Obstacles. It is fundamental
that an obstacle system should usually be as dif-
ficult to bypass as it is to breach except when the
obstacle is intended to divert or deflect the enemy
rather than to delay or stop him. Artificial ob-
stacles must be sited to take full advantage of
natural and other artificial obstacles; to keep
logistic and construction requirements to a mini-
mum. Natural obstacles are improved and ex-
ploited to their fullest extent as described in para-
graph 46.

d. Employment in Depth. Obstacles do not
seriously hamper the enemy’s movement until
they overload or heavily tax his breaching capa-
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bilities. This cannot be accomplished unless ob-
stacles are employed in depth. With the exception
of contaminated areas it is usually prohibitive
in time and materials to construct a large deep
area of continuous obstacles. The same end is
accomplished by constructing successive lines of
obstacles, one behind the other, as time and con-
ditions permit. These successive lines require the
enemy force to continually deploy and regroup,
thus dissipating, canalizing, and dividing its ef-
fort until friendly forces can destroy it or force
its withdrawal.

e. Camouflage and Conceulment.

(1) Camouflage. Obstacles should be camou-
flaged or employed in such a way that
they come as a surprise to the enemy.
When the enemy has no prior knowledge
of an obstacle, he has to reduce it with-
out benefit of prior planning. If the ob-
stacle is defended the defender has the
advantage of the enemy’s first reaction,
which is usually confusion, and the
enemy may be caught without the men
and material to breach the obstacle.

(2) Siting. Proper siting is often the easiest
solution to obstacle camouflage prob-
lems. Large obstacle systems cannot be
concealed by siting alone, but when
proper advantage is taken of the terrain
and the obstacles are located in folds of
the ground, around blind curves in
roads, or just over the tops of hills, they
can be made inconspicuous from the
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enemy’s ground observation. To help
camouflage obstacles from aerial obser-
vation, regular geometric layouts of ob-
stacles and barrier systems should be
avoided and phony obstacles used to
confuse the enemy as to the exact loca-
tion and extent of the system.

(3) Concealment. The best way to conceal
an obstacle usually is to postpone its ex-
ecution or construction as long as possi-
ble, yet assuring that it can be done
properly and in time. This cannot be
done when large barrier systems are in-
volved but is possible when preparing
obstacles to block narrow avenues of
approach, such as roads or bridges. Ob-
stacles created by demolitions lend them-
selves readily to this procedure. When
their use is contemplated they should be
completely prepared for firing at the last
minute.

f. Provision for Lanes and Gaps. Whenever
obstacles are employed around a defensive posi-
tion or area, lanes or gaps through the system are
left and concealed. These lanes are provided so
that patrols, counterattacks, and friendly troops
on other missions may move through the system
without difficulty. Under normal circumstances
the lanes or gaps necessary to mount a general
offensive through the obstacle system are not
provided during construction, but prepared later
when the need for them arises. It is important
that there is a sufficient number of lanes to allow
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for alternate use and that they be concealed and
changed periodically to insure that they are not
discovered by the enemy. Prior plans must exist
to insure that all lanes or gaps can be blocked
quickly when enemy action is expected. Lanes
and gaps should be covered by fire to preclude the
possibility of the enemy rushing through them
before they can be closed.

g. Affording No Advantage to the Enemy.
Enemy forces may use certain obstacles to an ad-
vantage as they are breached or assaulted. An-
titank ditches should be so constructed as to be
useless to the enemy as fighting trenches. Log
cribs should be so located that the enemy cannot
deliver effective fire on defending weapons while
using the crib as a breastwork. Care should be
taken that obstacles are not located so that the
enemy can use hand grenades against the defen-
ders from cover or concealment provided by the
obstacles. Barbed wire, mines, and boobytraps
should be used extensively to deny use of any
cover or concealment that might be provided to
the enemy by natural or artificial obstacles. Care
should be taken to guard against the inadvertent
placing of an obstacle which might later hinder
friendly maneuver.

49. Minefields

Minefields are not only an obstacle to the ad-
vance of the enemy but unlike obstacles of a pas-
sive nature, they can also inflict significant cas-
ualties; therefore minefields are considered the
best form of artificial obstacle. The installation
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of minefields changes favorable terrain to unfav-
orable terrain and materially enhances the
strength of the defense system. Mines and mine-
fields are covered in FM 5-31, FM 20-32, and TM
9-1345-200.

50. Barbed Wire Entanglements

Obstacles constructed from barbed wire are
simple, flexible and effective against personnel.
They may also be used to impede the movement of
vehicles. Barbed wire entanglements are dis-
cussed in detail in chapter 6.

51. Antivehicular Obstacles

In defensive positions, antivehicular obstacles
are used to obstruct gaps between natural ob-
stacles or in lines of considerable length in open
terrain. These obstacles are usually employed in
conjunction with wire entanglements, minefields,
and other obstacles. Under some conditions they
may be continuous in areas just inland of beaches.
Antivehicular obstacles are discussed in detail in
chapter 7.

Section {ll. BEACH AND RIVER LINE OBSTACLES

52. Responsibility

In unilateral Army shore-to-shore amphibious
operations, Army forces are responsible for the
installation and removal of beach and underwater
obstacles. In joint friendly Army-Navy amphibi-
ous operations, Navy forces are normally respon-
sible for removal of obstacles on a hostile shore
seaward from the high water line. The under-
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water demolition teams (UDT) of the Navy have
the responsibility of removing obstacles from the
high water line to the 8-fathom (5.54 meters)
line. Beyond that point Navy minesweepers clear
boat and shipping lanes. The responsibility for
installation of beach and underwater obstacles in
friendly territory is assigned by the commander
of the forces involved.

53. Ocean Beach Defenses

An assault across an ocean normally involves a
ship-to-shore assault in which the enemy requires
adequate anchorages for assault shipping and
shore for beaching large landing craft. Where
the overwater distance is short, however, or
where the enemy can develop a nearby base in
neutral or unoccupied territory, shore-to-shore
operations are practicable, using smaller craft
able to land troops and vehicles at almost any
point. Against either of these types of operation,
antiboat and antipersonnel obstacles at wading
depths are desirable in most sifuations. Anti-
personnel obstacles so located, however, are not
effecfive against large landing craft if the latter
can beach at the waterline or can side-carry
floating causeways and use them to get ashore.

a. Beach Obstacles. Beach obstacles are de-
signed to force landing craft to unload at low tide
several hundred yards seaward of the high-water
mark. Thus, on beaches with gradual slopes as-
saulting infantry must cross a wide expanse of
obstacle-studded beach covered by heavy defen-
sive fire before reaching the high water mark. At
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high tide, beach and underwater obstacles should
be covered by just enough water so that they
cannot be seen by personnel in landing craft.
When landing craft strike the obstacles they are
disabled and the assaulting troops are forced to
disembark in deep water.

b. Antiboat Obstacles. Antiboat obstacles are
constructed at varying heights so they are about
30 to 60 cm below the surface of the water at high
tide, echeloned in depth in various arrangements
of which those shown in figure 76 are typical.

54. River Line Defenses

All possible means of crossing are studied, in-
cluding assault boats, footbridges, fixed and float-
ing vehicular bridges, and the use or rehabilita-
tion of existing bridges. In addition to antiboat
and antipersonnel obstacles, the defender con-

B\ PARBED WIRE  4\riBoaT OBSTACLES

Figure 76. Antiboat obstacles in beach defense.
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siders the use of obstacles to hamper the enemy’s
bridging activities and his installation of booms
and other protective devices to protect bridges.

55. Effective Obstacles

a. Siting. The basic requirements for artificial
obstacles and their employment apply equally to
beach and river-line obstacles. Of particular im-
portance are the requirements that artificial ob-
stacles be used to exploit natural obstacles, that
they be inconspicuous, be kept under surveillance,
and be capable of being covered by fire. Gaps
and lanes are provided and are marked or refer-
enced for the use of friendly troops. The type of
antiboat obstacles selected for use should be a
type which will be effective against the type of
boats which can operate in the surf, current, and
various wind conditions to be expected. They are
sited for maximum obstacle effect at the tide
stage at which an assault is probable and for
maximum effectiveness against amphibious
tracked and wheeled vehicles.

b. Beach Slopes. Due to tide and current ac-
tion, beaches and river lines tend to fall into two
general types—those with steep slopes into deep
water, and those with gradually sloping bottoms
for a considerable distance offshore. Each type
has advantages and disadvantages for the de-
fense. The steep slope prevents debarkation until
boats reach the beach, but it renders placing
underwater obstacles more difficult. The gentle
slope facilities placing obstacles but it also allows
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the attacking troops to disembark while still

afloat.

(1)

(2)
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Steep. For beaches with steeply slop-
ing bottoms, provision should be made
for stopping landing craft offshore in
deep water. The obstacles may include
mines of various types anchored just be-
low the waterline, floating log booms
anchored or tied to shore, which may
have mines attached, and heavy chains of
wire rope stretched between pile dol-
phins. Preferably such obstacles should
be submerged so as to be out of sight
but tide variations may make this im-
practicable. In such cases a compro-
mise must be made between minimum
visibility and maximum practicable ef-
fectiveness. Where possible, provision
is made for adjusting the height of log
booms and the like, to conform with
water level fluctuations.

Sloping. For beaches with gradually
sloping bottoms, the defense attempts to
prevent landing craft from reaching the
beach or from reaching, wading, or
fording depth for personnel and vehi-
cles. In addition to obstacles of the
types described above, in water of wad-
ing depth the Dbottom 1is covered
thoroughly with underwater wire en-
tanglements of all types. Underwater
wire entanglements must be anchored in
place very securely to prevent damage
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from surf or currents and so that both
enemy and friendly fire will tend to form
tangles rather than to clear lanes. In
such entanglements, channels provided
for passage of friendly small boats may
be closed rapidly by the use of anchored
concertinas or weighted spirals.

¢. Employment in Depth. Beach obstacles are
typically established in bands in depth, as fol-
lows:

172

(1)

(2)

(3)

4)

(5)

Antiboat obstacles. These are located
from wading depth at low tide to wading
depth at high tide.

Barbed wire entanglements. These are
placed from wading depth at high tide,
inshore across the width of the beach.

Antivehicular and antipersonnel ob-
stacles. These are installed beginning at
low waterline and extending inshore
across the width of the beach. Mines or
other obstacles are normally installed at
the beach exit.

Antivehicular ditches. These are dug be-
ginning at the inshore edge of the beach,
where concealment is possible.

Other obstacles. These are located in-
shore of the beach area, in the same
manner as obstacles for land defense.

AGO 17330C



PART FOUR
OBSTACLE CONSTRUCTION

CHAPTER 6
BARBED WIRE ENTANGLEMENTS

Section . MATERIALS

56. Concept

a. Purpose. Barbed wire entanglements %are
artificial obstacles designed to impede the move-
ment of foot troops and, in some cases, tracked
and wheeled vehicles. The materials used in con-
structing barbed wire entanglements are rela-
tively lightweight and inexpensive, considering
the protection they afford. Barbed wire entangle-
ments can be breached by fire but are rapidly
built, repaired, and reinforced.

b. Siting and Layout. To be effective, barbed
wire entanglements are sited and laid out to meet
the following requirements:

(1) Under friendly observation, covered by
fire, and where practicable, protection
by antipersonnel mines, flame mines,
trip flares, and warning devices.
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(2) Concealed from enemy observation as
far as practicable by incorporating ter-
rain features such as reverse slopes,
hedges, woods, paths and fence lines.

(3) Erected in irregular and nongeometrical

traces.

(4) Employed in bands or zones wherever
practicable,

(5) Coordinated with other elements of the
defense.

¢. Classification. Entanglements are classified
according to their use and their depth and
whether fixed or portable.
(1) Use. Entanglements are classified by
use as tactical, protective, or supplemen-
tary. The employment of these types in
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a

defensive area is shown schematically

in figure 77.

(a)

(b)

Tactical. Tactical wire entanglements
are sited parallel to and along the
friendly side of the final protective
line. They are used to break up enemy
attack formations and to hold the
enemy in areas covered by the most
intense defensive fire. Tactical en-
tanglements extend across the entire
front of a position but are not neces-
sarily continuous.

Protective. Protective wire entangle-
ments are located to prevent surprise
assaults from points close to the de-
fense area. As in the case of all anti-
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(e)
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personnel obstacles, they are close
enough to the defense area for day
and night observation and far enough
away to prevent the enemy from using
hand grenades effectively from points
just beyond the obstacle, normally 40
to 100 meters. Protective wire sur-
rounds the individual units of a com-
mand, usually the platoons (fig. 77).
These entanglements should be con-
nected to entanglements around other
platoons by supplementary wire to en-
close the entire defensive positions.
Protective entanglements are erected
around rear-area installations in the
same manner and to serve the same
purpose as protective wire around de-
fensive positions in forward areas.
Protective wire also includes the en-
tanglements which should be installed
over the tops of installations provided
with overhead cover (fig. 78).

Supplementary. Supplementary wire
entanglements in front of the forward
edge of the battle area are used to con-
ceal the exact line of the tactical wire.
To the rear of the FEBA, supple-

‘mentary wire is used to enclose the

entire defensive position by connect-
ing the protective wire entanglements.
Supplementary wire entanglements
used to break up the line of tactical
wire should be identical to the tactical
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Figure 77. Schematic layout of barbed wire entanglements in a defensive area.




Figure 78. Protective wire on top of overhead cover.

wire entanglements and constructed
simultaneously with them whenever
possible.
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(2) Depth. Entanglements are classified by

depth as belts, bands, or zones.

(a) Belt. A belt is an entanglement one
fence in depth.

(b) Band. A band consists of two or more
belts in depth, with no interval be-
tween them. The belts may be fences
of the same type, or the band may be
composed of two or more fences of
different types.

(¢) Zone. A zone consists of two or more
bands or belts in depth, with intervals
between them.

(3) Equivalent effectiveness. Entanglement

depths are also described or specified in
terms of comparative effectiveness. Tac-
tical wire entanglements should be
equivalent in effectiveness to three belts
of 4- and 2-pace double apron fence
whenever possible. Protective wire may
employ any type of entanglement pro-
vided its effectiveness is at least the
equivalent of that of the 4- and 2-pace
double apron fence. Supplementary wire
should have an effectiveness equivalent
to that of the type of wire it supple-
ments. It should be equivalent to tac-
tical wire or equivalent to the type of
protective wire being used if it connects
the outer perimeters of protective wire
at the flanks and rear.
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(4) Portability.

(a) Fixed entanglements are those types
which must be erected in place and
which cannot be moved unless com-
pletely disassembled.

(b) Portable entanglements are those
types which can be moved without
complete disassembly. Portable en-
tanglements have been developed for
one of the following reasons:

To permit assembly in rear areas,
with ease of transportation and rapid
installation in forward positions.

For the temporary closing of gaps or
lanes which can be reopened quickly
for patrols or counterattacking forces.

d. Lanes and Gaps. Lanes and gaps are pro-
vided for the passage of patrols, working parties,
and attacking or counterattacking forces. When
not in use they are kept closed by the use of por-
table obstacles covered by fire. In barbed wire
zones, lanes and gaps are staggered on a zigzag
pattern.

e. Uses.

(1) Outpost area. The combat outposts
should be surrounded with wire entan-
glements. These entanglements should
be carefully sited to serve as both pro-
tective and tactical wire and must be
covered by small arms fire. The wire
obstacle should be supplemented by anti-
personnel mines, warning devices, and
boobytraps.
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(2) Battle position. In the battle area, each
company defense position is normally
surrounded by a wire entanglement
which is connected laterally across the
front to the entanglements surrounding
the other units in the position.

(3) Artillery and reserve area. Wire entan-
glements are used in the outer protection
of howitzer positions. Heavier weapons,
and shelters or other installations in the
reserve area, are similarly protected if
justified by the situation.

(4) Antipersonnel obstacles. Barbed wire
entanglements, trip flares, noise makers,
and antipersonnel mines are sited to
warn against enemy patrol action or in-
filtration at night; to prevent the enemy
from delivering a surprise attack from
positions close to the defenders; and to
hold, fix or delay the enemy in the most
effective killing ground. Such obstacles
should be near enough to defensive posi-
tions for adequate surveillance by the
defenders by night and day and far
enough away to prevent the enemy from
using hand grenades against the de-
fender from points just beyond the
obstacles.

f. As Roadblocks. A series of barbed wire
concertinas as shown in figure 79 will stop
wheeled vehicles. A series of these blocks placed
about 10 meters apart should be used. The ends
of adjacent coils are wired together and the ob-
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stacle lightly anchored at the sides of the road.
The block should be sited to achieve surprise.

g. To Strengthen Natural Obstacles. Deep
rivers, canals, swamps, and cliffs which form ef-
fective delaying obstacles to infantry, and thick
hedgerows, fences, and woods, which are only
partial obstacles, can be improved by lacing with
barbed wire, by the addition of parts of standard
fences on one or both sides, or by entangling with
loose wire.

57. Standard Barbed Wire

a. Description. Standard barbed wire is 2-
strand twisted No. 12 steel wire with 4-point
bars at 10 cm spacing (fig. 80).

b. Handling. In handling barbed wire, the
standard barbed wire gauntlets shown in figure
80 or heavy leather gloves are worn. They permit
faster work and avoid cuts and scratches. As an
added safety precaution, the wire should be
grasped with the palm down.

¢. Issue. Barbed wire is issued in reels (fig.
81) containing about 400 meters of wire. The
wire weighs 47.5 kgs and the reel 2.7 kgs. In
building a fence, two men carry one reel.

d. Bobbins. Bobbins (fig. 82) holding about
30 meters of wire are prepared, normally in rear
areas, for use in building short lengths of fence
and in repairing entanglements. In use, two
men handle one bobbin. One unwinds the bobbin
while the other installs the wire. Two or more
men may make the bobbins as follows:

(1) The bobbin sticks are prepared.
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Figure 79.

Concertina roadblock.
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(2) The reel is rigged on an improvised
trestle or other support.

(3) One man unrolls and cuts 30-meter
lengths of wire, fastening one end of
each to the trestle.

(4) The wire is wound in figure-of-eight
shape on the bobbin sticks.

(5) A piece of white tracing tape should be
tied to the loose end of the wire to facil-
itate finding it.

58. Pickets

Wire entanglements are supported on metal or
wood pickets.

a. Metal Pickets. Metal pickets are issued in
two types, screw, U-shaped. There are standard
lengths, short or anchor, medium and long (fig.
83). The U-shaped picket also comes in an extra

Figure 80. Standard barb wire.
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Figure 81. Barbed wire reel.

long length. Pickets that are serviceable are re-
covered and used again.
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(1) Screw picket. The screw picket is

screwed into the ground by turning it in
a clockwise direction using a driftpin or
another picket inserted in the bottom
eye of the picket for leverage. The bot-
tom eye is used in order to avoid twist-
ing the picket. Screw pickets are in-
stalled so that the eye is to the right of
the picket, as seen from the friendly
side, so standard ties can be easily made.
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|

2.5cm ROUND OR SQUARE

I-—S_O to 35¢em
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(D METHOD OF MAKING BOBBIN

FREE END MARKED WITH WHITE TAPE
(@ COMPLETED BOBBIN

Figure 82, Barbed wire bobbin.

Screw pickets tend to be less rigid than
other types but are desirable because
they can be installed rapidly and
silently. When silence is necessary, the
driftpin used in installing the pickets
should be wrapped with cloth.

(2) U-shaped picket. The U-shaped picket
is a cold-formed steel picket of U-shaped
cross section, pointed at one end for
driving. It is notched for wire ties and
the pointed end has a punched hole for
wires used in bundling the pickets. U-
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(3)

shaped pickets are driven with a sledge
hammer or maul, using a special attach-
ment on top of the picket, to prevent a
sledge from deforming it and to avoid
splitting the head of a maul. Driving
the pickets is noisy and slower than in-
stalling screw pickets; however, noise
may be cut down somewhat by placing a
piece of rubber tire over the driving
face of the maul or sledge. The pickets
are rigid and sturdy when properly in-
stalled and are preferable to screw pick-
ets in situations where noise is not a
disadvantage and time is available. The
pickets are driven with the hollow sur-
face or concave side facing enemy fire
because small arms projecticles ricochet
from the convex side.

Arctic adapter. For erecting barbed
wire obstacles with U-shaped drive pick-
ets under conditions where frozen
ground prevents driving the pickets, an
Arctic adapter is available for anchoring
the pickets. The adapter is made of steel
and consists of a base plate equipped
with an adjustable channel receptacle
and two anchor pins. It is anchored
by driving the anchor pins through holes
in the base plate into the ground. One
anchor pin drive sleeve with driving
pin is provided with each 20 adapters
to facilitate anchor pin emplacement.
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Figure 83. Pickets for use with barbed wire.

b. Wooden Picket. Expedient wooden pickets
of several types may be used.

(1)
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Round poles 10 ecm in diameter are cut
to standard picket lengths, sharpened on
one end, and driven with a maul. The
pickets are used without peeling the
bark to prevent the wire from sliding on
the picket and to simplify camouflage.
Longer pickets are required in loose or
sandy soil or when driving through a
snow cover. The driving of wooden
pickets is not as noisy as the driving of
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steel pickets, and the noise can be re-
duced further by fastening a section of
tire tread over the face of the hammer
or maul. For driving in hard earth,
picket tops are wrapped with wire to
avoid splitting. Pickets of hardwood,
properly installed, are sturdy and rigid.

(2) Dimension lumber ripped to a square
cross section may be used instead of
round poles. This is equally satisfactory
except that it is more difficult to camou-
flage. Such pickets may be dipped in
camouflage paint prior to driving.

(3) Standing trees and stumps may be used
as pickets when their location permits.

¢. Reference. Table X lists information per-
taining to materials used in the construction of
barbed wire entanglements.

59. Standard Barbed Wire Concertina

a. Description. The standard barbed wire con-
certina (fig. 84) is a commercially manufactured
barbed wire obstacle made of a roll of single-
strand, high-strength, spring-steel wire with 4-
point barbs attached at 5 c¢m spacing. Wires
forming the coils are clipped together at intervals
so that the concertina opens to a cylindrical shape
15 meters long and 90 centimeters in diameter.
The concertina is easily opened and collapsed and
can be used repeatedly because the wire returns
to its original shape after a crushing force is ap-
plied and then removed. The wire is much harder
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Table X. Wire Entanglement Materials

Approx Approx No. car- Approx welght
Materlal weight, length, ried by of man-load
kg © m one man kg

Reel 415 400 % 24
Bobbin 3.5-4.0 30 - 4-6 14.5-24.5
Standard barbed-wire concertina —___________ 25.4 15.2 1 25
Expedient barbed-wire concertina —__________ 13.5 6.1 1 13.5
Screw pickets:

Long 4 1.6 4 16.3

Medium 2.7 0.81 6 16.3

Short 18 0.563 8 14.5
U-shaped pickets:

Extra long 7.25 2.4 34 21.8-29.0

Long 4.5 15 4 18.1

Medium 2.7 0.81 6 16.3

Short __ 1.8 0.61 8 14.5
Wooden pickets:

Extra long 7.7-10.56 2.13 2 15.4-20.8

Long b.4-1.25 1.5 3 16.3-21.7

Short 1.4-2.7 0.75 8 11.0-21.7




to cut than standard barbed wire. The concertina
weighs 25.4 kgs.

b. Handling.
(1) To open concertina. The collapsed con-
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(2)

certina is tied with plain wire bindings
attached to the quarter points of a coil
at one end of the concertina. In opening
the concertina, these bindings are re-
moved and twisted around the carrying
handle for use in retying the concertina
when it is again collapsed. Four men
open a concertina and extend it to the
15-meter length, with one man working
at each end and others spaced along its
length to insure that it opens and ex-
tends evenly. When necessary, two men
can easily open a concertina by bouncing
it on the ground to prevent snagging as
they open it.

To collapse concertina. Two men can col-
lapse a concertina in the following man-
ner: First all kinks in coils are removed.
Loose clips are tightened or replaced
with plain wire. To close the concertina,
one man stands at each end of it and
places a foot at the bottom of the coil
and an arm under the top of the coil.
The two men walk toward each other
closing the concertina by feeding the
wire over their arms and against their
feet. When closed, the concertina is
laid flat and compressed with the feet.
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The concertina is tied with plain wire
bindings.

(3) To carry concertina. One man easily
carries the collapsed concertina by step-
ping into it and picking it up by the wire
handles attached to the midpoints of an
end coil.

¢. Staples. Improvised staples approximately
45 c¢cm long and made of 14-inch drift pins or

DETAILS OF BARB
AND CLIP

EXTENDED LENGTH
15m

%%

CLOSED THICKNESS
15¢m .
DIAMETER CLOSED3

DIAMETER OPEN
90cm

Figure 84. Standard barbed wire concertina.
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similar material are used to fasten the bottoms
of concertina fences securely to the ground.

60. Rapidly Emplaced Antipersonnel Obstacle

This item which is under development is a
means of rapidly achieving protection normally
associated with barbed wire entanglements. The
principal component, barbed steel tape is en-
closed in a canister weighing about 9.1 kgs. It is
easily portable by combat troops. The tape is
expelled in spiral form from the canister by a
timer or by a lanyard or trip wire. The canisters
can be placed around each defensive position be-
fore emplacements are prepared. The canisters
need not be activated immediately or at all unless
necessary. Once activated, they cannot be moved.
Following some modifications, it is anticipated
that this item will be service tested prior to adop-
tion for issue to troops.

Section Il. CONSTRUCTION PROCEDURES

61. Organization of Work

Table XI gives the materials and man-hours re-
quired for entanglements of the various types.
The normal sizes of work crews are given in the
descriptions of the entanglements. For each con-
struction project, the senior noncommissioned of-
ficer divides his crew into groups of approximately
equal size, based on his knowledge of the skill and
speed of each man. He organizes them in such
a way that construction proceeds in proper order
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and at a uniform rate. Each individual must
know exactly what his group is to do and his job
in the group. Each man should have barbed wire
gauntlets. The sequence of operations for each
fence is given in the paragraph describing the
erection of the fence. The sequence that is out-
lined should be followed, and as experience is
gained, the size and composition of the groups
may be varied. For each section of entanglement,
all fence-building operations normally proceed
from right to left, as one faces the enemy. It may,
however, be necessary to work from left to right,
and men should, if time permits, be taught to work
in either direction. The senior commissioned or
noncommissioned officer will decide, in the event
of heavy casualties, what wires, if any, are to be
omitted.

a. Construction at Night. For night construc-
tion the following additional preparations are
made:

(1) Tracing tape should be laid from the
materials dump to the site of work and
then along the line of fence where pos-
sible.

(2) Materials should be tied together in man
loads and pickets bundled tightly to pre-
vent rattling. _

(3) Wire fastenings of wire coils and pick-
ets should be removed and replaced with
string which can easily be broken.

(4) A piece of tape should be tied to the ends
of the wire on each reel or bobbin.
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b. Supervision. Proper supervision of entangle-
ment construction includes the following:

(1)
(2)
(3)
(4)
(5)

Proper organization of the work into
tasks.

Making sure the tasks are carried out in
the proper sequence,

Prevention of bunching and overcrowd-
ing of personnel.

Making sure the wires are tightened
properly and spaced correctly.
Checking ties to see that they are being
made correctly and at the right points.

c. Construction in Combat Areas. When work-
ing in close proximity to the enemy, the necessary
precautions include:

(1)

(2)
(3)

(4)
(5)

(6)

Provision of security around the work
party.

Silence.

No working on enemy side of fence un-
less absolutely necessary.

Use of screw pickets, if available.

Men not working should lie down near
start of work until they can continue
their work.

Individual weapons must be kept nearby
at all times.

d. Wire Ties. Wires are tied to pickets by men
working from the friendly side of the wire and
picket, stretching the wire with the right hand as
the tie is started. The four ties used in erecting
wire entanglements are shown in figure 85.

(1)
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Top-eye tie. The top-eye tie is used to
fasten wire to the top eye of screw pick-
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wire, no. perlinm| to erect
Type of entanglement Extra Me- of 400 m, No. of Staples of 800 m of
long Long § dium Short 47.6-kg concer- entangle-| entangle-
reels ! tinas ¢ ment 3 ment 3
Double-apron, 4- and
2-pace . _____.] . 100 —_— 200 14-15 — - 49 59
Double-apron, 6- and
3-pace ————________] - 66 - 132 13-14 _— - 3.5 49
High wire (less guy '
wires) o _______] - 198 - — 17-19 _— - 5.9 79
Low wire, 4- and
2-pace ——________] - -— 100 200 11 _— _— 3.7 49
4-strand fence ______ 4 - 100 - 2 5-6 _ - 1.9 20
Double expedient
concertina ________| _— 101 _— 4 3 100 295 6.9 40
Triple expedient
concertina ________| 51 101 - 71 4 148 295 104 99
Triple standard
concertina ________ 4 - 160 - 4 - 3 59 317 7.9 30

! Lower number of reels applies when screw pickets are used; high number when

difference between the two to the higher number when wood pickets are used.

? Average weight when any issue metal pickets are used.
? With the exception of the triple-standard concertinas, man-hours are based on the use of screw pickets. When
With experienced troops, reduce man-hours by one-third., In-

driven pickets are used, add 20 percent to man-hours.

crease man-hours by 50 percent for night work.
“ Based on concertinas being made up in rear areas and ready for issue.

length, as compared with 16 meters for a standard concertina;

small quantities of No. 16 smooth wire for ties.

U.shaped pickets are used. Add

One expedient concertina opens to 6-meter
it requires 92 meters of standard barbed wire, also
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ets. It is made in one continuous move-
ment of the left hand (fig. 86) while
the right hand exerts a pull on the fixed
end of the wire. This is a secure tie, is
quickly made, and uses only a short piece
of wire.

(2) Intermediate-eye tie. This tie is used to

fasten wire to eyes other than the top
eye, in screw pickets. It is made as shown
in figure 87. This tie and the other ties
described below require more time to
make than the top-eye tie and each uses
several em of wire. In making the inter-
mediate-eye tie shown in figure 87, the
following points are especially impor-
tant:

(a) The right hand reaches over the fixed
wire and around the picket, with the
palm down. The left hand holds the
fixed end for tension.

(b) The loops are removed from the free
end and wrapped around the picket.

(¢) One side of the loop should pass above
the eye and the other side below the
eye.

(3) Post tie. Wire is fastened to wooden

pickets or to the steel U-shaped picket
with the post tie shown in figure 88. The
wire should be wrapped tightly around
the post to keep the barbs from sliding
down. With the U-shaped picket, the
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wire wrapping is engaged in a notch in
the picket. The method is essentially the
same as that of the intermediate-eye tie.

(4) Aprom tie. The apron tie is used when-
ever two wires that cross must be tied
together. It is made as shown in figure
89. It is the same as the post tie except
that a wire is substituted for the post.

e. Method of Installing Wires.

(1) The end of the wire is attached to the
first anchor picket. This is the picket at
the right end of a séction of entangle-
ment, from the friendly side. Fences are
built from right to left as this makes it
easier for a right-handed man to make
the ties while remaining faced toward
the enemy.

(2) A bar is inserted in the reel and the reel
is carried for 23 to 27 meters allowing
the wire to unreel from the bottom. This
is done on the friendly side of the row of
pickets to which the wire is to be tied.

(3) Slack is put in the wire by moving back
toward the starting point; the ties are
then made by two men leapfrogging each
other. If available, two men can be as-
signed to make the ties as the reel is un-
wound.

f. Tightening Wire. After a wire is installed
it can be tightened, if necessary, by racking with
a driftpin or short stick (fig. 90). Wires should
not be racked at ties or where they intersect other
wires because this makes salvage of the wire very
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TOP-EYE TIE INTERMEDIATE-EYE TIE

APRON TIE POST TIE

Figure 85. Ties for erecting entanglements as seen from
friendly side.

difficult. Fences are similarly racked to tighten
them when they sag after having been installed
for some time. Wires should be just taut enough
to prevent them from being easily depressed by
boards, mats, or similar objects thrown across
them. If wires are stretched too tightly they are
more easily cut by fragments.
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MOVE FREE END
UP OVER TOP OF
PICKET

PULL TIGHT
WITH THIS HAND

(D BRING WIRE UP INTO EYE/ FIXED

® THREAD EYE

FIXED
END

WRAP FREE END
AROUND BACK OF EYE

FREE
END

@ CONTINUE OVER
FIXED END AND
BELOW EYE

® JERK FREE END UP
INTO EYE THUS
COMPLETING TIE

Figure 86. Top-eye tie.
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(OWITH PALM DOWN REACH
AROUND PICKET OVER FIXED
END AND TAKE LOOP FROM
FREE END

@ PULL LOOP BACK AROUND
PICKET

[3)BRING LOOP FORWARD AND
DOWN OVER FIXED END

END OF LOOP GOES BEHIND EYE,
THUS LOOP SPLITS EYES

(@ CONTINUE LOOP DOWN
(AND ACROSS TO FREE END)

® BRING LOOP UP OVER
FREE END

Figure 87.

AT‘%*—- 8

(® WIND LOOP AROUND FREE
END AT LEAST TWO TURNS
TO COMPLETE FASTENING

A= FREE END B8:FIXED END

Intermediate-eye tie.



FREE END i FIXED END FREE END FIXED END

(D WITH PALM DOWN REACH
AROUND PICKET OR POST (2 WRAP LOOP AROUND POST
OVER FIXED END AND TAKE ABOVE FIXED END
LOOP FROM FREE END

FIXED END

® WRAP LOOP AROUND FREE
END AT LEAST TWO TURNS
TO COMPLETE TIE

Figure 88. Post tie.

62. Four-Strand Cattle Fence

a. Description. The four-strand center section
of a double apron fence can be installed rapidly to
obtain some obstacle effect, and aprons can be
added later to develop it into a double apron fence.
In country where wire fences are used by farmers,
obstacles in the form of four-strand cattle fences
(fig. 91) will blend with the landscape. Their de-
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DIAGONAL WIRE
~+—FIXED END

DIAGONAL WIRE
FIXED END

DRAW A LARGE\ )
LOOP FROM THE

FREE END BACK
DIAGONAL WIRE | ,UhFR THE WIRE

BRING LOOP UP AND OVER
THE TOP OF THE
DIAGONAL WIRE

FIXED END

FPEE END

DIAGONAL WIRE
FIXED END

DIAGONAL WIRE :é

FREE END

FIXED END

WIND LOOP AROUND
FREE END AT LEAST
TWO COMPLETE TURNS

Figure 89. Apron tie.
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Figure 90. Tightening wire by racking.

sign should follow as closely as possible the local
custom, usually wooden pickets at about 2- to 4-
pace intervals with four horizontal strands of
barbed wire fixed to them. They should be sited
along footpaths and edges of fields or crops, where
they will not look out of place. If conditions per-
mit, this fence may be improved by installing guy
wires in the same manner as the diagonal wires
of the double apron fence. All longitudinal wires
of this fence must start and end at an anchor
picket.

b. Construction. Eight men may be employed
on short sections of this fence and up to 16 men
on 300 meter sections. The two operations are
laying out and installing pickets and installing
wire.

AGO 7330C 203



(1) First operation. The working party is
divided into two groups of approximately
equal size. The first group carries and
lays out long pickets at 3 meter intervals
along the centerline of the fence, begin-
ning and ending the section with an
anchor picket and including anchor pick-
ets for guys if needed. The second
group installs the pickets.

(2) Second operation. As the first task is
completed, men move individually to the
head of the fence and are organized into
teams of two or four men to install wires.
For four-man teams, two men carry the
reel and two men make ties and pull the
wire tight. For two-man teams, the
wire must first be unrolled for 50 to 100
meters, then the men come back to the
head of the work and make the ties, or
the wire may first be made up into bob-
bins to be carried and unwound by one
man while the other man makes the ties.
The first team installs the bottom fence
wire, and drawing it tight and close to
the ground. Succeeding teams install the
next wires in order.

63. Double-Apron Fence

a. Types. There are two types of double apron
fence, the 4- and 2-pace fence and the 6- and 3-
pace fence. The 4- and 2-pace fence (fig. 92) is
the better obstacle of the two and is the type more
commonly used. In this fence the center pickets
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Figure 91. Four-strand cattle fence.

are 4 paces apart and the anchor pickets are 2
paces from the line of the center pickets and op-
posite the midpoint of the space between center
pickets. The 6- and 3-pace fence follows the same
pattern with pickets at 6- and 3-pace intervals.
For this fence less material and construction time
are required, but the obstacle effect is substanti-
ally reduced becanse with the longer wire spans
it is easier to raise the lower wires and crawl
over or under them. Except for picket spacing
the 4- and 2-pace and the 6- and 3-pace fences are
ijdentical. Only the 4- and 2-pace fence is dis-
cussed in detail.

b. Construction. A 300-meter section of either
type of double-apron fence is a platoon task nor-
mally requiring 1% hours, assuming 36 produc-
tive men per platoon. There are two operations in
building a double apron fence: laying out and in-
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stalling pickets and installing wire. The first op- |
eration is nearly completed prior to starting the
second. The second operation is started as men
become available and the first operation has moved
far enough ahead to avoid congestion. A platoon
is normally assigned to build a 300-meter section.

206

(1)

(2)

First operation. The working party, if
not organized in three squads, is divided
into three groups of approximately equal
size. One squad lays out the long pickets
along the centerline of the fence at 4-
pace intervals, at the spot where they
are to be installed and with their points
toward the enemy. Another squad lays
out the anchor pickets, with points to-
ward the enemy and positioned 2 paces
each way from the centerline and mid-
way between the long pickets (fig. 93).
The spacing is readily checked with a
long picket. The third squad installs all
the pickets, with the help of the two
other squads as the latter finish the work
of laying out the pickets. When in-
stalled, the lower notch or bottom eye of
the long pickets should be approximately
10 cm off the ground to make passage
difficult either over or under the bottom
wires.

Second operation. As the groups com-
plete the first operation, they return to
the head of the fence and begin installing
wire. The order in which the wires are
installed is shown in figure 92 and is
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further illustrated in figure 94. Care
must be taken to avoid having any of
the men cut off between the fence and
the enemy. The men are divided into
two or four-man groups and proceed to
install the wires in numerical order ; that
is, as soon as the men installing one wire
have moved away from the beginning of
the fence and are out of the way, the
next wire is started. Installation is as
follows:

() The No. 1 wire is the diagonal wire on

the enemy side and is secured with a
top-eye tie to all pickets. It is impor-
tant to keep this wire as tight as pos-
sible.

(b) The No. 2 wire is the trip wire on the

enemy side of the fence and is secured
to both diagonals just above the an-
chor picket with the apron tie. This
wire must be tight enough and close
enough to the ground to make passage
over or under the wire difficult.

(¢) The No. 3 wire is an apron wire on

AGO 7330C

the enemy side of the fence. It is se-
cured to the first diagonal wire, and
thereafter to each alternate diagonal,
and then to the last diagonal wire. The
No. 4 wire is also an apron wire on
the enemy side of the fence. It is se-
cured to the first diagonal wire (No.
1), thereafter to the Diagonal wires
which are not tied to the No. 3 wire
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Figure 92. Double apron fence.
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Figure 93. Laying out anchor pickets.

(d)

(e)

AGO 78380C

and then to the last diagonal wire.
Apron wires Nos. 3 and 4 are equally
spaced along the diagonal wire.

The No. 5 wire is the first one which
is not started from the end anchor
picket. It is started at the first long
picket, and ended at the last long
picket. It is secured with the inter-
mediate-eye tie and is stretched tightly
to prevent passage over or under it.
Wires Nos. 6, 7, and 8 complete the
center portion of the fence and are se-
cured to the long pickets, Nos. 6 and 7
with the intermediate-eye tie. They
also start at the first and end at the
last long picket. No. 8 is secured with
the top-eye tie. These wires (Nos. 6,
7 and 8) form the backbone of the
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fence.

Figure 94.
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fence and are drawn up as tightly as
possible to hold the pickets in position.

(f) No. 9 is the diagonal apron wire on
the friendly side of the fence and is
secured with the top-eye tie to all
pickets. Nos. 10 and 11 are apron
wires and No. 12 is the trip wire on
the friendly side of the fence. Wire
No. 12 is installed in the same manner
as wire No. 2 ((b) above).

(g) If the fence is not satisfactorily tight
when installed, wires are tightened by
racking as described in paragraph
61f.

64, Standard Concertina Fences

As an obstacle, in most situations the triple
standard concertina fence is better than the dou-
ble apron fence. The material for it weighs about
50 percent more but it is erected with about 1%
the man-hours. Every concertina fence is secured
firmly to the ground by driving staples at inter-
vals of not more than 2 meters. The staples are
used on the single concertina fence and on the
front concertina of the double and triple types.
The two types of fence are as follows:

a. Single Concertina. This is one line of con-
certinas. It is erected quickly and easily but is
not an effective obstacle in itself. It is used as an
emergency entanglement or for the temporary
closing of gaps between other obstacles. It is for
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such purposes that one roll of concertina may be
habitually carried on the front of each vehicle in
engineer combat units.

b. Double Concertina. This consists of a double
line of concertinas with no interval between lines.
The two lines are installed with staggered joints.
As an obstacle, the double concertina is less effec-
tive than a well-emplaced, double apron fence. It
is used in some situations to supplement other ob-
stacles in a band or zone.

65. Triple Standard Concertina Fence

a. Description. This consists of two lines of
concertinas serving as a base, with a third line
resting on top, as shown in figure 95. All lines
are installed with staggered joints. Each line is
completed before the next is started so that a
partially completed concertina entanglement pre-
sents some obstruction. It is erected quickly and
is difficult to ecross, cut, or crawl through.

b. Detail. A 300-meter section of this fence is
a platoon task normally requiring less than 1 hour.
There are two operations, carrying and laying
out pickets and concertina rolls and installing
pickets and opening and installing concertinas.

¢. First Operation. For the first operation, the
working party is divided into three groups of ap-
proximately equal size: one to lay out all pickets,
one to install all pickets, and one to lay out all
concertina rolls.

(1) The first group lays out front-row long
pickets at 5 pace intervals on the line of
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the fence (fig. 96) with points of pickets
on line and pointing toward the enemy.
The rear row long pickets are then laid
out on a line 90 e¢m to the rear and op-
posite the center of interval between the
front row long pickets. An anchor picket
is laid out at each end of each line, 1.5
meters from the end long picket.

(2) The second group installs pickets begin-
ning with the front row (fig. 97). As in
other fences, eyes of screw pickets are to
the right. Concave faces of U-shaped
pickets are toward the enemy.

(3) The third group lays out concertinas
along the rows of pickets (fig. 98). In

TAUT HORIZONTAL SUPPORT
WIRE RACKED TO UPPER

CONCERTINA HALFWA

BETWEEN PICKETS

TAUT HORIZONTAL
SUPPORT WIRE

SECTION ENEMY

F' 90cm~|

5 PACES 5 pacEs O PACES 5 paces
f—— 3.8m —st 3.8m — 3.8m —= i
¥
Im v 4
: »ANCHOR
le—5 PACES —=}~— 5 PACES-—et~——] PICKETS
38m 3.8m 2 PACES

PLAN SHOWING SPACING OF PICKETS
Figure 95. Triple standard concertina fence.
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Figure 96. Laying out long pickets for triple concertina
fence.

the front row, one roll is placed at the
third picket and one at every fourth
picket thereafter. Sixteen staples ac-
company each front-row concertina. In
the second row, two rolls are placed at
the third picket and two at every fourth
picket thereafter. As each roll is placed
in position, its binding wires are un-
fastened but are left attached to the hoop
at one end of the roll.

d. Second Operation. As they complete the first
operation, all men are organized in four-man
parties (fig. 99) to open and install concertinas,
beginning at the head of the fence. The sequence,
shown in general in figure 99 is as follows:

(1) Open the front-row concertinas in front
of the double line of pickets and the
other two in its rear.
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Figure 97. Installing front row pickets for triple
concertina fence.

Figure 98. Laying out concertina.
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(2)

(3)

(4)

(5)

(6)

(7

Lift each front-row concertina in turn
and drop it over the long pickets, then

join concertina ends as shown in figure
100.

Fasten the bottom of the concertina to
the ground by driving a staple over each
pair of end hoops, and one over the bot-
tom of a coil at each long picket, and one
at the 14 and 14 points of the 3.8-meter
picket spacing. Securing the front con-
certina to the ground is essential and
must be done before installing another
concertina in its rear unless the enemy
side of the entanglement is sure to be ac-
cessible later.

Stretch a barbed wire strand along the
top of each front row and fasten it to the
tops of the long pickets, using the top-
eye tie for screw pickets. These wires
are stretched as tightly as possible to
improve the resistance of the fence
against crushing.

Install the rear-row concertina as de-
scribed above for the front-row concer-
tina.

Install the concertina in the top row
(fig. 99), fastening the end hoops of 15-
meter sections with plain steel wire ties.
Begin this row at a point between the
ends of the front and rear of the lower
rows, thus breaking all end joints.

Rack the top concertina to the rear hori-
zontal wire at points halfway between
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the long pickets. If there is safe access

to the enemy side of the fence, similarly

rack the top concertina to the forward

horizontal wire.

66. Low Wire Entanglement

pace double apron

and 2-

a. General. This is a 4-
fence in which medium pickets replace long pick-

INSTALL FRONT ROW
AND HORIZONTAL WIRE

INSTALL BACK ROW
AND HORIZONTAL WIRE

z
[=]
14
s
=
=
=
g
[%2]
r

AND RACK TO REAR

HORIZONTAL WIRE

Installing concertina.

Figure 99.
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PLACE BOTTOM PORTION OF PLACE BOTH BOTTOM AND
FIRST CCIL OVER PICKET TOP PORTION OF SECOND

PLACE TOP PORTION OF
FIRST COIL OVER PICKET

Figure 100. Joining concertina.

ets in the fence centerline (fig. 101). This re-
sults in omission of the Nos. 6, 7, and 8 wires,
and in bringing all the apron and diagonal wires
much closer to the ground so that passage under-
neath this fence is difficult. If wire obstacles in
bands or zones are authorized, this fence may be

218 AGO 7330C



used advantageously on one or both sides of the
double apron fence. The low wire entanglement is
used where concealment is essential. In tall grass
or shallow water, this entanglement is almost in-
visible and is particularly effective as a surprise
obstacle. However, a man can pick his way
through this low wire fence without much diffi-
culty; therefore, for best results it must be em-
ployed in depth.

b. Construction. Except for the omission of the
three wires and the substitution of the medium
pickets, this fence is constructed in the same man-
ner as the double apron fence (para. 63).

67. High-Wire Entanglement

a. Description. This obstacle consists of two
parallel 4-strand fences with a third 4-strand
fence zigzagged between them to form triangular
cells. With two rows of pickets as shown in figure
102, the entanglement is classed as a belt; with
one or more additional rows of fences and tri-
angular cells it is a band. To add to the obstacle
effect, front and rear aprons may be installed and
spirals of loose wire may be placed in the triangu-
lar cells.

b. Construction. A 300-meter section of high-
wire entanglement with two rows of pickets, as
shown in figure 102, is a platoon task normally re-
quiring about two hours, assuming 38 men per
platoon. The two operations are: laying out and
installing pickets, and installing wire.

(1) First operation. For this operation the
working party is divided into two
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Figure 101. Low wire fence.

groups, assigning two-thirds of the men
to the first group and one-third to the
second. The first group carries and lays
out pickets, front row first and at 3-
meter intervals. Second-row pickets are
laid out in a line 8 meters to the rear of
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1.

the front row and spaced midway be-
tween them. The group also lays out an
anchor picket in line with each end of
each 4-strand fence, 3 meters from the
nearest long picket. If guys are needed,
anchor pickets are also laid out in lines
2 paces from the lines of the front and
rear fences, opposite and midpoint of
spaces between the long pickets. The sec-
ond group installs front-row pickets, re-
turns to the head of the fence and in-
stalls the rear row and then installs the
anchor pickets. When the first group
finishes laying out pickets they begin in-
stalling wire and help finish installing
the pickets.

(2) Second operation. As the first task is
completed, men move individually to the
head of the fence and are organized into
teams of two or four men to install wires
in the same.manner as for the 4-strand
fence. The order of installation is as
shown in figure 102, except that if front
guys are used they are installed before
the No. 1 wire; rear guys after the No.
12 wire. The lengthwise wires of each
4-strand fence begin and end at an an-
chor picket.

68. Trestle Apron Fence

The trestle apron fence (fig. 103) has inclined
crosspieces spaced at 4.8- to 6-meter intervals to
carry longitudinal wires on the enemy side. The
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rear ends of the crosspieces are carried on tri-
angular timber frames which are kept from
spreading by tension wires on the friendly side.
The crosspieces may be laid flat on the ground for
tying the longitudinal wires in place and then
raised into position on the triangular frames. The
frames are tied securely in place and held by the
tension wires. The fence should be sited in such
a way that it can be guyed longitudinally to nat-
ural anchorages and racked tight.

69. Lapland Fence

Figure 104 shows the Lapland fence which can
be used equally well on frozen or rocky ground
and on bogs or marshland. This fence is wired
with six strands of barbed wire on the enemy
side, four strands on the friendly side, and four
strands on the base. In snow, the tripods can be
lifted out of the snow with poles or other means
to reset the obstacle on top of newly fallen snow.
On soft ground, the base setting of tripods and

T

ENEMY +

%

END VIEW SIDE VIEW PLAN VIEW

Figure 108. Trestle apron fence.
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the base wires give enough bearing surface to
prevent the obstacle from sinking.

70. Portable Barbed Wire Obstacles

Standard concertinas are readily moved and are
well adapted for the temporary closing of gaps or

6 STRANDS
4 STRANDS PLAIN WIRE BARBED WIRE

BARBED WIRE PLAN
QEENEMY

6 STRANDS

BARBED WIRE
-— 4 STRANDS

BARBED WIRE

4 STRANDS
PLAN OF SUPPORT SIDE ELEVATION  BARBED WIRE
PYRAMID

Figure 104. Lapland fence.
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lanes, or for adding rapidly to the obstacle effect
of fixed barriers such as the double apron fence.
Other portable barbed wire obstacles are described
below,

a. Spirals of Loose Wire. By filling open spaces
in and between wire entanglements with spirals
of loose wire, the obstacle effect is substantially
increased. Men are tripped, entangled, and tem-
porarily immobilized. Spirals for such use are
prepared as follows:

(1) Drive four 1-meter posts in the ground
to form a diamond 1 by 14 meter.

(2) Wind 75 meters of barbed wire tightly
around the frame. Start winding at bot-
tom and wind helically toward top.

(3) Remove wire from frame and tie at
quarter points for carrying or hauling
to site where it is to be opened and used.
One spiral weighs less than 9.1 kgs and
a man can carry three or more of them
by stepping inside the coils and using
wire handles of the type furnished with
the standard concertina.

(4) If spirals are needed in large quantities,
mount the diamond-shaped frame on the
winch of a truck and use the winch to
coil the wire.

b. Knife Rest. The knife rest (fig. 105) is a
portable wooden or metal frame strung with
barbed wire. It is used wherever a readily re-
movable barrier is needed; for example, at lanes
in wire obstacles or at roadblocks. With a metal

AGO 7380C 225



frame it can be used as an effective underwater
obstacle in beach defenses. Knife rests are nor-
mally constructed with 3 to 5 meters between
cross members. They should be approximately 1
meter high. The cross members must be firmly
lashed to the horizontal member with plain wire.
When placed in position, knife rests must be se-
curely fixed.

c. Trip Wires. Immediately after a defensive
position is occupied and before an attempt is made
to erect protective wire, trip wires should be
placed just outside of grenade range, usually 30
to 40 meters. These wires should stretch about 23
centimeters above the ground and be fastened to
pickets at not more than 5 meter intervals. They
should be concealed in long grass or crops or on a
natural line such as the side of a path or the edge
of a field. The trip wires should be placed in depth
in an irregular pattern.

d. Tanglefoot. Tanglefoot (fig. 106) is used
where concealment is essential. The obstacle
should be employed in a minimum depth of 10
meters. The pickets should be spaced at irregular
intervals of from 75 e¢m to 3 meters, and the
height of the barbed wire varies between 23 to 75
cm. 1t should be sited in serub, if possible, using
bushes as supports for part of the wire. In open
ground, short pickets should be used.

71. Combination Bands

As noted in paragraph 67, the high-wire en-
tanglement may be built with additional rows of
fences and triangular cells to form bands of any
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desired depth or may be made more effective by
adding front and rear aprons. Other types of
fences may be combined in bands to form ob-
stacles which are much more difficult to breach
than a single belt. Portable barbed wire obstacles
may be added as described in paragraph 70. The
construction of bands of varied types is desirable
because this makes it difficult for the enemy to
develop standard methods of passage and it per-
mits fitting the obstacles to the situation and to
the time and materials available. Six different
types of effective combination bands are shown in
figure 107. Other variations are readily developed.

Figure 105. Knife rest.
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Figure 106. Tanglefoot.
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Section 1ll. MATERIAL AND LABOR ESTIMATES

72. Basic Considerations

Barbed wire obstacles are constructed primarily
from issue materials, thus, both logistical and con-
struction estimates are involved. Table X gives
weights, lengths, and other data required for esti-
mating truck transportation and carrying party
requirements. Table XI gives the material and
labor requirements for construction of various
wire entanglements. Table XI is based on day-
light work; for night work the man-hours must
be increased 50 percent.

73. Requirements for a Defensive Position

a. Method of Estimating. Table XI gives quan-
tities and weights of material per linear meter of
entanglement. If a layout to scale can be de-
veloped, the lengths of the various types of en-
tanglements are scaled and the quantities and
weights are computed. If a scaled layout cannot
be prepared, rules of thumb may be used for esti-
mating the required lengths of tactical and pro-
tective wire entanglements. If the length of front
is taken as the straight-line distance between lim-
iting points, the rules are:

(1) Length of tactical wire entanglement is
114 times the length of front, times the
number of belts regardless of the size
of the unit involved.

(2) Length of protective wire entanglement
for a defensive position is 5 times the
length of the front being defended times
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the number of belts. Since protective
wire encircles each platoon area of a
command, the protective wire entangle-
ment for units is 2.5 times the average
platoon frontage times the number of
platoons involved.

(3) Supplementary wire in front of the
FEBA is used to break up the line of
tactical entanglements. Its length is 114
times the units frontage times the num-
ber of belts. The length of the supple-
mentary wire entanglement behind the
FEBA is approximately equal to 214
times the distance from the FEBA to the
rearmost reserve unit times the number
of belts. This rule of thumb is adequate
for all units.

b. Exzample: GIVEN: A defensive position
with a frontage of 1,800 meters and a depth of
900 meters. The tactical wire entanglement is a
band consisting of three belts of triple standard
concertina fence. The protective entanglement is
a band consisting of two belts of 4- and 2-pace
double apron fence. The supplementary entangle-
ments are the same type and depth as the entan-
glements they supplement. Only screw pickets are
available, The work is done during daylight hours
with inexperienced personnel.

REQUIRED: (1) Material to be requisi-
tioned.

(2) Man-hours to construct.
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(3) Number of 5-ton truck
loads (to permit cross-
country travel, each truck
will carry only 5 tons).

SOLUTION

(1)
(2)

(3)
(4)
(5)
(6)
(D
(8)
(9)

(1)

(2)

3)
(4)
(5)
(6)

AGO 7880C

Tactical
Length of trace of entanglement: 1.25 X
1800 X 3 = 6,750 meters
Sections of fence:
6,750 X 3
300
Short pickets: 23 X 4 = 92
Long pickets: 23 x 160 = 3,680
Concertina: 23 X 59 = 1,357
Staples: 23 x 317 = 7,291
400-m reels: 23 X 3 = 69
Man-hours to construct: 23 X 30 = 690
5-ton truck loads:
6750 X 7.9

5 X 2,000 X .4536
(1 pound = 0.4536 kilograms)

= 22.5 sections or 23

= 11.76 or 12 loads

Protective

Length of trace of entanglement: 5 X
1,800 X 2 = 18,000 meters

18,000

Sections of fence: = 60 sections

Short pickets: 60 X 200 = 12,000
Long pickets: 60 X 100 = 6,000
400-meter reels: 60 X 14 = 840
Man-hours to construct: 60 X 59 —
3,540
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(7) b-ton truck loads:
18,000 X 49

5 X 2,000 X .4536
Supplementary (in front of FEBA)
Same as tactical.

= 19.4 or 20 loads

Supplementary (behind FEBA)
(1) Length of trace of entanglement: 2.5 X
900 X 2 = 4,500 meters

4,500

(2) Sections of fence: — 15 sections

(3) Short pickets: 15 X 200 = 8,000
(4) Long pickets: 15 X 100 = 1,500
(5) 400-meter reels: 15 X 14 =210
(6) Man-hours to construct: 15 X 59 = 885

(7) b-ton truckloads:
4,500 X 4.9

5 X 2,000 X .4536

= 4.8 or 5 loads
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CHAPTER 7
ANTIVEHICULAR OBSTACLES

74. Defense

Antivehicular- obstacles should not be continu-
ous across the front of a position, but should have
gaps which can be kept under observation and fire
and at which flares and other warning devices
can be kept in operational condition. Such gaps
tend to canalize vehicular movement; they cannot
be expected to stop such attacks unless they are
exploited by observation and effective covering
fire, If enemy forces are equipped with short gap
bridging the effectiveness of antivehicular ob-
stacles under 20 meters in width is materially de-
creased. A narrow ditch will halt a unit so
equipped only until this organic bridging can be
brought into use.

75. Siting

Antivehicular obstacles are sited to take ad-
vantage of trees, brush, or folds in the ground for
concealment and surprise effect. If they can be
sited to permit flooding with water, the obstacle
becomes more effective and helps to deny its use
to the enemy as a protected firing position for in-
fantry. In some situations, antivehicular obstacles
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may also be sited for close-in protection in front
or to the rear of the main line of resistance and
as adjuncts to other obstacles. In such locations,

vehicles

may be separated from their infantry

support and are vulnerable to antivehicular weap-

ons.

76. Ditches
a. Types (fig. 108).

(1)

(2)

(3)

Triangular ditches. These are relatively
easy to build but a vehicle stopped in a
ditch of this type can usually back out
and try another route.

Sidehill cuts. Sidehill cuts are variations
of the triangular ditch adapted to side-
hill locations and have the same advan-
tages and limitations.

Trapezoidal ditches. These require about
double the construction time of triangu-
lar type ditches, but they are more effec-
tive obstacles. In a trapezoidal ditch as
the center of gravity of the vehicle
crosses the edge, and if the ditch depth
exceeds the height of the vehicle wheels
or treads, vehicles are trapped. Sections
of ditch longer than 100 meters are not
normally camouflaged. In winter, a
trapezoidal ditch may be camouflaged by
snow to resemble a standard trench (fig.
109).

b. Construction Procedures.

(1)
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Excavation. Ditches are excavated by
earthmoving equipment, by explosives as

AGO 7880C



(2)

AGO 17830C

described in FM 5-25, or by handtools.
To be effective, ditches made by explo-
sives must be dressed to true surfaces
by excavating equipment or handtools.
Triangular and sidehill-cut ditches are
constructed rapidly by a combination of
explosives and motorized graders and
angle-dozers. The actual time required
varies widely in different types of soils.
If available and if it can be used at the
site of the ditching, the standard 34.-yard
shovel is used in ditch excavation. Esti-
mating factors for construction time in
average soil are shown in table XII.

Revetting. The face of the ditch, or both
faces in the case of a trapezoidal ditch,
should be revetted as soon as possible
after it has been dug. Facing type rev-
etting is used almost exclusively, with
pole type or brushwood hurdles pre-
ferred because of their durability. For
revetting techniques, see chapter 4. It
is particularly important that the top of
the revetment be about 20 ¢cm below the
top of the ditch and that the anchor
stakes and tieback wires be buried under
30 cm of earth. .

77. Craters

a. Use. Crater-type obstacles are used for
blocking roads, trails, or defiles, preferably at
points where the terrain prevents bypassing the
obstacle

or where terrain suitable for bypassing
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Table XII. Estimating Data on Ditch Construction
(Average Soil)

Dimensions
of ditch

e o Width Crewsize | COTRRCHOR Sote
Depth | at top J
(meters)|(meters
Handtools __J| 2 4 Platoon' |4 (triangular)
2 (trapezoidal)
Explosives® _| 3 9 Squad®* |7.6
Earthmoving 2 4 Platoon® |7 (triangular)
equipment 3 (trapezoidal)
(% yd shovel
w/2 opera-
tors and 3-
10 hand la-
borers)
140 men.
218 men.

336 pounds of ammonium nitrate per meter of length of crater.

can be mined and covered by antivehicular fire.
Craters should be improved wherever possible by
steepening the sides, flooding or mining.

b. Preparation. As in the case of bridge demo-
litions, craters are formed by explosive charges
placed in advance and prepared for later detona-
tion. The weights of charges, depths, and arrange-
ment are given in detail in FM 5-25. The methods
normally employed include:

(1) Placement of charges in a culvert under
the-road and concealed and wired for
detonation from a safe distance.

(2) If a culvert is not available at the point
selected, charges are placed in the bot-
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Figure 109. Antivehicular ditch camouflaged to resemble
a trench.

toms of holes excavated in the road.
Truck-mounted earth augers, if avail-
able, are used for digging the holes. The
charges are placed and wired for detona-
tion at a safe distance. The holes are
backfilled in such a way that they are
not readily noticed. The use of ADM to
produce craters is covered in FM 5-26.

78. Log Hurdles and Cribs

a. Hurdles. Log hurdles formed of 25- to 45-
cm logs as shown in figure 110 may be used to
add to the obstacle effect of a crater, or other
type of roadblock. The hurdles force vehicles to
reduce speed as they approach the obstacles or
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they may act as an additional means of trapping
vehicles in the vicinity of antitank ditches. Each
hurdle consists of one 45 em or three 25 em logs
firmly staked in place on a roadway or on ground
suitable for use as a bypass. A hurdle of this size
stops or damages most types of wheeled vehicles.
Tanks can cross them at reduced speeds on rea-
sonably level ground but are stopped by hurdles
on uphill grades which approximate the critical
grade of the vehicle. To stop a tank on such a
slope, the size and location of the pole or log
hurdle must be such that the ground line of the
tank will be tilted to a slope of 1 to 1. The poles
must be firmly tied between strong stakes at not
more than 1.5 meter intervals. To determine the
height of the hurdle required, a stick 3.5 meters
long is held at an angle of 45° above horizontal,
with one end of the ground downhill from the
hurdle location. The distance between the upper
end of the stick and the ground gives the required
height of the hurdle. The hurdle should be sited
on the steepest part of the slope and as near the
top as possible.

b. Cribs. Rectangular or triangular log eribs
(figs. 111-113) are used effectively as roadblocks
where standing timber is available and where
such an obstacle cannot readily be bypassed. Un-
less substantially built, obstacles of this type are
not effective against heavy tracked vehicles. Cribs
are strengthened by filling them with earth; and
preferably the earth is obtained by digging a shal-
low ditch in front of the obstacle. Log hurdles in
front of a log crib forcee vehicles to reduce speed
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and add to the effectiveness of the roadblock. An
engineer platoox_l equipped with platoon tools can
build 6 meters of this obstacle in 4 to 8 hours.

79. Posts

a. Use. Posts are among the most effective an-
tivehicular obstacles because each post presents
a breaching problem to the attacker. There is no
fast method of breaching a belt of posts. Nor-
mally, the attacker will seek to bypass such an
obstacle. Post obstacle belts may be constructed
using either steel, log, or concrete posts.

b. Steel Posts. These posts are usually sections
of rail, heavy pipe or structural members. Due
to their small cross-sectional area, steel posts are
installed over footings to prevent their being
driven into the earth by the weight of a tank.

¢. Log Posts. These posts should be hardwood
with a minimum diameter of 40 cm. Footings are
used under log posts only where the soil has ex-
ceptionally poor load-bearing characteristics. Fig-
ure 114 depicts a belt of log post obstacles.

d. Concrete Posts. Precast concrete posts may
be emplaced either vertically or angled in the di-
rection of the enemy line of approach using
lengths, spacing, and arrangements as described
for wood or steel post obstacles.

(1) Concrete posts should be square in cross
section and 3 meters or more in length.
They can be readily precast in horizontal
open-top boxes with plank bottoms and
removable sides and ends. Two lifting
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Figure 110. Types of log hurdles.

rings are set in the top surface at the
quarter points of the length, for loading
and unloading; and a similar ring is po-
sitioned at the top end for raising it into
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Figure 111. Rectangular log crib used as roadblock.

244

position. A chisel-shaped point can be
easily formed at the bottom end. Length-
wise reinforcement is provided several
centimeters inside the surface near each
corner of the square post. with a trans-
verse wrapping of wire at each 30 ¢m of
length. Round reinforcing bars of 1.25
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Figure 112. Details of log crib used as roadblock.

cm diameter are adequate for the longi-
tudinal reinforcement. Reinforcement
can be improvised by using 4 to 6 strands
of barbed wire at each corner, attached
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Figure 113. Triangular log crib used as roadblock.

to the form ends and racked tightly,
preferably to almost the breaking
strength of the wire. After curing for
1 week or more under wet burlap. such
posts are installed in the same manner
as described for wood posts or steel
posts. If piledriving equipment is to be
used, a steam or air hammer may be re-
quired for driving heavy posts of this
type depending on the type of soil.
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Figure 114. Belt of log post obstacles.

(2) Round concrete posts may be improvised
from corrugated metal pipe of small sizes
filled with concrete. Because of the time
required to funnel concrete into pipe held
vertically and because of the expenditure
of the pipe, this method is less efficient
than the use of square precast concrete
posts.

e. Placing.

(1) All posts are buried 1.5 meters in the
ground either vertically or at a slight
angle toward the enemy, and project
above ground level between 75 and 120
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em. The height should vary from post
to post. The minimum acceptable density
for posts is 200 per 100 meters of front.
The spacing should be irregular, with at
least 1 meter and not more than 2 meters
between posts.

(2) Posts are equally useful whether em-

" ployed in long belts or in short sections
as roadblocks. By predigging holes, lin-
ing them with pipe and covering them
for later rapid installation of posts, the
road may be kept open for use until the
roadblock is needed. The rate of con-
struction of such roadblocks is approxi-
mately as follows, based on a 6-meter
road width:

(a) Using piledriving equipment, 2 NCO’s

and 16 men: 4 to 6 hours.

(b) Using power earth auger or demoli-

tions (shaped charges), 1 NCO. and
8 men: 2 to 214 hours.

(c) Using handtools, one combat engineer
platoon: 3 to 5 hours.

(8) Use of spirals of wire with posts. The

effect of post-type obstacles ecan be im-
proved, and the obstacles made more
difficult to breach, by weaving spirals of
barbed wire among the posts as shown
in figure 114. The belt illustrated is an
anti-personnel as well as an antivehicular
obstacle.
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Figure 115. Abatis used as roadblock.

80. Abatis

a. Use. Trees felled as shown in figure 115 can
be used to block a road or defile. To stop tracked
vehicles the trees should be at least 60 cm or more
in diameter and at least 6 meters long. To effec-
tively block a road through a heavily wooded area,
an abatis at least 75 meters deep is required.
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b. Construction. Abatis may be constructed
using handtools, by the use of explosives alone, or
by a combination of notching and explosives as
shown in figure 115. Using only handtools, one
engineer platoon can build 75 meters of abatis in
8 hours. Information on the use of explosives for
the construction of abatis is contained in FM 5—
25. Bushy-top trees with heavy branches and
thick foliage should be used for abatis wherever
possible since the branches reduce the momentum
of the vehicle and the foliage sets up a screen. The
trees should be felled as shown in figure 115 so
that the trunk remains attached to the stump. To
insure that the trunk remains attached no cut is
made on the side of the tree toward which it is to
fall, the tree is strained to fall in the required
direction and the butt cut two-thirds through on
the opposite side. The effectiveness of an abatis
is increased by interlacing barbed wire in the
branches of the trees.

81. Steel Obstacles

a. Hedgehogs. Steel hedgehogs as shown in fig-
ure 117 are relatively lightweight for the obstacle
effect they provide, and they are quickly installed
or removed. They are designed to revolve under
wheeled vehicles and puncture them or to belly up
tracked vehicles. Unless kept under observation
and covered with fire, the enemy can readily move
them aside. They are well adapted for use in veg-
etation high enough to afford complete or partial
concealment. Exposed parts should be painted to
blend with the background. Hedgehogs are made
up in rear areas, using three angles about 10 cm
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Pigure 116. Preparing explosive charges for abatis
construction.

by 10 cm by 1 ¢m, 120 cm long, and a 1 cm steel
plate about 50 ¢cm square. A hedgehog of this size
weighs about 160 pounds. Hedgehogs are used in
rows, with at least 150 hedgehogs to each 100
meters of front which is to be protected in this
manner,

b. Tetrahedrons. Steel tetrahedrons shown in
figure 118 are employed in a manner similar to
that of hedgehogs. They are usually made of 10
cm by 10 cm by 1.5 cm angles, the base and sides
in the shape of equilateral triangles, 1.5 meters
on a side. Their finished height is approximately
1.2 meters.
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Figure 117. Steel hedge hog.

82. Concrete Obstacles

a. Cubes. Cubes are concrete obstacles of ap-
proximately cubical shape, set in irregular rows.
A typical size and arrangement is shown in figure
119. Because of the weights involved and the
simplicity of erecting forms for cubes, these ob-
stacles are best cast in place if the situation
permits. A cube of the size shown in figure 119
requires about 1.8 cubic meters of concrete and
weighs slightly less than 5 tons.
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" Figure 118. Steel tetrahedrons.

b. Cylinders. Concrete obstacles of cylindrical
shape are usually smaller than cubes and are light
enough to be precast. Their use is similar to that
of cubes, and they may be preferable in situations
in which precast obstacles are the type required.
Cylinders may be precast in forms made of light-
weight sheet metal which need not be removed.
A cylinder of the size shown in figure 120 requires
1 cubic meter of concrete and weighs a little less
than 3 tons.
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Figure 119. Concrete cubes.

¢. Tetrahedrons. Concrete tetrahedrons are
pyramids with base and sides of equilateral tri-
angles, 1.5 meters on a side. They are set in
irregular rows as shown in figure 121. A tetra-
hedron of this size has a vertical height of about
1.2 meters, requires 0.9 cubic meter of concrete,
and weighs about 1.1 tons. They may be precast
in trough-shaped forms between triangular divi-
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Figure 120. Concrete cylinders.

sions, with a lifting ring embedded in the center
of the top surface of each tetrahedron.

83. Expedients

a. Roadblocks may be improvised from farm
carts, automobiles, and trucks, which are loaded
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Figure 121. Concrete tetrahedrons.

with rock, concrete, or other heavy material.
When placed in position their wheels should be
damaged or removed, and the vehicles should be
firmly anchored.

b. Vehicles can be moved to close a gap that has
been left to keep the road open.
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c. A roadblock which may be effective in some
situations is constructed quickly by the method
shown in figure 122. A heavy tree at one side of a
road is cut almost through and its trunk is at-
tached by a wire rope to a tree across the road in
such a way that if a passing vehicle strikes the
rope the tree will fall and damage the truck or
pin it in place.

84. Use of Screens and Dummy Obstacles

a. Purpose. Wherever possible, antivehicular
obstacles, particularly roadblocks, should be con-
cealed by screens for the following reasons:

(1) To conceal the true nature of the ob-
stacle.

Figure 122. Wire-rope roadblock.
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(2) To prevent fire from being directed at
the most vulnerable part.

(3) To confuse the crew of the vehicle.
Screens should also be erected in front of
dummy obstacles and at sites where no
obstacle exists, causing delay and ex-
penditure of valuable ammunition. The
enemy force will not know with any cer-
tainty what form of obstacle or defense
opposes it or whether any real obstacle
exists. If the force stops to investigate,
the defense will have an opportunity to
destroy it; if it goes ahead it runs the
risk of running into mines or of being
held on an obstacle under fire.

b. Siting. Screens should be sited not more than
3 meters from the obstacles which they are con-
cealing. If a vehicle goes through a screen at this
distance, it will encounter the obstacle before it
can halt. Therefore it will not be in position to
fire at the obstacle. Screens must not obscure the
fields of fires of the defenders.

¢. Construction. A form of screen, suitable for
concealing a roadblock, consists of two horizontal
strips of canvas, garnished netting, or blankets;
the lower part suspended from wires about 120
cm from the ground, and the upper part at a
height of 2 to 2.5 meters. The upper part should
overlap the lower part by 15 to 33 cm.

d. Dummy QObstacles. Dummy obstacles should
be used extensively to confuse and delay tanks and
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cause them to waste ammunition. They should be
carefully made in order to present a realistic ap-
pearance. They can be made of plaster, wood, or
asbestor sheets. Wooden obstacles can be used to
represent steel obstacles. Antitank and antiper-
sonnel mines should be interspersed extensively
between dummy obstacles.
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CHAPTER 8
BEACH AND RIVER LINE OBSTACLES

85. Principles

Most of the types of obstacles described in para-
graphs 83 and 84 can be used as antiboat obstacles
for some types of boats in water depths for which
they are adapted and in which they can be sited
and anchored. The tide range determines the
water depths for which it is practicable to posi-
tion obstacles on the bottom above the low water-
line. Outside this line, heavy obstacles may be
sunk from boats or lowered by cranes operating
from the beach or afloat in small landing craft.
Posts of timber, steel, or concrete are effective
antiboat obstacles, readily placed except in rocky
or coral bottoms. Posts are preferably emplaced
or driven with a slope or batter toward deep
water. Wooden obstacles of other types should be
filled with rock or otherwise anchored in position.
Antiboat obstacles may be connected with wire
rope or may have barbed wire or other types of
obstacles anchored between them. In rivers or
other locations where the water level is constant
or the tide range is minor or negligible, standard
cased antitank mines tied to posts or other ob-

260 AGO 7380C



stacles under the surface provide effective ob-
stacles.

86. Timber Obstacles

Unpeeled round logs provide the types of anti-
boat obstacles described and shown, but sawed
timbers may be used if more readily available. In
addition to the uses of wooden posts described in
paragraph 79, timber obstacles of the following
types are used effectively under various condi-
tions:

@. Rock-Filled Cribs and Pillars. Rock-filled
timber cribs (fig. 123) are normally 2 to 3 meters
long by 1 meter wide, and have stability at heights
up to 2 meters. The logs are driftpinned at the
corners. Cribs may be installed on a beach at low
water or may be dragged or lowered into water
before completing the rock fill. For lower heights
smaller cribs, triangular in shape and known as
pillars (fig. 124), are built with less material and
effort. Both types may be connected by barbed
wire, wire rope, or a combination of both.

b. Tetrahedrons. Timber tetrahedrons (fig.
125) are pinned and wired to a triangular bottom
frame which is weighted in place with rocks. A
post may be driven through the obstacle for im-
proved anchorage. Tetrahedrons are normally
spaced at intervals of 5 to 10 meters and may be
connected with wire rope or incorporated in a
barbed wire fence.

¢. Log Scaffolding. In suitable water depths,
log scaffolding, as shown in figure 126, is effective
in impeding small boats. Wooden posts driven in-

AGO 7880C 261



Figure 123. Rock-filled cribs.

to the bottom are reinforced by diagonal braces
extending inshore and have horizontal stringers
attached to the offshore face.

d. Braced Wooden Posts. This obstacle, shown
in figure 127, may be built in relatively shallow
water in which there is little or no tide range. The
posts are driven approximately to water level in
two rows staggered so that diagonal braces can
extend from each rear post to two of the front
posts to provide a structure of exceptional rigid-
ity. The bottom ends of the braces may be fast-
ened to the rear posts before the latter are fully
driven and before the work is so deep as to require
diving equipment. The front posts may be con-
nected with wire rope or barbed wire to further
improve the rigidity of the structure and to add to
the obstacle effect. The efficiency of this obstacle
is further enhanced by the liberal use of barbed
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Figure 124. Rock-filled pillars.

wire tangles securely fastened to and between the
posts.

e. Log Tripods. Braced log tripods, constructed
of logs at least 20 centimeters in diameter, as
shown in figure 128, are effective antiboat ob-
stacles. The obstacle is positioned with its longest
leg facing the direction of expected assault, and
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Figure 125.. Timber tetrahedrons.

this leg may be capped with a standard antitank
mine or sharpened to a point. Construction in
varying sizes so they are covered by 30 to 60 cm
of water at high tide, these obstacles are placed
on beaches from the low-tide mark back to about
halfway to the high tide line.

f. Log Ramps. Log ramps are constructed as
shown in figure 129. They are used to tear the
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Figure 126. Log scaffolding.

bottoms out of assault eraft riding up on them,
and to upset such craft. They are effective ob-
stacles with or without mines fastened to the high
end of the ramp. Ramps may be placed either in
an irregular pattern or in a eontinuous belt spaced
at approximately 3-meter intervals.

g. Nutcrackers. Nutcrackers are constructed as
shown in figure 130. The .9- by .9- by .6-meter
base has a center well or recess large enough to
house one or two antitank mines, depending on
whether a one-way or two-way obstacle is desired.
It also has a built-in socket for the bottom end of
the activating rail or pole. Shear pins, usually of
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DETAIL BOLTED BANDS

L

Figure 127. Braced wooden posts.

one-half em soft iron, hold the rail erect and pre-
vent detonation of the mines by wave action. A
landing craft striking the pole will break or bend
the shear pin sufficiently to detonate the mines.
Nutcrackers are normally employed in an irreg-
ular pattern interspersed with plain steel and log
posts.

87. Steel Obstacles

Steel beams, piles, and rails provide simple and
effective antiboat obstacles of the post type. Steel
rails can be driven in rocky or coral bottoms in
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DIRECTION OF ASSAULT

\
HEIGHT VARIES. OBSTACLE
SHOULD BE COVERED BY 30 TO 60cm
OF WATER AT HIGH TIDE.

Figure 128. Log tripod.

which wood piles would be splintered. Steel ob-
stacles of portable types are advantageous for
underwater use because of high unit weight of
steel; they remain in position without anchorage
against wave or currents. Steel obstacles intended
for field fabrication for antiboat use include the
following:

-a. Scaffolding. On beaches having considerable
tidal range, 5-cm steel pipe may be driven into the
bottom and welded together to form a structure of
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Figure 129. Log ramps.

the scaffolding type, as shown in figure 131. Float-
ing mines may be attached below the normal
water level, to be detonated if scraped by a vessel.

b. Hedgehogs. Steel hedgehogs of the type
shown in figure 132 are fabricated in rear areas,
shipped knocked down, and quickly assembled
with a bolted center connection. The angles used
are usually about 2 meters long, making the ob-
stacle about 1 meter high. The hedgehog is em-
placed without anchorage so that it revolves under
a boat or amphibious vehicle, holes it, and anchors
it as it sinks. Normally hedgehogs are installed in
several rows, using about 150 hedgehogs to each
100 meters of beach.
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Figure 180. Nutcracker.

88. Concrete Obstacles

As with obstacles of other materials, all types
of concrete obstacles described in paragraph 82
may be used as beach obstacles under certain
conditions. Concrete obstacles of post type are
particularly useful if heavy piledriving equipment
is available. Some types are improved for anti-
boat use by embedding rails in their tops to form
horned scullies. The cylinder modified in this
manner is shown in figures 133 and 134. By
setting the rails at an angle of about 45° with the
vertical, a fast-moving boat is holed and may be
sunk as its momentum carries it down over the
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Figure 181. Steel scaffolding.

length of the horn. The horns may be improved
by pointing them, using oxyacetylene cutting
equipment.

89. Barbed Wire Beach Obstacles

Wire entanglements are used as antipersonnel
obstacles but will also stop light landing craft.
They are placed inshore of scaffolding or sunken
obstacles and, if possible, are covered by machine-
gun fire. Entanglements normally are built at low
tide. They require constant maintenance, partic-
ularly if placed in surf. Wire also is erected on
beaches or river banks, often in connection with
antitank and antipersonnel minefields. Almost all
of the types of wire obstacles described in chapter
6 may be used in conjunction with other types of
beach and underwater obstacles.
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Figure 132. Steel hedgehog.

90. Expedient Underwater Obstacles

The obstacles described in a and b below are
made with native materials, some supplemented
with barbed wire, and are difficult to reduce.
Wherever possible, mines should be used with the
obstacles to increase their effectiveness and to
hinder removal by enemy underwater demolition
teams.

a. Rock Mounds. These consist simply of
mounds of rock about 1-meter high and 3.5 meters
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Figure 133. Howned scully based on concrete cylinder
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Figure 184. Horned scullies based on small dragon’s teeth.

square and staggered at intervals of 3 to 5 meters
on the outer edges of reefs or likely landing
beaches.

b. Rock Walls (fig. 135). Rock walls are about
1 meter high and 1 meter wide, in sections or
continuous lines. They should be mined and
topped with concertinas. They should be sited so
that the top of the wire is just under the surface
at high tide.
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Figure 135. Rock walls.
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APPENDIX I

CONVERSION FACTORS—
ENGLISH-METRIC SYSTEMS

Basic Metric Relationships

Length
One Unit
(belgw) Equals -> mm cm meters km
mm (millimeter) __J] 1. 0.1 0.001 | 0.000,001
cm (centimeter) .. 10. 1. 0.01 0.000,01
meters oo 1,000. 100. 1. 0.001
km (kilometer) _____ 1,000,000. 100,000. 1,000. 1.

Length Conversion Tables—English-Metric Systems

> centimeters

inches

cm >
feet —3» meters
meters > feet

yards meters

meters ————sm————e——13% yards
mile8 ———» kilometers

km —>miles
\

T2 124
1.86
2.49
3.11
8.8
4.85

O

IR I )

278

8.22
4.83
6.44
8.05
9.66
11.27

161

2.19
8.28
4.87
5.47
6.66
7.66

109

N
_091 828 030 089 254

1.88
2.74
8.66
4.67
5.49
6.40

6.566
9.84
18.12
16.40
19.68
22.97

0.61
091
1.22
1.62
1.88
2.13

inches

¥

079 15.08

118 1.62
157  10.16
197 1270
2.36  15.24
276 1178
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inches —3» centimeters

cm » inches

feet >» meters

meters > feet

yards meters

meters —————————— yards

miles > kilometers

km = m\x}es ¥ "

8 4.97 12.87 8.76 7.82 26.25 2.44 3.15 20.82
9 5.59 14.48 9.84 8.23 29.53 2.74 3.54 22.86
10 6.21 16.09 10.94 9.14 32.81 3.06 3.93 25.40
12 7.46 19.31 18.12 10.97 39.37 8.66 4.72 80.48
20 12.438 32.19 21.87 18.29 65.62 6.10 7.87 50.80
24 1491 38.62 26.26 21.95 78.74 7.32 9.45 60.96
80 18.64 48.28 32.81 27.43 98.42 9.14 11.81 76.20
86 22.37 57.94 89.37 32.92 118.11 10.97 14.17 91.44
40 24.85 64.37 48.74 86.58 131.28 12.19 15.76 101.60
48 29.83 77.26 52.49 43.89 157.48 14.63 18,90 121,92
50 81.07 80.47 54.68 45.72 164,04 15.24 19.68 127.00
60 87.28 96.56 65.62 54.86 196.85 18.29 23.62 152.40
70 48.50 112.65 76.56 64.00 229.66 21.84 27.56 177.80
72  44.714 115.87 78.74 65.84 286.22 21.95 28.35 182.88
80 49.71 128.76 87.49 73.15 262.47 24.88 81.50 203.20
84 52.20 135.18 91.86 76.81 275.59 25.60 83.07 213.36
90 55.92 144.84 98.42 82.80 295.28 27.43 85.43 228.60
96 59.656 154.50 104.99 87.78 814,96 29.26 87.80 248.84
100 62.14 160.94 109.36 91.44 328.08 30.48 39.37 254.00
Example: 2 inches = 5.08 cm
Fractions of an Inch

Inch Ye % He 14 %o ¥ %46 ¥%

cm 0.16 0.82 0.48 0.64 0.79 0.96 111 1.27

Inch 916 % 4 % 3% % 36 L

cm 1.43 1.59 175 1.91 2.06 2.22 2.38 2.54

Units of Centimeters

em 1 2 3 4 5 6 7 8 9 10

Inch 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.31 0.85 0.89
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Bastic Metric Relationships

Weight
One Unit .
(be\ow) Equals ———) gm kg metric ton
gm (gram) -_ 1 0.001 0.000,001
kg (kilogram) 1,000. 1. 0.001
metrle ton o ________| 1,000,000. 1,000. 1.

Weight ' Conversion Tables-—English-Metric Systems

ounces —p grams
grams ~» ounces
pounds > kilograms
kg > pound
short > metric
ton 2 ton
metric _ short l
ton 3 ton
~
1 1.10 0.91 2.20 50.45 0.04 28.4
2 2.20 1.31 441 10.91 0.07 56.7
8 8.31 0.11 35.0
4 4.41 0.14 113.4
1 5.51 0.18 141.8
6 6.61 0.21 170.1
I S, & { ) 0.25 198.4
'8 8.82 18.63! 0.28 226.8
9 9.92 8.16 19.34 4.08 0.32 2665.2
10 11.02 9.07 22.06 4.54 0.36 288.5
16 17.63 14.51 865.27 17.26 0.56 458.6
20 22.05 18.14 44.09 9.07 0.71 567.0
30 88.07 27.22 66.14 13.61 1.06 850.6
40 44.09 36.29 88.18 18.14 1.41 1134.0
50 55.12 45.86 110.28 22.68 1.76 1417.56
60 66.14 54.48 132.28 27.22 2.12 1701.0
70 77.16 68.560 154.82 31.75 2.47 1984.5
80 88.18 72.67 176.87 86.29 2.82 2268.0
90 99.21 81.65 198.42 40.82 8.17 25651.5
100 110.20 90.72 220.46 45.36 8.58 2886.0

Example: Convert 28 pounds to kg
28 pounds = 20 pounds 4 8 pounds
From the tables: 20 pounds = 9.07 kg and 8 pounds
= B8.68 kg
Therefore, 28 pounds = 9.07 kg + 8.63 kg — 12.70 kg
! The weights used for the English system are avoirdupois (com-
mon) weights.
2 The short ton 1s 2000. pounds.
2 The metric ton 1s 1000. ke.
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Volume Conversion Tables—English-Metric Systems

cu meters > cu. ft —>» cu. yd
cu. yd > cu. ft cu. meters
cu, ft 3 cu. yd cu. meters \l’ l
\ v
1 0.087 0.028 0.76 85.8 181
2. _...0.057 1.68 70.6 2.62
igl 0.085 810! 2.29 106.9 8.92
4 0.148 0.118 108.0 8.06 1413 6.28
[ 0.185 0.142 186.0 8.82 176.6 6.64
(] 0.212 0.170 162.0 4.69 211.9 7.86
ki 0.269 0.198 189.0 5.85 247.2 9.16
8 0.296 0.227 216.0 6.12 282.5 10.46
9 0.888 0.266 248.0 6.88 817.8 11.77
10 0.870 0.288 270.0 7.66 868.1 18.07
20 0.741 0.566 6540.0 15.29 706.8 26.16
80 1111 0.860 810.0 22.94 1069.4 89.24
40 1.481 1.188 1080.0 80.68 1412.6 52.82
650 1.862 1.416 1850.0 88.28 1766.7 66.40
60 2,222 1.700 1620.0 45.87 2118.9 78.48
70 2.692 1.982 1890.0 68.62 2472.0 91.56
80 2.962 2.266 2160.0 61.16 2825.2 104.68
80 8.888 2.548 2480.0 58.81 8178.8 117.71
100 8.708 2.882 2700.0 76.46 8631.4 180.79

Exampie: 8 cu. yd = 81.0 cu. ft

Volume: The cublc meter is the only common dimension used for
measuring the volume of sollds in the metric system.
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APPENDIX I
FORTIFICATION PROTECTION FACTORS

I. Purpose

Fortifications Protection Factors (FPF’s) pro-
vide a method of determining, within specified
limits, the relative value of field fortifications.
FPF’s give simple meaningful numbers for com-
parison of the protection afforded by fortifications
against nuclear weapons. Their use does not re-
quire detailed nuclear weapons effects training,
classified data, or graphs. FPF’s are not substi-
tutes for detailed weapons effects analysis.

2. Definition

The Fortification Protection Factor (FPF) of
a fortification is a measure of the chance of injury
to a man in the fortification from a nuclear burst
in his vicinity compared to the chance of injury
to a man in the open at the same place. FPF’s
are based on the size of the area in which the
ground zero of a nuclear burst must lie in order
to have at least a 50 percent probability of causing
injury to a person in the center of the area which
is equal to the area of damage for the weapon in
question. The FPF’s of fortifications are deter-
mined by the ratio of the areas of damage for
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protected and unprotected troops for the same
weapon and conditions.

3. Application

The FPF is for a fortification under a wide
range of conditions. The ratio of damage is al-
ways less than 1, so to avoid the use of fractions
it is multiplied by 100. FPF’s are always between
0 and 100 and the greater the FPF of a fortifica-
tion, the less protection is afforded. For example:
a man in the open has an FPF of 100, but if he is
in a one-man foxhole he has a FPF of 65, or 35
percent more protection than he had while ex-
posing himself.
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APPENDIX IV

USE OF EXPLOSIVES IN EXCAVATION
OF EMPLACEMENTS

Section |. INTRODUCTION

I. Application

a. This appendix describes a method of using
explosives to reduce the amount of pick work re-
quired to excavate gun emplacements, thus mak-
ing their construction faster and easier. Since
blasting craters causes a wide dispersion of soil
which is difficult to camouflage, this appendix is
concerned chiefly with a procedure for loosening
soil with explosives so it can be shoveled easily.

b. The method applies only to types of soil
normally excavated with pick and shovel and not
to rock or unusual ground structure. Use of ex-
plosives is not recommended for excavations ex-
tending less than 2 feet (60 cm) below ground
level. The charges used are small and placed at
such depth and spacing that spoil dispersion is
confined to a small radius. This confinement is
insured by placing a tarpaulin over the tamped
charges.
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¢. The desirability of using explosives as de-
scribed depends on the availability of explosives
and personnel trained in their use, and upon the
emplacement’s location not being disclosed to the
enemy by the sound of explosion.

2. Tools and Materials

Tools required are earth augers, crowbars, pick
handles or other tamping sticks, picks, and shov-
els. Materials required are explosive, electric
blasting caps, firing wire, galvanometer, blasting
machine or battery, and a tarpaulin, or blasting
mat large enough to extend 4 feet (1.2 meters)
beyond the edges of the emplacement.

Section |l. GENERAL PROCEDURE

3. Depth and Spacing of Boreholes

a. Depth. Boreholes are dug to the depth of the
desired floor level. If this depth is greater than 4
feet (1.2 meters), the entire area is excavated to
a depth of 4 feet (1.2 meters), and the procedure
is repeated to obtain the desired depth. Boreholes
for ramps are dug while the loosened soil is being
shoveled from the emplacement. Crowbars often
are necessary to loosen the earth so holes can be
dug with augers.

b. Spacing. Boreholes are spaced at not more
than 11 times the depth and, when possible, in
such a pattern that they are equidistant from each
other. Typical layouts are described in para-
graphs 6 through 9, this appendix.
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4, Placing Explosive Charges

a. Test Charge.

(1) Because effectiveness of explosives dif-
fers greatly in various soils, and confine-
ment of spoil is desired, the size of
charges used is determined from a test
shot. For this shot, 14 pound of explosive
per foot of depth is placed in one of the
interior holes. The hole is filled, thor-
oughly tamped, covered with the tar-
paulin, and fired electrically.

(2) A complete breaking and loosening of
the soil halfway to adjoining holes, with-
out dispersion of the spoil, is desired.
Unless the test results are entirely un-
satisfactory, additional test shots are not
needed. The results of the test give the
basis for determining the quantity of
explosive desired for the other holes.
Usually, the original charge need not be
increased or decreased by more than one
half-pound block of explosive.

b. Main Charge. The proper amount of explo-
sive, as determined in a above, is placed and
tamped in each hole, and the cap wires are con-
nected in series. Detonating cord is not used be-
cause of resulting damage to the tarpaulin. The
tarpaulin is spread and the charges are exploded
electrically. If charges are of proper strength,
the taruaplin will be lifted a few feet into the air
with most of the spoil confined beneath it, and
both spoil and canvas will fall back to their orig-
inal location. Normally, the tarpaulin will not be
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damaged unless the ground surface contains
rocks, or is frozen or otherwise crusted.

5. Completion of Emplacement

The loose earth is removed (fig. 136), the hole
is shaped by pick and shovel to the desired dimen-
sions, and the spoil is used to form a parapet. The
pot holes blown directly beneath the charges are
filled and tamped thoroughly. Ramps are con-
structed as described in paragraphs 10 and 11,
this appendix.

Figure 136. Emplacement after excavation of all loose
earth.
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Section lll. RECTANGULAR EMPLACEMENTS

6. Layout of Boreholes

Borcholes for rectangular emplacements are
laid out in parallel rows of equally spaced holes
(fig. 137). A row of holes of proper depth is
spaced along the sides 2 feet (60 ¢cm) inside the
edge of the emplacement. Since the distance be-
tween rows should not exceed 114 times the depth
of holes, one or more additional rows may be re-
quired between the outside rows.

7. Layout of Charges

a. Outer Rows. The outer rows of charges are
located as follows:
(1) Mark outline of emplacement on ground,

fe L

[ $oo<ﬁ_‘il

lo o o o g

ALL MEASUREMENTS [N FEET

L = LENGTH OF EMPLACEMENT

W= WIDTH OF EMPLACEMENT
| = L-4=LENGTH BETWEEN CORNER HOLES

== W-4eWIDTH BETWEEN CORNER HOLES
S = DISTANCE BETWEEN HOLES IN ROW(NOT MORE THAN t5 X DEPTH OF HOLES)
M = DISTANCE BETWEEN ROWS (NOT MORE THAN l% X DEPTH OF HOLES)

Figure 137. Layout of boreholes for rectangular
emplacements.
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and locate a hole inside each corner 2
feet (60 cm) from both side lines.

(2) Space additional holes equidistantly
along both sides, at distances not ex-
ceeding 11 times the depth of holes.

b. Inner Rows. To locate charges of inner rows
properly, proceed as follows:
(1) Space inner rows equidistantly from
outer rows, at distances not exceeding
115 times the depth of holes.
(2) Locate holes the same distance apart as
in outer rows, but staggered with re-
spect to them.

Section IV. CIRCULAR EMPLACEMENTS

8. Layout of Boreholes

Circular emplacements are prepared best by a
circular arrangement of boreholes surrounding a
borehole at the center of the emplacement (fig.
138). Several concentric rings of holes will be
required in large emplacements, whereas only one
ring or only one charge may be required for small
emplacements (fig. 139).

9. Layouts of Charges

Table XIII gives radii of rings and number of
holes per ring for circular emplacements of vari-
ous sizes. This table is based on the following
steps:

a. Location of Rings.

(1) Using a length of cord, inseribe on the

AGO 173800 289



DUTER EDGE OF EMPLACEMENT

b not oRre,’
~IHAN Sy ’
DEPTH OF HOLEEj/

% SHOULD NOT EXCEED 14 TIMES
DEPTH OF BOREHOLES

Figure 138. Layout of boreholes for large circular
emplacements.

OUTER EDGE OF EMPLACEMENT

R=RADIUS OF CHARGE RING
d = DIAMETER OF EMPLACEMENT

———  de—

Figure 139. Layout of boreholes when diameter of em-
placement exceeds 1% but not more than 3 times the
depth of the boreholes.
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ground a circle 2 feet (60 cm) less in
radius than the desired emplacement.

(2) Divide the above radius by 11, times the
depth of holes to determine the number
of rings.

(3) Locate additional rings at equal dis-
tances between the outer ring and the
center of the ring.

b. Location of Holes. Space holes equidistantly
along each circumference at distances not exceed-
ing 114 times the depth of holes.

c. Small Emplacements.

(1) When the diameter does not exceed 114
times the depth, a single charge placed
at the center is sufficient. In this em-
placement, size of charge is based upon
diameter rather than depth of borehole.
For a test hole use 14 pound of explosive
per 11, feet (45 cm) of diameter.

(2) When the diameter is between 11 and 8
times the depth, three holes are spaced
equidistantly around the ring and the
center hole is omitted (fig. 139).

Table XI1I. Number of Charges Required
for Circular Emplacements
[Located in back of manuall
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Section V. RAMPS

10. Consfruction Procedure

Ramps for emplacements are built on a slope of
1 to 4; hence, the length of the ramp depends on
the depth of the excavation. Holes increasing in
depth down the ramp are laid out as illustrated in
figure 140. Since no explosive is used in an exca- -
vation less than 2 feet (60 cm), the upper end of
the ramp is excavated by pick and shovel. When
ramps reaching a depth greater than 4 feet (1.2
meters) are to be constructed, the portion to be
greater than 4 feet (1.2 meters) deep is excavated
by the method used for rectangular emplacements,
then sloped as described in paragraph 11, this
appendix.

11. Layouts of Charges for Ramps

a. Outside Rows. Boreholes are located in the
position and to the depth indicated in figure 140.
Lay out these holes as follows:

(1) Trace an outline of the ramp on the
ground, with 4 feet (1.2 meters) of
length for every foot (30 cm) of depth.

(2) Two feet (60 cm) inside the edge of the
ramp and 10 feet (3 meters) from its
outer end, place a borehole 2 feet (60
cm) deep. In line, 4 feet (1.2 meters)
nearer the emplacement, place a second
hole 3 feet (80 ¢m) deep.

(83) Place a similar pair of charges 2 feet
(60 cm) inside the opposite edge of the
ramp.
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Section VI. CRATERS

12, Blasting Craters for Emplacements

When camouflage is not required, craters ap-
proximately the desired shape of the emplacement
may be blown with explosives. The shovel work
required to complete the excavation is consider-
ably less than that required for the method de-
scribed in preceding sections. The center of the
crater will be too deep and must be filled with
spoil from the sides and tamped.

13. Layouts of Charges

The layout of holes for both circular and rec-
tangular craters is similar to that used in the
methods described in paragraphs 6 through 9,
this appendix, except that the following general
rules govern the dimensions:

a. The depth of boreholes is two-thirds the de-
sired depth of excavation.

b. Maximum spacing between rows, and be-
tween holes in the same row, is twice the depth of
boreholes.

¢. The distance between the desired boundary
of emplacement and outer boreholes is equal to
the depth of boreholes.

d. Two-thirds of the charge is placed at the
bottom of the borehole, and one-third is placed
halfway down.

e. Charges in the center hole of a circular em-
placement, and in interior holes of a rectangular
emplacement, are twice those used in outer bore-
holes.
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f. Table XIV is a guide in determining proper
charges based on sandy clay soil. If a number of
emplacements are to be constructed, it is desir-
able to use one of them as a test before boreholes
of remaining emplacements are charged.

Table XIV. Quantity of Ezxplosive for Blasting Craters

Depth of borehole Half-pound blocks
(feet/meters) of explosive
2'/.6m b
3'/.9m 10
4'/1.2m 15
5'/1.5m 25
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Table I. Characteristics of Personnel and Individual Weapons Emplacements

Protection afforded !

Nuclear weapons effects

Total construction time in man-hours for
construction with D-handie shovels and
ordinary carpentry tools 3

‘Weight and volume of materials ?

Revetment materials for
cover support only

Compliete revetment

Revetment materials

rpe of xplscement o sbelter — for covgrmoport | Complets || Commedett | Shelmber | Crmgmedmen | Shellomby
tion pro- Thermal Tracked Artillery revetment
ft:::olgr; effects vehicles fragments Corru- Sized Corru- Sized ma‘:::éa.ls ] ] ] .
gated lumber gated fumber Weight | Volume Weight Volume Weight Voiume Weight Volume
metal constr. metal constr. (1b.) (cu. ft.) (ib.) (cu. ft.) (ib.) (cu. ft.) (ib.) (cu. ft.)
constr. constr.
Improved crater 90 Fair ______ Virtually none__ | Better than in N/A N/A N/A N/A 0.5 N/A N/A N/A N/A N/A N/A N/A N/A
open _______|
Skirmishers trench , 95 Fair ______ Virtually none__ | Better than in N/A N/A N/A N/A 0.6 N/A N/A N/A N/A N/A N/A N/A N/A
open . _____
Prone emplacement 85 Good —_____ Virtually none__ | Fair ___._______ N/A N/A N/A N/A 1.6 N/A N/A N/A N/A N/A N/A N/A N/A
Open one man foxhole 65 Very good__ { Good .. ________ Good . _._] N/A N/A 3.5 4.5 20--}{ N/A N/A N/A N/A 190 35 240 8
Open one man foxhole with offset ___________ 20 Excellent __ | Very good ____. Excellent ______] 9.0 14.0 10.0 16.0 N/A 50 0.6 180 5.5 240 4.0 420 13.0
One man foxhole with half cover ____________ 55 Very good__ | Fair (=) -—————— | Very good ____. 2.5 3.0 4.5 5.5 N/A 10 0.1 20 0.6 200 3.5 200 8.0
One man foxhole with half cover and offset ._.| 20 Excellent __ | Very good _____ Excellent _____| 10.0 14.0 12.0 18.0 N/A 60 0.7 200 6.0 250 4.0 440 14.0
Open two man foxhole J 65 Good ——____ Good _—_________ Good _________.] N/A N/A 6.0 8.0 3.0 N/A N/A N/A N/A 280 5.0 320 10.0
Deepened two man foxhole 55 Very good__ | Good ———______ Very good —___] N/A N/A 8.0 10.0 " 6.0 N/A N/A N/A N/A 300 5.5 375 12.0
Two man foxhole with half cover ___________| 60 Very good__ | Fair ta good .- | Very good ____| 4.0 4.0 8.0 10.0 N/A 15 0.2 32 1.0 280 5.0 350 11.0
Two man foxhole with offset ___.___________| 15 Excellent __ | Very good _____ | Excellent ______ 20.0 30.0 22.0 35.0 N/A 120 1.6 400 12.0 380 6.0 700 22.0
Two man foxhole with half cover and adjoining]
shelter 30 Excellent __ | Good ———_______ Excellent _____] 11.0 17.0 13.0 22.0 N/A 100 1.2 560 18,0 460 7.0 880 28.0
Open fighting trench (25’ length) * _________| 85 Good ———___ Fair __________ Fair . ______| N/A N/A 28.0 32.0 21.0 N/A N/A N/A N/A 490 8.0 710 22.0
Fighting trench with full cover (25’ length)_-{ 70 Excellent ._ | Fair . _________ Very good _—___] 27.0 29.0 36.0 40.0 N/A 240 4.0 360 11.0 730 12,0 1060 33.0

1 Protection afforded assumes the occupants of fortifications are in the most protected position of their fortifications.

3 See app IIIL

8 Assumes normal digging capability in daylight with trained troops.

€ May include wooden framing and braces.
¥ See metric conversion table, app II.

For most fortifications protection decreases as the angle of sight from the position to the center of the weapon burst increases.






Table I1. Characteristics of Crew Served Infantry Weupons Emplacements

Protection afforded?!

Nuclear weapons effects

Total construction time in man-hours for
constructlon with D-handle shovels and
ordinary carpentry tools?

Welght and volume of materlals 8

Revetment materials for
cover support only

Complete revetment

Revetment materials . .
Tome of emplacement or dhaer — oot | Somnen |, |l | Gmhnty | cummugpes | Sed e
tlon pro- Thermal Tracked Artillery revetment
tection effects vehicles fragments Corru- Sized Corru- Sized mate-ials
factor ? gated lumber gated lumber used Weight ] Volume | Weight | Volume ] Weight Volume Welght | Volume
metal constr. metal constr. (1b,) (cu. ft.) (1b.) (cu. ft.) (1b.) (cu. ft.) (1b.) (cu. ft.)
constr. constr.
Open horseshoe type M60 machinegun
emplacement _ - 70 Good ___.___ Fair . __ Fair to good __§ N/A N/A 5.0 7.0 2.0 N/A N/A N/A N/A 280 5.0 450 14.0
Open 2 one-man foxhole type light machinegun
emplacement -4 65 Very good__ | Good __._______ Good _—________J| N/A N/A 6.0 7.0 40 | N/A N/A N/A N/A 530 10.0 640 20.0
Horseshoe type machinegun emplacement
with full cover ' ——— 55 Very good__ | Fair ___________ Very good ____| 9.0 11.0 11.0 14.0 N/A 190 4.0 250 7.0 720 13.0 890 27.0
2 one-man foxhole type machinegun em-
placement with % cover and adjoining 15.0 22.0 19.0 28.0 N/A 250 2.5 630 20.0 520 7.5 850 30.0
shelter -4 30 Excellent __ | Good __________ Excellent _____] )
Pit type emplacement for 3.5 inch rocket
launcher -4 80 Fair ______ Fair __________ Fair _________| N/A N/A 5.0 6.0 3.0 N/A N/A N/A N/A 110 1.0 160 5.0
81-mm mortar emplacement 85 Good ______ Virtually none__ | Fair _._______]| N/A N/A 12.0 N/A N/A N/A N/A N/A N/A 210 3.0 N/A N/A
4.2-inch mortar emplacement _______________| 85 Good ______ Virtually none__ | Fair _________| N/A | N/A 29.0 N/A N/A N/A | N/A N/A N/A 370 6.0 N/A N/A
Recoilless rifle position (mounted) __________| 80 Fair ______ Virtually none__ | Fair _________] N/A N/A N/A N/A 30.0 N/A N/A N/A N/A N/A N/A N/A N/A

! Protection afforded assumes the occupants of fortifications are In the most protected positlon of their fortifications.

1 See app IIIL

3 Assumes normal digging capability in daylight with trained trcops.

4 May include wooden framing and braces.
8 See metric conversion table, app II.

For most fortifications protection decreases as the angle of sight from the position to the center of the weapon burst increases.
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Table XII1. Number of Charges Required for Circular Emplacements*

Feet
& Meters
Depth of Ring Radius of Emplacement
3 9| 4 5’ 6’ 7 8 9 10’ 11 12/ 13’
Borehole No.! 1. 1 1.4 2.1 2.4 2.7 3.0 3.3 3.6 3.9
Rt INY{ R |Nf R N[ R |N] R |N| R|N] R N} R|N| R|N R|N R[N
1 2 3 4 5 6 7 8 9 10 11
1 3 5 k( 11 13 15 17 19 21 24
3 .6 9 1.2 1.5 3.9 2.1 2.4 2.7] 3 3.
2/.6 meters 2 Jz 5 3 4.7 5.3 6 7.5 8.2
2 7 10| 12 13 16 18
6 75 1.4 1.6 1.8} 2.9 2.5
2.3 2.7 3 5 5.5
3 5 6 7 11 12
7 8| .9 1.5 1.7]
2.5 2.8
7 11
.8 1.6
2.8
6
.8
10 13
11 19
3 3.9
6.5 8.8
5 10 12 13
2.0 2.6
8’/1.8 meters 3.3 4.3
6 7
1 1.3
10 13
5 11 3 14
3.0 3.9
4'/1.2 meters 8.8
7 10
1.5 2.6
.3
5
1.3

* Number does not include center-hole charge. 2 R = Radius of ring of boreholes.
1 Rings are numbered from outside toward center. 3 N = Number of boreholes in ring.
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