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Study Guide

Congratulations  Congratulations on your enrollment in a distance education course from the
Distance Learning and Technologies Department (DLTD) of the Marine
Corps Institute (MCI). Since 1920, the Marine Corps Institute has been
helping tens of thousands of hard-charging Marines, like you, improve their
technical job performance skills through distance learning. By enrolling in
this course, you have shown a desire to improve the skills you have and
master new skills to enhance your job performance. The distance learning
course you have chosen, MCI 1373 A, Basic Engineer. Combat Operations,
provides instruction to personnel in the ranks of private through sergeant in
13XX MOS.

Your Personal ¢ YOU ARE PROPERLY MOTIVATED. You have made a positive

Characteristics decision to get training on your own. Self-motivation is perhaps the most
important force in learning or achieving anything. Doing whatever is
necessary to learn is motivation. You have it!

e YOU SEEK TO IMPROVE YOURSELF. You are enrolled to improve
those skills you already possess, and to learn new skills. When you
improve yourself, you improve the Corps!

e YOU HAVE THE INITIATIVE TO ACT. By acting on your own, you
have shown you are a self-starter, willing to reach out for opportunities to
learn and grow.

¢ YOU ACCEPT CHALLENGES. You have self-confidence and believe
in your ability to acquire knowledge and skills. You have the self-
confidence to set goals and the ability to achieve them, enabling you to
meet every challenge.

e YOU ARE ABLE TO SET AND ACCOMPLISH PRACTICAL
GOALS. You are willing to commit time, effort, and the resources
necessary to set and accomplish your goals. These professional traits will
help you successfully complete this distance learning course.

Continued on next page

MCI Course 1373A A%






Study Guide, Continued

Beginning Your
Course

Leafing
Through the
Text

The First Study
Unit

Reading the
Learning
Objectives

Completing the
Exercises

MCI Course 1373A

Before you actually begin this course of study, read the student information
page. If you find any course materials missing, notify your training officer or
training NCO. If you have all the required materials, you are ready to begin.

To begin your course of study, familiarize yourself with the structure of the
course text. One way to do this is to read the table of contents. Notice the
table of contents covers specific areas of study and the order in which they are
presented. You will find the text divided into several study units. Each study
unit is comprised of two or more lessons and lesson exercises.

Leaf through the text and look at the course. Read a few lesson exercise
questions to get an idea of the type of material in the course. If the course has
additional study aids, such as a handbook or plotting board, familiarize
yourself with them.

Turn to the first page of study unit 1. On this page, you will find an
introduction to the study unit and generally the first study unit lesson. Study
unit lessons contain learning objectives, lesson text, and exercises.

Learning objectives describe in concise terms what the successful learner,
you, will be able to do as a result of mastering the content of the lesson text.
Read the objectives for each lesson and then read the lesson text. As you read
the lesson text, make notes on the points you feel are important.

To determine your mastery of the learning objectives and text, complete the
exercises developed for you. Exercises are located at the end of each lesson,
and at the end of each study unit. Without referring to the text, complete the
exercise questions and then check your responses against those provided.

Continued on next page
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Study Guide, Continued

Continuing to
March

Preparing for
the Final Exam

MCI Course 1373A

Continue on to the next lesson, repeating the above process until you have
completed all lessons in the study unit. Follow the same procedures for each
study unit in the course.

To prepare for your final exam, you must review what you learned in the
course. The following suggestions will help make the review interesting and
challenging.

e CHALLENGE YOURSELF. Try to recall the entire learning sequence
without referring to the text. Can you do it? Now look back at the text to
see if you have left anything out. This review should be interesting.
Undoubtedly, you’ll find you were not able to recall everything. But with
a little effort, you’ll be able to recall a great deal of the information.

e USE UNUSED MINUTES. Use your spare moments to review. Read
your notes or a part of a study unit, rework exercise items, review again;
you can do many of these things during the unused minutes of every day.

e APPLY WHAT YOU HAVE LEARNED. It is always best to use the
skill or knowledge you’ve learned as soon as possible. Ifit isn’t possible
to actually use the skill or knowledge, at least try to imagine a situation in
which you would apply this learning. For example make up and solve
your own problems. Or, better still, make up and solve problems that use
most of the elements of a study unit.

e USE THE “SHAKEDOWN CRUISE” TECHNIQUE. Ask another
Marine to lend a hand by asking you questions about the course. Choose
a particular study unit and let your buddy “fire away.” This technique can
be interesting and challenging for both of you!

e MAKE REVIEWS FUN AND BENEFICIAL. Reviews are good habits
that enhance learning. They don’t have to be long and tedious. In fact,
some learners find short reviews conducted more often prove more
beneficial.

Continued on next page
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Study Guide, Continued

Tackling the
Final Exam

Completing
Your Course

Graduating!

MCI Course 1373A

When you have completed your study of the course material and are confident
with the results attained on your study unit exercises, take the sealed envelope
marked “FINAL EXAM?” to your unit training NCO or training officer.

Your training NCO or officer will administer the final examination and return
the examination and the answer sheet to MCI for grading. Before taking your
final examination, read the directions on the DP-37 answer sheet carefully.

The sooner you complete your course, the sooner you can better yourself by
applying what you’ve learned! HOWEVER--you do have 2 years from the
date of enrollment to complete this course.

As a graduate of this distance education course and as a dedicated Marine,
your job performance skills will improve, benefiting you, your unit, and the
Marine Corps.

Semper Fidelis!
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Overview

Scope

Purpose

In This Study
Unit

MCI Course 1373A

STUDY UNIT 1
DEMOLITIONS AND EXPLOSIVES

This study unit covers the reconnaissance, formulas, target recognition,
process, and theories involved in the effective use of demolitions and
explosives as it pertains to the combat engineer serving with a Marine
Division.

The purpose of this study unit is to provide you with the skills and knowledge
necessary to safely and successfully plan and implement the use of
demolitions and explosives.

This study unit contains the following lessons:

Lesson See Page
Engineer Reconnaissance 1-3
Appropriate Protective Measures 1-37
Net Explosives Weight 1-55
Improvised Breaching Charges 1-61
Priming Demolitions 1-73
Theory and Operation of a Shaped-Charge 1-93

1-1 Study Unit 1
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LESSON 1
ENGINEER RECONNAISSANCE

Introduction

Scope This lesson describes the process and procedures for conducting an engineer
reconnaissance and its required reports.

Purpose The purpose of this lesson is to provide you with the knowledge to
successfully conduct and record an engineer reconnaissance mission, as well
as identify key features of both your route and target.

Learning At the end of this lesson, you should be able to
Objectives

e Identify the three major components of a bridge.

Identify the components in a building structure.
e Identify a bypass in respect to reconnaissance.
e Identify a Demolition Reconnaissance Record.
e Identify the two goals in bridge demolition.

e Identify different types of sketches.

Continued on next page
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Introduction, Continued

In This Lesson

MCI Course 1373A

This lesson contains the following topics:

Topic See Page

Introduction 1-3

Bridge Reconnaissance 1-5

Components of a Building Structure 1-11
Critical Points in a Building Structure 1-14
Bypasses 1-15
Demolition Reconnaissance Record 1-16
Identification of Critical Points on a Demolition Target 1-20
Prepare Estimates for Explosives 1-26
Prepare Task Oriented Sketches 1-31
Lesson 1 Exercise 1-34

1-4
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Bridge Reconnaissance

Bridge
Definition

Bridge
Components

Approaches

Substructure

MCI Course 1373A

To conduct a reconnaissance of a bridge, you must understand what a bridge
is and what its components are. A bridge is a structure that carries a roadway
or railway over a depression or obstacle. A bridge that is completely
supported by its two abutments (end supports on each embankment) is called
a single span bridge. A bridge that has one or more supports between the
abutments is a multi-span bridge. From a military standpoint, bridges either
already exist in an area of operations or must be constructed for military
purpose during the course of an operation. Since existing bridges vary in size
and complexity, it is the military engineer who must reconnoiter and classify
bridges. Military bridges that are constructed by the military engineers have
classifications that have been predetermined and are built to accomplish a
specific mission.

The major components of a bridge are basically the same on any bridge;
while they may look different, their purpose and nomenclature remain the
same. The main components of a bridge are

e Approaches
e Substructure
e Superstructure

The approaches are the sections of the route leading up to the bridge.
Approaches serve as good areas for mines and booby traps and should always
be thoroughly reconnoitered. They are always man made and must be
considered along with the bridge itself as part of the structure. Approaches
are constructed in two ways.

e Using fill that is used to bring the road up to the level of the bridge
e Making cuts to bring the road down to the level of the bridge

The substructure is the portion of the bridge that lies beneath the roadway that
transfers the weight of the bridge and any subsequent loads crossing the
bridge to the ground. The substructure includes

e Abutments
e Intermediate supports

Continued on next page
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Bridge Reconnaissance, Continued

Superstructure

Bridge

MCI Course 1373A

The superstructure is the upper portion of the bridge and consists of five basic
components:

Stringers
Flooring
Curbs
Railings
Trusses

The illustration shows a bridge depicting the three major components.
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Decking
Handrail

=
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Tread — ' Support
Abutment
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Fill ~=Length» ~Length-» :
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Abutment NI 2 ‘ /| Abutment
---Approach »|<—- Span Length, —|-<-Approach —»

Abutment to Abutment

Continued on next page
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Bridge Reconnaissance, Continued

Stringers

Flooring

Curbs

Railings

Trusses

Required
Information

MCI Course 1373A

Stringers are the main load-carrying components of the superstructure. They
rest on and span the distance between the abutments and intermediate
supports. Stringers receive the load from the flooring and transfer it to the
substructure.

Flooring consists of two parts: decking and tread. While this is not always
the case, it is the most common style of flooring. The decking is laid at right
angles to the bridge centerline and directly over the stringers. The tread is
laid parallel to the centerline and directly on the decking. It protects the
decking and adds strength to the superstructure.

Curbs are usually placed at both edges of the tread to guide vehicles across
the bridge. A vehicle with an axle wider than the curbs will not be allowed to
cross over the bridge.

Railings are built along the edges of the bridge and are used to guide drivers
and to protect both vehicular and foot traffic.

Trusses can be located either above or below the traveled way and are
designed to increase the load-carrying capacity. Trusses are structural
elements made of several components joined together to form a series of
triangles.

The five areas from which measurements must be taken to complete a bridge
reconnaissance are

Number of stringers

Length of each span

Width of the traveled way
The general condition
Additional bridge information

Continued on next page
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Bridge Reconnaissance, Continued

Number of Each stringer must be measured to complete any required calculations.
Stringers in Subsequently they must be measured for each span in order to determine if
Each Span there is a weak span as a bridge can only be classified by its critical (weakest)

span. Exact and complete dimensions must be taken for each stringer.

Span Length Span length is measured from the center-to-center of supports. It is
imperative that this be accurate because it is used to determine the critical
span. Actual measurements are taken to prevent error. There will be
occasions where the critical span can be determined by looking at a bridge,
i.e. one span is twice the length of all the others. When this is the case, that is
the only span that needs to be classified.

Width of the This is the area between the inside faces of the curbs. The horizontal width
Traveled Way  on most bridges is measured one foot above the tread. On truss bridges with
trusses above the tread, the measurement is taken 4 feet above the tread.

General The general condition of the bridge must be noted so that it can be taken into

Condition consideration when classifying the bridge. Pay particular attention to any
evidence of damage, either natural (rot or rust), or combat related. Other
areas may be cracks or erosion, basically anything that is no longer the same
as when the bridge was built.

Continued on next page
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Bridge Reconnaissance, Continued

Additional
Information

Bridge
Classification

MCI Course 1373A

The following list includes items of interest or unique to the target bridge:

Are approaches described and is anything of note discussed?

Its geographical features, e.g., is it over water and does it flood?

What are the abutments made of and is there erosion?

What is the intermediate support foundation condition and construction
material?

Is the bridge structure, tread condition, style of bridge mechanized?
Repair information with estimates when applicable.

Alternate crossing routes, bypasses, fords, and proximity to other bridges.
Demolition information, number, placement and size of required charges.
Does it need additional columns?

Bridge sketches as required by mission.

To complete the reconnaissance, you must know how to classify a bridge.
With this knowledge, you will understand what types of equipment and
personnel the bridge will be able to handle.

Note: Refer to Appendix A, Metric Conversion Chart and Appendix B,

Bridge Classification, taken from FM 5-170, for more information on
bridge classification.

Continued on next page
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Bridge Reconnaissance, Continued

Bridge
Reconnaissance
Report Form

DA Form 1249

MCI Course 1373A

The Bridge Reconnaissance Report (DA Form 1249) is used for an individual
bridge. This is a standard form that has required information but also allows

for continuation or expansion.

The illustration below shows what is required on each line of DA Form 1249.

Bridge Reconnaissance Report, DA Form 1249

BRIDGE RECONNAISSANCE REPORT
For use of this form, see FM 5-36:_the proponent agency is USCONARC.

SIGNATURE ; =) Q

"SRR NG BN

recgnnaisse

et Poe Copt. A o BSHTENBN

grade, dmd unit of officer or NCO making

MAPS (Country, scale, and sheet number or name)

uS.

1:25,000 V334S Edition

2 Nima.

DATI/UME GROUP (O signatire)

/70600Z Nov. 03

ESSENTIAL BRIDGE, INFORMATION

CLUARANCE

SPANS

LOCATION

' 2 3 a s

LENGTH

AND
CONDILTION

B

as
clearance, bridge by-pass)

verall length, roadway widih, vertical

1 [123456|co(2.1] |

ak

[EX

Mil Load

Class

Y

DA rorm 1249
. 60

t Jur

PREVIOUS EDITION OF THIS FORM 1S ORSOLETE.
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Components of a Building Structure

Components

Foundation

Foundation
with Footings

MCI Course 1373A

The following are the components of a building structure:

Foundation
Exterior Walls
Interior Walls
Header

Roof

All foundations have certain characteristics in common. Foundations are load
bearing, which means that the weight of the structure is being supported on
the foundation. Foundation types are dependant on the load-bearing capacity
of the soil they are built on. Piers (posts in the ground) are used when the soil
has little or no load-bearing capacity. Piers are commonly used in and around
water. They extend down through the saturated or unstable soil to suitable
load-bearing soil or bedrock. Most other foundations are a variation of a
wall, which is supported on footers (a pad that is wider than the wall resting
on it). Footers are usually concrete, equal in height, and twice the width of
the wall they support i.e., an 8-inch wall would rest on an 8-inch thick, 16-
inch wide footer.

This illustration below shows the different types of foundations with footings.
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Continued on next page
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Components of a Building Structure, Continued

Exterior Walls

Wall
Construction

Interior Walls

Header

MCI Course 1373A

Exterior walls are load-bearing walls that transfer the weight of the building
to the foundation of the building. Above each opening (doors and windows)
in wood frame structures will be a header to transfer the weight around the
opening. In a single story building, the exterior walls support the roof. In
multiple level buildings, the exterior walls support the floors and walls above
it, as well as the roof.

The illustration below shows the typical wall construction with openings and
headers.

Cripple (Jack) Studs New Stud Double Top Plate Crip% (Jack) Studs
| 5 A I]
h| | / Il 4
He;der \ / He;der
Rough |_ \ /
Opening
| Trimmer_|, ||| | \ / ]
g&:)ds?u X Trimmer
¥ / \\ Studs
/ N . New Studs | |
/ N Not 16" O.C.
| / / \ SubIloor 33'9 |

Vv |
Jack Studs Sole Diagonal Bracing

Interior walls can be either load bearing or non-load bearing. A non-load-
bearing wall is nothing more than a partition within the building, which is
used to create separate rooms within a building. Even though the wall is not a
load-bearing wall, all the doors will have headers above them just like the
exterior walls. The load-bearing interior walls support the structure above
them and usually run from one exterior wall to another. There is support
under these walls to transfer the weight to the foundation or ground, often in
the form of a beam. There may be intermediate piers supporting these walls,
which transfers the weight to the ground.

Headers are over doors, windows, and openings in the walls in all wood
frame construction. Headers are reinforced wall sections that rest on studs,
which are located on either side of the opening. These studs transfer the
weight to the floor below.

Continued on next page
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Components of a Building Structure, Continued

End View The illustration below shows an end view of a typical header.

\<\§——— Flashing

y Blocking
,// Header
C \ - Casing
u -] Head Jam

Exterior Door

17— Combination Door

L
\ﬂ/ LMH Insert
l Glass

Roof Regardless of the style, the roof includes all materials above the walls to
include

Trusses

Sheathing

Exterior weatherproof layer
Joists
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Critical Points in a Building Structure

Foundation

Load-Bearing
Walls

Foundation
Plan

MCI Course 1373A

The foundation is a critical point in any structure. If the foundation fails, the
structure fails. If the structure is going to be utilized i.e. billeting, storage, or
headquarters, it must be inspected for structural integrity. The condition of
the foundation is important. If the foundation is rotting or crumbling,
depending on the material, it should not be used. Signs of rot mean that the
weight the structure was designed to support is no longer being supported
adequately. Using a structure with a damaged or failing foundation is
dangerous and should be avoided.

A load-bearing wall is also a critical point in a structure. Any wall that is
determined to be a load-bearing wall should also be inspected to verify that it
is still performing its designed purpose and will continue to support the
required weight.

The illustration below shows a foundation plan with an interior load-bearing
wall.

2" x 10" x 10' Joists
24 x 24 Footer 12 x 12 Pier!

E Laminated Girder 8" Wall—
! 3 Pieces (2 x 8) i

16"w x 8H

—_—

Footer
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Bypasses

Bypass Bypasses are alternate routes that allow you to reach your objective in an

Requirements  acceptable amount of time. Bypasses that are limited to specific vehicle
types, such as those capable of swimming or deep-water fording, are noted on
the reconnaissance report. Bypasses are classified as easy, difficult, or
impossible. Each type of bypass is represented symbolically on the arrow
extending from the tunnel, ford, bridge, or overpass symbol to the map
location.

Bypass Symbol  The illustration below shows a bypass symbol.

[ Bypass easy. Use when the obstacle can be
crossed in the immediate vicinity by a US 5-ton
-——1 |truck without work to improve the bypass.
Bypass difficult. Use when the obstacle can be
crossed in the immediate vicinity, but some work
to improve the bypass is necessary.

d———_l_ Bypass impossible. Use when the obstacle can be
crossed only by repairing or constructing a feature

. [ |or by detouring around the obstacle.
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Demolition Reconnaissance Record

Demolition
Reconnaissance

DA Form
2203-R (Page 1)

MCI Course 1373A

The Demolition Reconnaissance Record (DA Form 2203-R) should provide
all the information required in relation to the target. It is the proper form used
for a demolition reconnaissance report. There are also sketches attached to
the form. These documents will be your primary source of information for

preparing a target folder.

The illustration shows page 1 of a DA Form 2203-R with information.

DEMOLITION RECONNAISSANCE RECORD

For use of this fom see FM 5-250; the proponent agency is TRADOC.

SECTIONI-GENERAL

L. FILE NO. NAME AND RANK ORGANIZATION
. H RECON \ X - s
2. DEMOLITION RECON REPORT NO. ORDERED BY C ol Toin e 3 /= 2, S
3. DATE ) LTME 6 PARTY o . Y4
g MAY Dexid | [25E LEADER Goosed Toe, uine |C oo 17 €ny 3,
7. MAP INFORMATION |1, GENERAL DESCRIPTION: (Aftach sidiches)
Type Construction  Other Deta " Condiion
Nome /3 rvari 2 ¢ € O Eanth O Roadway width __{F Mo _ididadic
- Lo =7bTel < - O Timber O Number bridge spans .. S5 P2 —
s [ 8 25 XA & Concrete O Number of fanes €7 7 A
SheetNo. 1/ X ; &3 O Steel O Bridge Cliss: W- 420 {32 —
[Serics No. 2 AT
8. TARGET AND LOCATION 12. NATURE OF PROPOSED DEMOLITION (Auach sketches.) a—
: y * Ay ; s e p
Hidduse y Biscdoe Fefho e/ DeSHrocran
9. TIME OBSERYED J 13. UNUSUAL FEATURES OF SITE: . y o
/73 -] High Tension R &satel Loder b7 dge.
. (O Radar Instalation G
10.COORDINATES 2 34/5% 7 F 1 Underwater Blasting [

SECTION 11 - ESTIMATES

Detennine availability of Htems 14, 15, and 16 before conducting reconnaissance.

14. UNIT

TYPE MISSION

or
MATERIAL REQUIRED 1SsUE

CRATERING CUTTING OTHER/SPEC PURPOSE

15. EQUIPMENT AND TRANSPORT REQUIRED (Evamples:
trucks, ram sets and cartridges, demolition scts. post-hole diggers,
nails, adhesives, tape, sandbags, and lumber,)

NOTE: Troops may not ride in vehicles transporting explosives.

peso sE75 0 (1)

Electric caps EA . -~ R

[Nanelectric caps EA Posl Hete 74}' OUR

Detonating cord FT — =

3 ;1)( LwsIbes e K,
Time Fuse FT . 4
s 4 ity Ewa

Fuse Lighters LA £ B s R Flepi

Firing Wire T ( Cewn PS

[Ficing Device EA 16. PERSONNEL AND TIME NCOs| ENL | Time

(Specity type.) REQUIRED FOR:

Explosive: 4. Preparing end placing charges PETZIEYS
INT, 14 - LB EA b. Arming end firing demolition A& e
™T, 1218 EA 17. TIME, LABOR, AND EQUIPMENT REQUIRED FOR

= BYPASS (Specif location and method. Specify cquipment 10
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Demolition Reconnaissance Record, Continued

DA Form The illustration shows page 2 of a DA Form 2203-R with information.
2203-R (Page 2)

DEMOLITION RECONNAISSANCE RECORD

Place additional comments in the appropriate blocks.

15. EQUIPMENT AND TRANSPORT REQUIRED (Continved)
Hmmieoy (1) 7 Franspors Blsting Caps
T T Frecks~ ) T ransPert Demo

(D Trenspurs  PefScanes

17. TIME, LABOR, AND EQUIPMENT REQUIRED FOR BYPASS (Continued) -
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A interier bey and X rast? BayS = 3G mp, &S -
q) CemPany ; 3drs.

18. REMARKS (Continued)

19. ADDITIONAL COMMENTS (Specify block.)

Page 2, DA Form 2203-R, May 92
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Demolition Reconnaissance Record, Continued

DA Form
2203-R (Page 3)

MCI Course 1373A

The illustration shows page 3 of a DA Form 2203-R with information.

DEMOLITION RECONHAISSANCE RECORD
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Demolition Reconnaissance Record, Continued

DA Form

2203-R (Block
20)

The illustration shows block 20 on a DA Form 2203-R with information.
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Identification of Critical Points on a Demolition Target

Bridge
Demolition

Types of Bridge
Construction

Simple Span
Fixed Bridges

MCI Course 1373A

There are two goals in bridge demolition:

e Disable the bridge by creating a gap large enough to make repair
uneconomical.

e Force the enemy to reroute or rebuild by destroying the bridge completely.

This usually involves destroying all components of the bridge. As previously
discussed, stringers run lengthwise of the bridge and directly support the
decking. Girders are two stringers running lengthwise along a bridge and
serve as the main load bearing members. The following table shows the three
components to trusses.

Lower Lowest member in a truss panel and
runs parallel to the deck
Upper Upper member in a truss panel
Intermediate Members between the upper and
lower chords and transfers the load
between the two

There are 10 different types of bridge construction. Bridges may look
aesthetically different but they will fit into one of these structural types. It is
important to know these different types, as the demolition process is different
for each type of bridge.

A simple span fixed bridge is only supported on the ends and is the most
common type of fixed bridge. The stringer or girders are of a uniform depth
and are supported only at the ends (abutments). If there are trusses on the
simple span fixed bridge they are usually of uniform height or higher in the
center of the span. The methods of demolition are:

e Cut the bridge at mid-span allowing the bridge to buckle and fall into the
gap.

e Cut the truss or girder at the up-stream end of the bridge near the
abutment using the appropriate formula for the construction material.

Continued on next page
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Identification of Critical Points on a Demolition Target,

Continued

Continuous
Span Fixed
Bridges

Timber
Stringer
Superstructure

Steel Stringer
Superstructure

MCI Course 1373A

Continuous span fixed bridges are bridges that are simply supported bridges
with one intermediate support (pier) in the middle. These bridges have
superstructures that are continuous over the intermediate support. The trusses
of these bridges are highest over the supports and are connected at both top
and bottom chords. The methods of destruction for these bridges are to cut
the span on either side of the intermediate support (complete destruction)
using the rule of thumb that the charges are placed at a point three-fourths the
total span length from the pier. If time and explosives are available, use
breaching charges to destroy the pier as well.

These bridges are used extensively in the theater of operations for short-span
crossing or in multiples of short spans for longer crossings. They are
commonly constructed and used by the military where the spans are rarely
over 20 feet. The method used to destroy the bridge is to cut the timber
stringer superstructure and the formula for determining the size of the charge
is pounds of explosive equals diameter squared divided by 40.

P=D’
40

Steel stringers are used in simply supported span up to 90 feet and in
continuous span bridges with clear span up to 120 feet. These steel stringers
come in two variations, rolled shapes with spans to 90 feet and beams with
welded steel plates with spans of between 60 and 120 feet. The method of
destruction is to cut the steel stringer superstructure by utilizing steel cutting
charges to each stringer. The formula for this is pounds of explosive equals
three-eighths times the area.

P=3/8 A

Continued on next page
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Identification of Critical Points on a Demolition Target,
Continued

Steel Girder Steel girders are usually used for spans of 100 to 350 feet. They are used

Superstructure  when spans are too long for standard roller shapes. They consist of two large
built-up flexed members that support the decking. Girder bridges are
normally continuous construction and often deepened above the intermediate
supports. The method of destruction for this bridge is to cut the steel girder
superstructure by the use of the steel cutting formula: Pounds of explosives
equals three-eighths times the area.

P=3/8A
Composite Reinforced concrete is attached to the top of the steel stringers. In steel
Steel/Concrete  stringer bridges, the only purpose of the concrete decking is to transfer the
Stringers load to the steel stringers. It is difficult to recognize composite steel from a

steel stringer bridge. The method of destruction for this type of bridge
requires two separate formulas, one for the steel and one for the concrete
decking. The composite steel/concrete stringer substructures by placing steel
cutting charges and concrete breaching charges to cut the steel stringers and
secondly breech the concrete deck above each stringer. The two formulas are

e Pounds of explosive equals three-eighths times the area for the steel

e Pounds of explosives equals breaching radius (cubed and measured in
feet) times material factor (K) times the tamping factor (C) (see the
illustration on the following page).

Steel formula-P = 3/8 A Concrete formula-P = R*’KC

Continued on next page
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Identification of Critical Points on a Demolition Target,

Continued

GTA Card

MCI Course 1373A

The illustration shows Table 8 from the GTA Card 5-10-33.

Material R (m) K
Earth All Values 0.07
Poor masonry, shale, hardpan, good | Less than 1.5 0.32
timber and earth construction 1.5 or more 0.29
Good Masonry, concrete block, rock | 0.3 or less 0.88
Over 0.3 to less that 0.9 0.48
0.9 to less than 1.5 0.40
1.5 to less than 2.1 0.32
2.1 or more 0.27
Dense concrete, first-class masonry | 0.3 or less 1.14
Over 0.3 to less than 0.9 0.62
0.9 to less than 1.5 0.52
1.5 to less than 2.1 0.41
2.1 or more 0.35
Reinforce concrete (concrete only; 0.3 or less 1.76
will not cut reinforcing steel) 0.3 to less than 0.9 0.96
0.9 to less than 1.5 0.80
1.5 to less than 2.1 0.63
2.1 or more 0.54
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Identification of Critical Points on a Demolition Target,

Continued

Tamping
Factor

MCI Course 1373A

The illustration shows the tamping factor illustration from the GTA card.

Reinforced Coron & Tamped Or Deep Elevated  Shallow Earth iy
Concrete Mass Stemmed  Water Untamped Water  Tamping Untamped
Thickness l ‘ ' ’
(ft) =W ¢
0]C=10 | C=18| C=20]| C=20]|C=36 |
Packages of M112 (C4)
2.0 1 5 5 9 10 10 17

2.5 2 9 9 17 18 18 33

3.0 2 13 13 24 26 26 47

3.5 4 21 21 37 41 41 74

4.0 5 31 31 56 62 62 111

4.5 7 44 44 79 88 88 157

5.0 9 48 48 85 95 95 170

5.5 12 63 63 113 126 126 226

6.0 13 82 82 147 163 163 293

6.5 17 104 104 186 | 207 207 372

7.0 21 111 111 200 | 222 222 399

7.5 26 137 137 245 | 273 273 490

8.0 31 166 166 298 | 331 331 595

Conversion Factor for Table
(Material Factor [k] Use with Table)

Earth Ordinary masonry, hardpan, shale, | Reinforce concrete,
ordinary concrete, rock, good first class masonry
timber, and earth construction

0.1 0.5 0.7
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Identification of Critical Points on a Demolition Target,

Continued

Reinforced
Concrete Slab
Superstructure

Reinforced
Concrete T-
Beam
Superstructure

Floating
Bridges

MCI Course 1373A

The reinforced concrete slab is an efficient structure for spans of less than 25
feet. Spans can be continuous as long as they are over intermediate supports.
The method of destruction is placing breaching charges across the width of
the slab to breach it. The formula used is pounds of explosives (P) equals
breaching radius (R)(cubed and measured in feet) times material factor (K)
times the tamping factor (C).

P=R’KC

Reinforced concrete T-Beam superstructures are used in simple spans of 30 to
60 feet and can be used for continuous spans over intermediate supports for
spans up to 100 feet. The T-Beams provide greater depth over the
intermediate supports. The method of demolition for these bridges is to place
breaching chargers against the sides and bottom of each beam. Then place
breaching charges on the deck above each beam. The charges are calculated
by using the breaching formula pounds of explosives equals breaching radius
(cubed and measured in feet) times material factor times the tamping factor.

P=R’KC

These bridges are traditionally made of rubber and are pneumatic in nature.
Regardless of the construction, i.e. aluminum, pneumatic, and wood, they all
must be anchored to the shore or supported by boats. The method of
destruction for floating bridges is to sever the anchor lines and cut the bridge
at the midway point of the river utilizing the appropriate formula for the
construction material. This method will allow the current to take the bridge
away and render it useless. If the intent is to sink a pneumatic bridge, a single
wrap of detonating cord will penetrate the rubber and sever the inlet valves.
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Prepare Estimates for Explosives

Material
Identification

Types of
Charges

Number of
Charges

Charge Size

MCI Course 1373A

Before calculations are performed, the destroyed material must be identified.
The formulas used to perform the calculations vary by destroyed material.
Some examples of materials are wood, steel, ice, soil, concrete, and
reinforced concrete. When dealing with concrete, determine whether or not it
is reinforced. If you are not sure, treat it as reinforced.

The material the target is constructed from and the equipment available for
placing the charges determine the type of charge required to perform the
mission. It is impossible to perform an internal charge if you don’t have a
drill or other means of creating a hole for the explosives. The type of
explosive available for use will also impact the charge selection. There are
cutting charges, breaching charges, boring charges, cratering/ditching
charges, and special demolition techniques.

The number of charges required to accomplish the target destruction will
depend on the target. If the charge to be implemented is for cutting stringers,
the number of charges is multiplied by the number of stringers to be cut. For
ditching or cratering the number is calculated the same way as breaching
charges are. If breaching charges are being utilized, the width of the target
will dictate the number of charges and is calculated by using the number of
charges equals the width of a target divided by two times the breaching
radius.

N=W
2R

The size of the charge will always be calculated using TNT as the explosive.
If another explosive is used, a conversion from TNT to the other explosive
must be performed. Charge size will be based on the target the calculations
used and are designed to determine the correct amount of explosives to do the
job without wasting explosives and over-doing the job. Once the size of the
individual charge is determined, the amount from one charge is multiplied by
the number of charges to get the total explosives required to accomplish the
mission.

Continued on next page
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Prepare Estimates for Explosives, Continued

Steel Cutting
Charges

Determining
the Area of
Steel

Measurements

Steel Cutting
Formula

MCI Course 1373A

Steel cutting is one of the most common calculations performed by engineers.
There are so many scenarios where steel is involved, i.e. bridge demolition,
communication towers, steel gates, or disabling enemy artillery that this
formula needs to be second nature. In any steel cutting, the area of steel in
square inches to be cut must be determined to perform the calculation.

When the area is discussed in relation to steel cutting, it is always expressed
in square inches. When dealing with shaped steel, i.e. [-beam, cable, bar, or
channel iron, the area is determined by viewing the cross section and
measuring (in inches) the height and width of each section. The height and
width measurements are multiplied by one another to give square inches.

The illustration shows the measurements on shaped steel.

46.5t;m —f<-2.5cm
¢ * -\Web

<—Flange

The steel cutting formula is pounds of TNT equal three-eighths timés the area
(in square inches) of the steel to be cut.

P=3/8 A

Continued on next page
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Prepare Estimates for Explosives, Continued

Steel Cutting The following is an example of a steel cutting calculation. This calculation is

Calculation for a steel I-beam with the following measurements; web height is 18 inches
in height by 1 inch in width and the two flanges are 8 inches wide by 5/8
inches thick. The flanges and web are broken down into three separate
rectangles and the area is figured for each rectangle. The three areas are then
added together to get the total area of steel to be cut.

A=(8x5/8)+ (8 x5/8)+ (18 x1), Convert 5/8 to a decimal by dividing 5 by
8 which equals .625 inches.

A = (8x.625) + (8x.625) + (18 x1)
A=5+5+18 '
A =28 Square inches

Complete the calculations by inserting the area into the steel cutting formula.
P =3/8 x 28, (3/8in decimal is .375). P =.375 x 28, which is 10.5. The 10.5
represents the number of pounds of TNT it will take to cut the I-beam.

Breaching The following is an example of a concrete breaching calculation. The target

Charges will be one of four reinforced concrete stringers on a bridge. The stringer is
36 inches thick and 24 inches wide. The formula that is used for determining
the size of a breaching charge is P = R’KC. P refers to pounds of explosives,
R’ refers to breaching radius cubed (in feet), K refers to the material factor
and C refers to the tamping factor (found on page 9 of the GTA 5-10-33).
This formula requires the measurements to be in feet, so our breaching radius
is 3 feet vice 36 inches. The material factor is 0.8 and the tamping will be
elevated and untamped, which is 1.8, making our formula for this stringer as
follows:

e P=3’x08x138
e P=27x08x1.8
e P =38.88 pounds of TNT

Since TNT only comes in whole units, it will require 39 pounds of TNT to
breech this one stringer. In this scenario, there were four stringers on the
bridge so we will need four charges of 39 pounds to accomplish the mission.
The required TNT for this mission is 156 pounds.

Continued on next page
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Prepare Estimates for Explosives, Continued

Abutments

Abutments Less
Than 5-Feet
Thick

Abutments
Over 5-Feet
Thick

MCI Course 1373A

Abutments have two categories:

e Abutments less than 5-feet thick
e Abutments over 5-feet thick

The thickness of the abutment determines how the charges are placed to
destroy the abutment. Height also becomes a consideration. If an abutment is
over 20 feet in height, it will require breaching charges to be placed on the
gap side of the abutment as well.

When the abutment is less than 5-feet thick, charges are placed using the
triple nickel forty process. This process includes placing 40-pound cratering
charges on 5-foot centers, 5-feet deep, and 5 feet from the face of the
abutment. The number of charges depends on the width of the abutment. The
first charge is placed 5 feet from either end of the abutment and the charges
are placed every 5 feet after that until a distance of 5 feet or less remains to
the other end.

When the abutment is over 5-feet thick, charges are placed against the rear
face of the abutment at a depth equal to the thickness of the abutment. The
size of the charge is determined using the breaching formula, and the spacing,
i.e. the number of charges is determined by using the formula number of
charges (N) equals the width of the abutment divided by two times the
breaching radius. If the abutment is 6-feet thick, then our breaching radius is
6 feet. The abutment is 28-feet wide so the calculations are

e P=6’x063x1,50P=216x0.63x1
e P=136.08 or 137 pounds of TNT

Now the number of charges required needs to be determined. To do that, the
formula of N = W divided by 2R would be

N =28
2(6)

N=28
12

N = 2.33; therefore, three charges of 137 pounds will be necessary to
complete the mission.

Continued on next page
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Prepare Estimates for Explosives, Continued

Placements of

Charges and
Diagrams

Abutments of
More Than 20
Feet in Height

MCI Course 1373A

The illustration shows the placements of charges and diagrams.

Legend Notes:
N = Number Of Charges; Round Up To Next Higher Whole Number 1. Abutment Thickness

P = Amount Of TNT Needed, In Pounds Is Measured 5' Below
2 = ;hioknessF of Ab#tmer;:t, In F?:; Pace 015 Road Surface.
= Tamping Factor From Figure 9-9, Page 9-1
K = Matarial Facior From Table &-6, Pags 0-17 Abutment
W = Pier, Slab, Or Wall Width, In Feet
1 1
|5t (1.5 m) Or Less Thick | | Over 5 ft (1.5 m) Thick |

2. Distance Between
Charges Is Equal to 2R.

| 20 ft (6 m) Or Less High| [Over 20 ft (6 m) High | || 20 ft (6 m) Or Less High | [Over 20 ft (6 m) High |
1 I Top = Triple Nickle Forty | 2 3 Top = Breaching Charge l 4
= % -1 Bottom = Breaching Charge
w For Both
N=3R P = RKC Charges
1.5' m P=RKC
B P o S e . N v s | § S i |
f 2T it
1.5m] |, Emremd L6 m| = [+ R~ Lgml=® =R~ L.gm
-7 ’Less —D -~ 1[0« - |or| 1
1.5 m Or Less
L
40-lb Charges H Over1.5m
Spaced §' Apart NOTE: If You Cannot = [Over15mp

1.5m Or Less Reach R, Use C = 2.0.

All abutments whose height is over 20 feet will require secondary bottom
breaching charges. These charges are used to enhance the primary breaching
charges by providing a counterforce blast as well as weakening the bottom of
the abutment. All of this aids in destroying the abutment and dropping it in
the gap. These charges are calculated in the same manner as the breaching
charge, except that the tamping factor C will always be 3.6. Using the same
example, we get

P=6"x0.63x 3.6,s0 P—-216 x 0.63 x 3.6, which means P = 489.88 or 490
pounds of TNT. The number of charges will remain the same as the primary
breaching charges because the width remains the same.
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Prepare Task Oriented Sketches

Types of
Sketches

Site Plan/Area
Sketch

MCI Course 1373A

There are three basic sketches that may be involved in an engineer/
demolitions reconnaissance:

e Site plan/area
e Side elevation
e C(Cross-sectional

If the target is a bridge, the cross-sectional sketch is of the critical span and an
additional sketch of the stringer of girder.

This is a sketch that shows the area surrounding the target as well as the
target. It will include any landmarks, roadways, bridges, and north
orientation. If a river is present, show the direction of flow. The illustration
below shows a completed site plan/area sketch.

LOA
(PL CHARLIE)

PL MARSHALL

- l PL BRADLEY

Continued on next page
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Prepare Task Oriented Sketches, Continued

Cross-Sectional  This is the sketch of the target from which most of the calculations are made

Sketch for destruction of the target. If the target is a bridge, the cross section will be
of the critical span. This is done so that accurate calculations are made. If the
target is a bridge, an additional cross-sectional sketch is required for the
stringers. This is important for the proper calculation of demolition
requirements. The illustration below shows a completed cross-sectional

sketch.
Deck
Bridge
Through
[ 1T T 1A Bridge Plate Girder
| - Beams
Deck
DeCk T I T T T 1T 71T 713

Bridge \
Steel Box Cross Girder Stringers
L@djf_j

Side Elevation  This is a ground view of the target. This shows as much detail that can be

Sketch included in the sketch. For a bridge, it would include bridge, abutments,
intermediate supports, handrails, water level and location, ground contour,
and measurements of each.

Continued on next page
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Prepare Task Oriented Sketches, Continued

Completed Side
Elevation
Sketch,
continued

MCI Course 1373A

The illustration shows a completed side elevation sketch.

10"

1-33

Study Unit 1, Lesson 1






Lesson 1 Exercise

Directions

Item 1

Item 2

Item 3

Item 4

MCI Course 1373A

Complete exercise items 1 through 6 by performing the action required.
Check your answers against those listed on the reference page.

Which are the three components of a bridge?

a. Security, ambush, and economy of force
b. Truss, Deck, and Studs

c. Approach, substructure, and superstructure
d. Flashing, header, and foundation

The components in a building structure are foundation, exterior walls, interior
walls, roof, and

a. footer.
b. header.
Cc. joists.
d. door.

A bypass is an alternate

a. route, which will allow you to reach your objective in an acceptable
amount of time.

b. route around an obstacle, which allows the foot mobile Marines to
continue the attack.

c. path to an enemy position allowing for an unobserved approach.

d. attack route that approaches the enemy from the flank.

Which record is used to provide all information required in relation to the
target?

Identification Record

Demolition Reconnaissance Record
Building Record

GTA

e o

Continued on next page
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Lesson 1 Exercise, Continued

Item 5 The two goals in bridge demolition are to disable the bridge by creating a gap
large enough to make repairs uneconomical and

force the enemy to reroute or rebuild by destroying the bridge completely.
enable the enemy to cross the water.

make the enemy give up.

force the enemy to make other plans.

o op

Item 6 Which type of sketch is shown below?

a. Situational

b. Cross-sectional
c. Target

d. Site Plan/Area

LOA
(PL CHARLIE)

PL MARSHALL

IIJ

PL BRADLEY

Continued on next page
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Lesson 1 Exercise, Continued

Solution

MCI Course 1373A

The answers to the exercise items are listed below. Check your answers
against those listed on the reference page.

Item

Answer

Reference Page

1

C

1-5

1-11

1-15

1-16

1-20

NN WIN

ale |ole |o

1-31

1-36
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LESSON 2
APPROPRIATE PROTECTIVE MEASURES

Introduction

Scope This lesson describes the process and procedures for properly implementing
appropriate protective measures when employing demolitions.

Purpose The purpose of this lesson is to provide you with the skills and knowledge
necessary to determine what appropriate protective measures are required
while conducting demolition operations.

Learning At the end of this lesson, you should be able to
Objectives

Identify the safety precautions required to be in place during detonation.

Identify the hazards of explosive detonations.

Identify blast pressure and potential injuries.

Evaluate an explosive charge for its minimum safe distance.

In This Lesson  This lesson contains the following topics:

Topic See Page
Introduction 1-37
Evaluation of an Explosive Charge 1-38
Safety Precautions During Detonation 1-41
Hazards of Detonating Explosives 1-46
Blast Injuries 1-48
Protective Measures 1-49
Lesson 2 Exercise 1-52
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Evaluation of an Explosive Charge

Available
Explosives

Characteristics
of Military
Explosives

Relative
Effectiveness
Factor

MCI Course 1373A

There are several types of explosive available to the combat engineer in the
Marine Corps. This is not an all-inclusive list as there are specialty
demolitions, which will not be included. The explosives include

Trinitrotoluene (TNT)

Tetrytol

Composition-4 (C-4 (M5A1 and M112))
Sheet explosive (M118 and M186)
Dynamite (M1)

Detonating cord

Pentaerythrite tetranitrate (PETN)
Cyclotrimethlenetrinitramine (RDX)
Cratering charges

Bangalore torpedo

Shaped charges (M2A4 and M3A1)

Military explosives must be

e Relatively insensitive to shock or friction
Capable of shattering

e Adequately energized (high energy output per unit volume) for
demolitions

e Stable to retain their usefulness for a reasonable time when stored in
temperatures between —80 and 165 degrees fahrenheit
Composed of high-density materials (weight per unit volume)
Suitable for underwater use in damp climates

e Minimally toxic when stored, handled, and detonated

The relative effectiveness (RE) factor compares from one type of explosive to
another. The explosive that serves as the base for these factors is TNT. All
calculations are performed to determine the amount of TNT required and the
results are converted to the explosive to be used. TNT has an RE factor of
1.0. Those explosives that detonate at a slower rate will have RE factors of
less than one, while those that detonate at a higher rate will have RE factors
of more than 1.0. Every explosive has its effectiveness rated against TNT and
assigned a number, which is known as the relative effective factor.

Continued on next page
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Evaluation of an Explosive Charge, Continued

Trinitrotoluene
(TNT)

Tetrytol

Composition-4

(&)

Sheet Explosive

MCI Course 1373A

TNT is the most common military explosive. TNT is a standard explosive
and has an RE factor of 1.0, therefore it is used to rate other military
explosives. TNT is primarily used for breaching charges. It has a detonation
velocity of 22,600 feet-per-second and has an excellent resistance to water. It
comes in two sizes, one pound blocks (48 to 56/box) and 2 pound blocks (96
to 106/box) and % Ib for training..

Tetrytol is commonly used as a demolitions breaching charge. Itisa
composite made from tetryl and TNT. Tetrytol is more powerful than its
individual components. It is better at shattering than TNT and is less
sensitive than tetryl. It has an RE factor of 1.2 and detonation velocity of
23,000 feet/second. Its resistance to water is excellent.

Composition-4 (C4) is used as a breaching charge and cutting charge. It is
made up of 91 percent RDX and 9 percent nonexplosive plasticizers. It
functions in temperature that ranges from —70 to 170 degrees, however it
loses plasticity at lower temperatures. The RE factor is 1.34 and the
detonation velocity is 26,400 feet/second. Its resistance to water is excellent.

Sheet explosive is used as a cutting charge. It is easily applied to irregular
shapes and has an RE factor of 1.66. Its detonation velocity is 24,000
feet/second. Its resistance to water is excellent.

Continued on next page
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Evaluation of an Explosive Charge, Continued

Dynamite (M1)

Detonating
Cord

Pentaerythrite
Tetranitrate
(PETN)

Cyclotrimethle
Netrinitramine
(RDX)

Cratering
Charges

Bangalore
Torpedo

Shaped
Charges

MCI Course 1373A

Military dynamite contains 75 percent RDX, 15 percent TNT, and 10 percent
desensitizers and plasticizers. It is used mainly as a demolitions charge. Its
RE factor is .92 and its detonation velocity is 20,000 feet/second. Its
resistance to water is fair.

Detonating cord is made up of PETN inserted into a plastic casing. Its RE
factor is not considered since this is primarily a primer, however PETN has an
RE factor of 1.66. The detonation velocity is between 20,000 and 24,000
feet/second. Its resistance to water is excellent.

PETN is used in detonating cord, blasting caps, and as a charge itself. It has
an RE factor of 1.66. The detonation velocity is between 27,200 feet/second.
Its resistance to water is excellent.

RDX is used in blasting caps and composite explosives. It has an RE factor
of 1.6 and a detonation velocity of 27,400 feet/second. Its resistance to water
is excellent.

Cratering charges are 40-pound canisters of Composition H6 or ammonium
nitrate, with a composition TNT booster. It is used for creating craters and on
bridge abutments. The RE factor of composition H6 is 1.33 and ammonium
nitrate is 0.42. Detonation velocity is 23,600 foot/second for H6 and 8,900
feet/second for ammonium nitrate. While the water resistance of H6 is
excellent, ammonium nitrate has poor resistance.

The bangalore torpedo is made up of Composition B4 with Composition A3
boosters. It is mainly used for breaching. The RE factor is 1.17 and it has a
detonation velocity of 25.600 feet/second. Its resistance to water is excellent.

The shaped charge is mainly used as a cutting charge. It is made up of
Composition B with Composition A3 booster. They have an RE factor of
1.17 with a detonation velocity of 25,600 feet/second. Their resistance to
water is excellent.
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Safety Precautions During Detonation

General Safety  The following list explains the general safety procedures during detonation:

Considerations
[ ]

Do not attempt to conduct a demolition mission if you are unsure of the
demolition procedures; review references or obtain assistance.

Prevent inexperienced personnel from handling explosives.
Avoid dividing responsibility for demolition operations.

Use the minimum number of personnel necessary to accomplish the
demolition mission.

Take your time when working with explosives; make your actions
deliberate.

Post guards at all times to prevent access inside the danger radius.
Maintain control of the blasting machine or initiation source at all times.

Use the minimum amount of explosives necessary to accomplish the
mission while keeping sufficient explosives in reserve to handle any
possible misfires.

Maintain accurate accountability of all explosives and accessories.
Always store blasting caps separately and at a safe distance from other
explosives.

Ensure that all personnel and equipment are accounted for before
detonating a charge.

Ensure that you give warnings before initiating demolitions; give the
warning “Fire in the hole” three times.

MCI Course 1373A

Continued on next page
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Safety Precautions During Detonation, Continued

General Safety e  Guard firing point at all times
Considerations,

continued e Assign a competent safety officer for every demolition mission.

e Dual initiate all demolitions, regardless of whether they are single or dual
primed.

e  Avoid using deteriorated damaged explosives.
e Do not dismantle or alter the contents of any explosive material.

Note: Avoid missing live and inert (dummy) explosives.

Blasting Caps Blasting caps, both military and civilian, are extremely sensitive and can
explode unless handled carefully. Blasting caps can detonate if exposed to
extreme heat (cook-off). Military blasting caps are more powerful than their
civilian counterparts.

Note: Do not use blasting caps underground. Use detonating cord to prime
underground charges.

Continued on next page
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Safety Precautions During Detonation, Continued

Nonelectric

MCI Course 1373A

Use the following safety precautions for nonelectric.

Use only authorized equipment and procedures when crimping nonelectric
blasting caps to time fuse or detonating cord.

Maintain blasting caps in the appropriate cap box until needed. Never
store caps with explosives.

Do not carry loose blasting caps in your pocket or place loose caps in a
container; secure them.

Do not blow into a nonelectric cap or attempt to remove any obstructions
from the blasting-cap well. Remove obstructions that will dislodge by
using the wrist-to wrist tap method.

Do not insert anything but time fuse or detonation cord into a nonelectric-
blasting cap. Do not twist time fuse of detonating cord while attempting to
insert it into a blasting cap.

Do not attempt to crimp a blasting cap that is inserted into an explosive. If
the cap comes loose from the time fuse or detonating cord, remove the
blasting cap from the charge, recrimp the cap, and reinstall the cap in the
charge.

Avoid striking, pinching, and mashing nonelectric caps during crimping
activities. Use only the M2 crimpers for all crimping operations.

Cut the fuse to allow an interval of not less than 10 seconds between
firings when using nonelectric caps to dual prime demolition.

Continued on next page
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Safety Precautions During Detonation, Continued

Electric

MCI Course 1373A

Use the following safety precautions for electric:

e Do not remove the short-circuiting shunt unless you are testing or
connecting the cap. The shunt prevents accidental initiation by static
electricity. If the blasting cap has no shunt, twist the bare ends of the lead
wires together at least three times (180° turns) to provide a proper shunt.

e Use proper grounding procedures when static electricity is present.

e When transporting electric blasting caps near vehicles (including aircraft)
equipped with a transmitter, protect the blasting caps by placing the in a
metal can with a snug fitting cover (1/2 inch or more of cover overlap).
Do not remove caps from their containers near an operating transmitter
unless the hazard has been judged acceptable.

e Keep electric blasting caps at least 155 meters from energized power lines.
If using electric caps near power lines, temporarily cut the power to the
lines during operation.

e Be sure to use at least the minimum current required to fire electric caps.

e Cover connection between cap and blasting wires with tape not cardboard.

e Remove firing-wire loops and, if practical, bury blasting wires.

Continued on next page
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Safety Precautions During Detonation, Continued

Time Fuse

Detonating
Cord

Toxicity

Cutting

Explosives

MCI Course 1373A

To conduct a test, burn off at least 3 feet for each roll of time fuse, use the
following steps:

Step Action

1 Divide the burn time by three to get the seconds per foot rate of
burn for that role of time fuse. If you do not use the fuse within 24
hours of the test burn, perform another test before using the fuse.

2 Do not cut the fuse until you are ready to use it and never use the
first or last 6 inches of a roll.
3 Always cut the end of the fuse square. Rough or crooked cuts may

lead to misfires.

4 Avoid sharp bends, loops, or kinks in the time fuse, as this may

result in a break in the powder train and result in a misfire.

Do not carry or hold detonating cord by placing it around your neck. Do not
cut 6 inches off of detonating cord because 6-inch tails are standard from
taping and on knots to avoid moisture infiltration. Avoid sharp bends, loops,
or kinks in the detonating cord, as this may change the path of detonation or
cause the cord to cut itself.

Allow sufficient time for blast fumes, dust, and mists to clear before
inspection of occupying a blasting area. Most military explosives are
poisonous if ingested and will produce lethal gases if detonated in confined
spaces. Wash your hands after working with explosives and avoid touching
sensitive areas of your body prior to washing.

Cut explosives, including time fuse and detonating cord, with a sharp knife on
a nonsparking surface. Never use shears on plastic and sheet explosives.
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Hazards of Detonating Explosives

Missile Hazard

Noise

Incendiary

Blast Pressure

MCI Course 1373A

Explosives can propel lethal missiles great distances. The distances these
missiles will travel in air depend on the relationship between the missiles’
weight, shape, density, initial projection angle, and initial speed. Under
normal conditions, the missile-hazard area of steel-cutting charges is greater
than those of cratering, quarrying, and surface charges.

Permanent hearing loss can be caused from the noise and pressure wave from
blasts. Hearing protection should be worn during all blasting operations.
Personnel observing from the minimum safe distance should not be in danger
from the blast effects.

The incendiary thermal effect produced by the detonation of high explosives
varies greatly from one explosive to another. In general, a high explosive will
produce a short (fractions of a second) bright flash or fireball at the instant of
detonation. Unless highly combustible materials are involved, the thermal
effect plays an insignificant part in an explosion.

Should highly combustible materials be present and a fire started, the debris
resulting from the explosion may provide additional fuel and contribute to
spreading the fire. Incendiary thermal effects are generally the least
damaging of the primary detonation effects.

When an explosive charge is detonated, very hot, expanding gases are formed
in a period of microseconds. These gases exert pressures of about 700 tons
per square inch on the atmosphere surrounding the point of detonation and
rush away from the point of detonation at velocities of up to 7,000 miles per
hour, thus compressing the surrounding air. This mass of expanding gas rolls
outward in a circular pattern from the point of detonation like a giant wave,
weighing tons, smashing and shattering any object in its path. The further the
pressure wave travels from the point of detonation, the less power it possesses
until, at a great distance from its creation, it dwindles to nothing.

Continued on next page
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Hazards of Detonating Explosives, Continued

Blast Pressure
Wave

Subgrade Blast
Wave

MCI Course 1373A

The wave of pressure is commonly referred to as the blast pressure wave.
The blast pressure wave has two distinct phases, which will exert two
different types of pressures on any object in its path. These phases are the
positive pressure phase and the negative or suction phase. The entire blast
pressure wave, because of its two distinct phases, actually delivers a one-two
punch to any object in its path.

The blast pressure effect is the most powerful and destructive of the explosive
effects produced by the detonation of high explosives. The surrounding
environment has a dramatic effect on the blast pressure wave. A blast
pressure from a detonation in the open environment will dissipate at a
significantly lesser distance than a blast pressure wave that is reflected and
focused off of the surroundings like building or walls.

When an explosive charge is buried in the earth or placed underwater and
detonated, the same violent expansion of gases, heat, and shock results. Since
earth is more difficult to compress than air, and water is uncompressible, the
detonation will seem less violent from the surface. Nevertheless, the same
energy released as compared to the same detonation in the open air.

This shock wave will pass through earth and water just as it does through air,
and when it strikes an object such as a foundation, the shock wave will impart
its energy into the structure, which may cause damage much like an
earthquake would. An explosive charge detonated underwater will produce
damage at greater distances because water is uncompressible and cannot
absorb energy. As a result, the blast transmits the shock wave much faster
and farther, and consequently produces greater damage within a larger area.
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Blast Injuries

Selected Blast
Injuries

Lung

Ear

Abdominal

Brain
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The following blast injuries are caused by many things:

Lung

Ear
Abdominal
Brain

Blast lung is a direct consequence of the HE over-pressurization wave. It is
the most common fatal primary blast injury. Signs of blast lung are usually
present at the time of initial evaluation, but they have been reported as late as
48 hours after the explosion. Blast lung is characterized by the clinical triad
of apnea, bradycardia, and hypotension. Pulmonary injuries vary from
scattered petechae to confluent hemorrhages. Blast lung should be suspected
for anyone with dyspnea, cough, hemoptysis, or chest pain following blast
exposure.

Primary blast injuries of the auditory system cause significant morbidity, but
are easily overlooked. Injury is dependent on the orientation of the ear to the
blast. Perforation is the most common injury to the middle ear. Signs of ear
injury are usually present at time of initial evaluation and should be suspected
for anyone presenting hearing loss, ringing tinnitus, vertigo, bleeding from
the external canal, or middle ear rupture.

Gas-containing sections of the gastro intestinal tract are most vulnerable to
primary blast effect. This can cause immediate bowel perforation,
hemorrhage (ranging from small petechiae (small pin hole) to large
hematomas (large tears)), solid organ lacerations, and testicular rupture. Blast
abdominal injury should be suspected in anyone exposed to an explosion with
abdominal pain, nausea, vomiting, rectal pain, and testicular pain.

Primary blast waves can cause concussions or mild traumatic brain injury
(MTBI) without a direct blow to the head. Consider the proximity of the
victim to the blast particularly when given complaints of headache, fatigue,
poor concentration, lethargy, depression, anxiety, insomnia, or other
constitutional symptoms.
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Protective Measures

Cover

Charges Under
500 pounds

Minimum Safe
Distance Chart
Under 500
Pounds
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Overhead cover is always recommended when available. If minimum safe
distance cannot be reached, overhead and line of site cover must be utilized.
Bunkers are the best source of cover. Buildings can be utilized (depending on
distance from the blast). Walls and ditches are expedient line of site
protection but they provide no overhead cover from falling debris.

For charges of less than 500 pounds, the safe distances are provided on the
GTA 5-10-33, page 1. This chart provides the safe distance for personnel in
the open and is calculated using surface laid charges.

Explosives | Safe Distance | Explosives Safe Distance
(Ibs) (m) (Ibs) (m)
27 or Less 300 150 534
30 311 175 560
35 327 200 585
40 342 225 609
45 356 250 630
50 369 275 651
60 392 300 670
70 413 325 688
80 431 350 705
90 449 375 722
100 465 400 737
125 500 425 750 -
500 800
Notes: 1. For explosives over 500 pounds, use the following
formula to calculate the safe distance:
Safe Distance (m) = 100 x 3\ Pounds of explosives
2. The minimum safe distances for personnel in a
missile-proof shelter is 91.4 m.

Continued on next page
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Protective Measures, Continued

Charges There is a chart provided in FM 5-250, Table 6-3 on page 6-8. Use this if

Between 500 to  available. If not, utilize the same formulas provided for 2000 pounds or more
2000 Pounds explosives.

Minimum Safe Explosives | Safe Distance | Explosives Safe Distance (m)

Distance Chart (Ibs) (m) (Ibs)

]f;’: tg::;gszz m 525 805 1275 1,082
550 819 1300 1,089

2000 Pounds 575 830 1325 1,096
600 842 1350 1,103
625 853 1375 1,109
650 864 1400 1,116
675 875 1425 1,123
700 886 1450 1,129
725 896 1475 1,136
750 907 1500 1,142
775 917 1525 1,148
800 926 1550 1,154
825 936 1575 1,161
850 945 1600 1,167
875 954 1625 1,173
900 963 1650 1,179
925 972 1675 1,185
950 981 1700 1,191
975 989 1725 1,196
1000 998 1750 1,202
1025 1,006 1775 1,208
1050 1,014 1800 1,213
1075 1,022 1825 1,219
1100 1,030 1850 1,225
1125 1,038 1875 1,230
1150 1,045 1900 1,235
1175 1,053 1925 1,241
1200 1,060 1950 1,246
1225 1,067 1975 1,251
1250 1,075 2000 1,257

Continued on next page
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Protective Measures, Continued

Charges Over To calculate the minimum safe distance, use the following formulas:
2000 pounds

Distance in meters: (meters = 100° Vpounds of explosive)
Distance in feet: (feet = 300° Vpounds of explosive).

An explosive weight of 1,000 pounds would be calculated as

Safe distance (m) = 100° V1000. This will work out to be 998 meters.
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Lesson 2 Exercise

Directions Complete exercise items 1 through 5 by performing the action required.
Check your answers against those listed on the reference page.

Item 1 For safety precautions during detonation, ensure that you give warning before
initiating demolitions by giving the warning “ ” three times.

a. Water in the hole

b. Explosives in the hole
c. Fire in the hole

d. Getout

Item 2 What are the types of hazards from explosive detonations?

a. Noise, blast pressure, thermal and broken bones
b. Noise, blast pressure, missile, and incendiary

c. Fire, noise, blast pressure, and incendiary

d. Incendiary, noise, missile, and thermal

Item 3 What are the different types of blast injuries?

a. Lung, ear, abdominal, brain
b. Nose, ear, lung, mouth

c. Lung, nose, abdominal, spine
d. Ear, spine, nose, brain

Item 4 What is the most common fatal injury caused by the blast wave?
a. Lung
b. Concussion
c. Ear
d. Contusions
Item 5 What is the required information to compute minimum safe distance for a

surface laid charge with no cover available?

a. Pounds of explosive and cover
b. Pounds of explosives only
c. Available cover

d. Net explosive weight and pounds of explosive

Continued on next page

MCI Course 1373A 1-52 Study Unit 1, Lesson 2 Exercise






Lesson 2 Exercise, Continued

Solution

MCI Course 1373A

The answers to the exercise items are listed below. Check your answers
against those listed on the reference page.

Item Answer Reference Page
1 c 1-41
2 b 1-46
3 a 1-48
4 a 1-48
5 b 1-51

1-53
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LESSON 3

NET EXPLOSIVES WEIGHT

Introduction

Scope

Purpose

Learning
Objectives

In This Lesson

MCI Course 1373A

This lesson describes the process and procedures for calculating and
converting required explosive weight, when employing demolitions.

The purpose of this lesson is to provide you with the skills and knowledge
necessary to perform the required calculations used to convert the required
quantity of explosives for various types of explosives to conduct demolition

operations.

At the end of this lesson, you should be able to

e Convert explosive weights from tri-nitro-toluene (TNT) equivalents.

e Find the net explosive weight in pounds.

This lesson contains the following topics:

Topic See Page
Introduction 1-55
Relative Effective Factor 1-56
Converting from TNT to Other Explosives 1-57
Net Explosive Weight 1-58
Lesson 3 Exercise 1-59

1-55
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Relative Effective Factor

Where to Find
the RE Factor

How to Use the
RE Factor

When to Use
the RE Factor

MCI Course 1373A

The relative effective (RE) factor can be found on the GTA 5-10-33 Page 1
under characteristics of block demolition charges. It can also be found in the
FM 5-250, in Table 1-1, Page 1-2.

The RE factor is used when TNT is either not available or inappropriate for
the job. It is a value assigned to each explosive based on its effectiveness as
compared to TNT. If the required amount of TNT to complete a mission is 85
pounds and the only explosive available is dynamite, the calculation would be
85 divided by .92 (the RE of dynamite) = 92.4 pounds of dynamite. Utilizing
only whole numbers, it rounds up to 93 pounds.

The RE factor is used any time the explosive to be used is other than TNT. It
is also used when TNT is not the best explosive for the mission. Composition
C4 is much better for cutting steel than TNT so a conversion may be required.
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Converting From TNT to Other Explosives

Basic Formula  The basic formula for conversion from TNT to other explosives is pounds of
TNT divided by the RE factor of the chosen explosive.

Steel Cutting The following is an example of steel cutting:
Example
Pounds of TNT = 3/8A
P=.375x18
P =6.75 pounds of TNT
6.75 pounds of TNT divided by 1.34 (RE for C4) = 5.03
5.03 pounds of C4 is equal to 6.75 pounds of TNT

Breaching The following is an example of breaching:
Example
Pounds of TNT = R3KC
P=1.53x.48x3.6
P=3.375x 48x3.6
P=5.83
5.83 pounds of TNT divided by .42 (RE ammonium nitrate) = 13.88 pounds
of ammonium nitrate.
13.88 pounds of ammonium nitrate = 5.83 pounds of TNT
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Net Explosive Weight

Definition The net explosive weight is the total weight of a specific explosive required to
perform the demolition mission.

Required You must have certain information to compute the net explosive weight. The
Information information includes

e What the target is

e What explosives are available for use

e How to calculate required pounds of TNT for the target

e How to convert from TNT to the available or appropriate explosive for the

job

Converting To convert from TNT to the available explosive, you must know the relative
from TNT effective factor (RE). Once the required amount of TNT is calculated, you

must divide that per charge total by the RE of the explosive to be used.

Example The required amount of TNT is 100 pounds and the only available explosive
is C4, which has an RE factor of 1.34. So, 100 divided by 1.34 = 74.6
pounds, rounded up becomes 75 pounds of C4.

Individual Each charge must be calculated independently unless they are exactly the

Charges same target and the target requires multiple charges. The examples for steel
cutting and breaching, which were previously discussed, were for individual
charges.

Multiple A target requires more than one charge; therefore, the individual charge is

Charges multiplied by the total number of charges required to accomplish the mission.

An example of this is a bridge, which has multiple girders that are exactly the
same dimensions. There might be eight stringers for the steel cutting
example. If it takes 6 pounds of C4 to cut one of the stringers in question and
there are 8 stringers, it will take 48 pounds of C4 to destroy the target. Six
pounds of C4 per girder times 8 stringers equals 48 pounds of C4. That is the
net explosive weight for the mission. The net explosive weight = 48 pounds
of C4.
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Lesson 3 Exercise

Directions Complete exercise items 1 through 3 by performing the action required.
Check your answers against those listed on the reference page.

Item 1 If the required amount of TNT to complete a mission is 85 pounds and the
only explosive is dynamite, the calculation would be 85 divided by

92
. .94
.96
. .99

oo o

Item 2 How many pounds of TNT divided by .42 = 13.88 pounds of ammonium
nitrate?

a. 5.83
b. 6.75
c. 9.25
d. 9.50

Item 3 What is the net explosive weight for 6 pounds of C4 per girder times 8
stringers?

. 24
. 32
. 48
. 54

o

oo o

Continued on next page
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Lesson 3 Exercise, Continued

Solution

MCI Course 1373A

The answers to the exercise items are listed below. Check your answers
against those listed on the reference page.

Item Answer Reference Page
1 a 1-56
2 a 1-57
3 c 1-58
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LESSON 4
IMPROVISED DEMOLITION CHARGES

Introduction

Scope

Purpose

Learning
Objectives

In This Lesson

MCI Course 1373A

This lesson describes the process and procedures for constructing and

utilizing improvised demolitions charges.

The purpose of this lesson is to provide you with the skills and knowledge
necessary to perform the required actions with explosives and other materials

to conduct improvised demolition operations.

At the end of this lesson, you should be able to

e Identify the components for an expedient claymore charge.

o Identify the purpose of an expedient shaped charge.

e Identify the components of an expedient flame fougasse.

e Identify the required items used to construct an expedient bangalore

torpedo.

This lesson contains the following topics:

Topic See Page
Introduction 1-61
Improvisation 1-62
Expedient Claymore/Grapeshot 1-63
Expedient Shaped Charge 1-65
Expedient Flame Fougasse 1-67
Expedient Bangalore 1-69
Expedient Breeching Charges 1-70
Lesson 4 Exercise 1-71

1-61
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Improvisation

Improvised vs.
Expedient

Common Types
of Expedient
Charges

Boobytraps

MCI Course 1373A

Improvised and expedient are terms that are mostly interchangeable. Today
the world deals with improvised explosive devices (IED) almost daily.
Improvised has become the more common term. Expedient is a term used to
create a specific explosive device from demolitions that were not necessarily
intended for that use. As an example of expediency: there is a wire obstacle
that has to be breached and you do not have the time to wait for a supply run
to get bangalore torpedos. The only explosive you have is composition C4,
so you make a bangalore torpedo to breach the wire. This is expedient
because it can be made quickly and on the spot and will effectively do the job.

There are several types of expedient charges that are more common than
others. The expedient claymore mine, which is a directional command
detonated weapon, is designed for use against enemy personnel. The
expedient shaped charge will come in handy when you need a borehole for a
breaching charge. The expedient bangalore has already been mentioned
above and is designed to breach the same obstacles as a standard bangalore
torpedo. The expedient flame mine can be used to destroy equipment or as an
initiator for burning.

Boobytraps are usually expedient in nature and are limited only by the
imagination of the individual building and placing them. With a power
source, initiator, and an explosive, anything that can be moved or stepped on
can be booby-trapped. This course will cover boobytraps in a later lesson.
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Expedient Claymore/Grapeshot

Purpose

Required

Components

Assembly

MCI Course 1373A

The purpose of a claymore mine, whether expedient or manufactured, is to
inflict damage to enemy personnel and equipment. This charge is also called
grapeshot. This type of device should only be used when claymores are not

available.

The expedient claymore/grapeshot charge is made with a container (ammo
can or large can), projectiles (nails, scrap metal, bolts, glass, rocks), buffer
material (leaves, soil, felt, cloth, cardboard, or wood), a charge (C4), and an
initiator, (blasting cap or detonating cord).

Follow the steps below to assemble the expedient claymore:

Step Action

1 Use a quantity of explosives equal to one half the total weight of
the projectiles.

2 Cut a hole in the center of the container large enough to
accommodate the initiator you will be using.

3 Place the components into the container in the following order.

4 If initiating with detonating cord, pull the cord through the hole
and tie five knots, one the middle and one in each of the four
corners.

5 Place the plastic explosive uniformly in the bottom of the
container (packed firmly with a non sparking instrument).

6 Place the buffer in next; place 2 inches of buffer material directly
on top of the explosive.

7 Place the projectiles directly on the buffer material and then apply

a cover to keep the projectiles from falling out during movement
and placement.

Continued on next page
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Expedient Claymore/Grapeshot, Continued

Ilustration The illustration below shows the expedient claymore/grapeshot charge.
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Priming The expedient claymore is primed if you used a detonating cord during the
construction. If it is not, make a cap well for the blasting cap and cover any
part of the cap that is exposed. It must be covered with C4 (on the outside as
well).
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Expedient Shaped Charge

Purpose

Standoff

Illustration

Assembly

MCI Course 1373A

Shaped charges concentrate the energy of the explosion released on a small
area, making a tubular or linear fracture in the target. The shaped charge is
effective against many targets due to its versatility. They are especially
effective against concrete and armor plating.

A standoff is the distance between the bottom of the shaped charge and the
top of the intended target. Standoffs will vary in distance, depending on the
size (diameter) of the charge. The standoff distance is usually 1.5 times the
diameter of the cone. Standoff can be achieved by taping sticks to the side of
the container. '

The illustration below shows the expedient shaped charge.
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When assembling the expedient shape charge, obtain a container for the
shaped charge and remove both ends. Almost any kind of container will work
(cans, jars, bottles, drinking glasses). Some containers come equipped with
built-in cavity liners, such as champagne or cognac bottles with the stems
removed. With the ends removed, the container is ready for a cavity liner and
explosive.

Continued on next page
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Expedient Shaped Charge, Continued

Removing

Cavity Liner

Cavity Angle

Explosive
Height

Detonation
Point

MCI Course 1373A

To remove the narrow neck of a bottle or the stem of a glass, follow the steps
below:

Step Action
1 Wrap the neck of the bottle with a piece of soft, absorbent twine.
2 Place two bands of adhesive tape, one on each side of the twine to

hold it securely in place.

3 Soak the string in gasoline and light it.

4 Heat the glass uniformly; turn the bottle continuously with the
neck up.

5 After the twine has burned, submerge the neck of the bottle in
water and tap it against some object to break it off.

6 Tape the broken end of the bottle to prevent cutting your hands
while tamping the explosive in place.

Make a cone-shaped cavity liner for the container using copper, tin, zinc, or
glass. Funnels or bottles with a cone in the bottom are excellent. However, if
the material is not available for a cavity liner, you can make a workable but
less effective shaped charge by cutting a cone-shaped cavity in a block of
explosive.

Expedient charges will work with cavity angles between 30 and 60 degrees.
Most high-explosive antitank (heat) ammunition has a cavity angle between
42 and 45 degrees. The optimum angle is 45 degrees.

The explosive height (inside the container) is two times the cone height,
measured from the base of the cone to the top of the explosive. Press the
explosive into the container, being careful not to alter the cavity angle of the
cone. Ensure the explosive is tightly packed and free of any air pockets.

The exact top center of the charge is the detonation point. Cover the blasting
cap with a small quantity of C4 if any part of the blasting cap is exposed or
extends above the charge.
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Expedient Flame Fougasse

Description The expedient flame fougasse can be used in the defense or offensive
operations for its incendiary, illuminating, and signaling effects. This charge
is made up of a 55-gallon drum of thickened fuel, a kicker charge, a trip flare,
and detonating cord. A 55-gallon drum containing a fougasse mixture is
effective for a controlled-direction burst.

Assembly To assemble the expedient flame fougasse, follow the steps below:
Step Action
1 Make the fougasse mixture by mixing 3 ounces of M4 thickening

compound per gallon of gasoline or jet petroleum 4 (JP4) fuel.
Depending on the temperature, the thickening time will vary. The
desired viscosity is that of applesauce. For a 55-gallon drum, vigorously
mix 150 ounces of M4 thickening compound with 50 gallons of fuel.

2 Dig an angled trench for the drum that will allow the best coverage and
dispersion of the flame fougasse. Do not build the trench steeper than
45°, Make a small cutout area in the back of the trench for the kicker
charge (2 pounds of TNT or 1 block of C4).

3 Prime the kicker charge with detonating cord, leaving 6 to 10 feet of the
detonating cord free to tie into a ring main.

4 Wrap the top end of the drum with five to seven wraps of detonating
cord, leaving 6 to 10 feet of detonating cord free to tie into a ring main.
5 Lay the drum in the trench and place the kicker charge in the small
cutout. Push the drum against the back of the trench so that the kicker
charge seats firmly against the bottom of the drum. It may be necessary
to tamp soil around the charge to properly center the kicker charge
against the bottom of the drum. Ensure that the running ends of the
detonating cord for the kicker charge and drum top extend from the
trench. Avoid kinks or sharp bends in the detonating cord.

6 Lay out a ring main of detonating cord around the 55-gallon drum and
tie the detonating cord from the kicker charge and wrap to the ring main.

7 | Cover the entire drum with a minimum of 3 feet of tamped soil, leaving
the front of the drum exposed.

8 Using a length of detonating cord, tape one end under the spoon handle

of an igniter trip flare (M49). Tape the spoon handle down securely,
attach the trip flare to a stake, and position the stake 3 to 4 feet in front
of the drum. Attach the free end of the detonating cord secured to the
trip flare to the ring main. During combat, a white phosphorous grenade
(M34) will work in place of the trip flare.

9 Attach initiation sets to the ring main.

Continued on next page
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Expedient Flame Fougasse, Continued

Ilustration The illustration below shows the expedient flame fougasse.

Detonating Cord
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Ring
Main

Igniter
Alternate If trip flares of grenades are unavailable, there are two additional methods to
Ignition ignite the fuel mixture.
Sources
Method 1 Method 1 uses steel wool. Use the same amount of explosive for the kicker

charge and prime them with detonating cord. Place a buffer material around
the kicker charge and tape it in place. Attach steel wool to the buffer charge
so that it covers the entire width of the kicker charge. The steel wool will
ignite the fuel in the drum once the kicker charge is propelled through the
bottom of the drum. The steel wool must be in contact with the bottom of the
drum.

Method 2 Method 2 takes a 2-liter plastic bottle and fill it half full with raw gasoline or
JP4 (un-thickened). Punch a hole in the cap of the bottle, and thread one end
of detonating cord through the hole. Tie a single overhand knot in the
detonating cord to prevent it from being pulled back out of the cap. Place the
detonating cord with the knot inside the bottle, and secure the cap onto the
bottle. Attach the opposite end of the detonating cord to the ring main.

Initiation When initiated, the ring main initiates the detonating cord to the trip flare, the
drum top, and the kicker charge. The wraps cut the top of the drum off, the
kicker charge propels the thickened fuel outward, and the trip flare ignites the
fuel as it travels down range. This all results in a gout of flame that spreads
down range for about 100 meters.
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Expedient Bangalore

Purpose

Assembly
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The expedient bangalore is used to defeat wire obstacles and antipersonnel
mines. It should only be used if bangalore torpedos are not available. The
items used to construct an expedient bangalore torpedo are four U-shaped
pickets; C-4; detonating cord, tape, or wire; and a firing system.

To assemble the expedient bangalore, follow the steps below:

Step Action

1 Separate the packaging material from C4 (M112).

2 Using a nonsparking tool, mold the C4 in the entire length of the
concave portion of two U-shaped pickets that are not bent or
damaged.

3 Place a line of detonating cord that has single overhand knots tied
every 6 to 8 inches the entire length of the C4 packed picket
leaving enough detonating cord sticking out of the end to tie into a
firing system.

4 Place the other C4 packed picket on top of the picket with the
detonating cord on it. The C4 from each picket will be touching
with the detonating cord in the middle.

5 Secure the two pickets together with tape or wire.
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Expedient Breaching Charges

Improvised The expedient breeching charge is used to supplement the 40-pound cratering
Cratering charge or as an improvised cratering charge when the 40-pound cratering
Charge charge is not available. It consists of a mixture of ammonium-nitrate

fertilizer (at least 33.33% nitrogen) and diesel fuel, motor oil, or gasoline.
The ratio of fertilizer to fuel is 25 pounds to 1 quart. Avoid using fertilizer
that is damp. Follow the steps below to detonate the charge:

Step Action

1 Measure the fertilizer and fuel for the size charge you require.
Add the fuel to the fertilizer and mix thoroughly. Allow the fuel to
soak into the fertilizer for an hour.
2 Place half the ammonium-nitrate mixture in the borehole.
3 Place two 1-pound primed blocks of explosives in the borehole,
and add the remainder of the ammonium nitrate.

Note: Do not leave the charge in the ground for extended periods
of time as it will absorb moisture and be less effective.
Boreholes should receive 10 pounds of explosives for every
foot of depth and must be duel primed.

4 Detonate the charge.

Improvised The improvised borehole method is used to enlarge boreholes in soil. Taping
Borehole together several strands of detonating cord 5 to 6-feet long creates this. The
Method general rule is that one strand of detonating cord enlarges the holes diameter

by 1 inch. Make a hole by driving a 2-inch steel rod into the ground and
inserting the strands into the hole, leaving a tail of detonating cord to be tied
into a firing system. Use 10 strands for a 10-inch hole. The strands must
extend the full depth of the hole. Check the holes for excessive heat before
placing cratering charge in the hole.

Hlustration The illustration below shows the improvised borehole.
Stick
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Lesson 4 Exercise

Directions

Item 1

Item 2

Item 3

Item 4

MCI Course 1373A

Complete exercise items 1 through 4 by performing the action required.
Check your answers against those listed on the reference page.

The expedient claymore charge is made with a container, , buffer
material, a charge, and an initiator.

a. projectiles
b. tape

c. gasoline
d. screws

The purpose of the expedient shaped charge is to

a. inflict damage to enemy personnel and equipment.

b. defend or offend operations for its incendiary effects.

c. defeat wire obstacles.

d. concentrate the energy of the explosion released on a small area.

What are the components of an expedient flame fougasse?

a. 55 gallon drum, 50 gallons of gasoline, cratering charge, trip flare, and
blasting cap

b. 55-gallon drum, 50 gallons of thickened fuel, a kicker charge, a trip flare,
and detonating cord

c. gasoline, trip flare, blasting cap, detonating cord, and kicker charge

d. 55-gallon drum, 50 gallons of thickened fuel, kicker charge, blasting cap,
and gasoline

What are the required items for constructing an expedient bangalore torpedo?

a. Two U-shaped pickets; C4; detonating cord, tape, or wire; and a firing
system

b. Two U-shaped pickets; TNT; detonating cord, tape, or wire; and a firing
system

c. Four U-shaped pickets; C4; detonating cord, tape, or wire; and a firing
system

d. Four U-shaped pickets; TNT; detonating cord, tape, or wire; and a firing
system

Continued on next page
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Lesson 4 Exercise, Continued

Solutions

MCI Course 1373A

The answers to the exercise items are listed below. Check your answers
against those listed on the reference page.

Item Answer Reference Page
1 a 1-63
2 d 1-65
3 b 1-67
4 c 1-69

1-72
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LESSON 5
PRIMING DEMOLITIONS

Introduction

Purpose The purpose of this lesson is to provide you with the skills and knowledge
necessary to perform the required actions when priming explosive charges.

Learning At the end of this lesson, you should be able to
Objectives

e Identify the purpose of the priming system.

Identify the components in the electrical initiation set.
e Identify the common series circuits.

e Identify the leapfrog series circuits.

o Identify the components of a nonelectric firing system.

e Identify the components of a firing system utilizing MDI (shock tubes).

In This Lesson  This lesson contains the following topics:

Topic See Page
Introduction 1-73
Priming Systems 1-74
Electrical Initiation Sets 1-75
Nonelectric Initiation Sets 1-81
Modernized Demolition Initiators (MDI) 1-87
Lesson 5 Exercise 1-90
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Priming Systems

Purpose The purpose of a priming (firing) system is to initiate the detonation of an
explosive charge at a designated time. This can be accomplished through the
use of a time fuse or by electrical means.

Control The priming system that is used will allow the individual in charge of the
demolition project to maintain control of the detonations. This control allows
for accountability of personnel and safety. The person in charge will keep the
priming mechanism with them at all times if it is command detonated (electric
mechanism), and, if nonelectric mechanism is used, the command to light the
time fuse is given by the person in charge.

Components There are common components in all priming systems:

e Initiation sources (fuse igniter for nonelectric and power source for
electric)
Intermediate connection (time fuse (nonelectric) or firing wire (electric))
e Connectors or tape
Blasting caps for either electric or nonelectric initiation
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Electrical Initiation Sets

Purpose

Components

Preoperational
Tests

Blasting
Machine

MCI Course 1373A

The purpose of an electrical initiation is to allow for command detonation
without any delay. An electrical initiation set can detonate a charge at the
push of a button. This allows for greater control, safety and flexibility.

There are three main components in an electrical initiation set:

e FElectric blasting cap (provides shock adequate to detonate the explosive)
Firing wire (connects the power source)

e Power source (a blasting machine that provides a minimum of 1.5
amperes of electricity to the blasting cap)

There are three items which need to be tested prior to use:

e Blasting machine
e Firing wire
e MS5I test set

The blasting machine provides the power source (electrical impulse) required
to initiate electric blasting caps. The M32 will fire 10 caps in series while the
M34 will fire 50 caps in series. They look alike except that the M34 has a
black band around the base and a reinforced-steel actuating handle.

Continued on next page
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Electrical Initiation Sets, Continued

Testing the To test the machine, do the following:
Blasting
Machine
Step Action
1 Release the handle, then activate the machine by depressing the

handle rapidly three to four times until the neon indicator lamp
flashes. The lamp can’t be seen until it flashes and is located
between the terminal posts. If the lamp is nonoperational, insert
the firing wire and hold the other ends of the wire where you can
see them.

2 Activate the machine until the charge fires (a spark jumps between
the wires).

3 Hold the machine by placing the handle in the palm of the hand
and grasp the body with the fingers, then squeeze rapidly.

Note: Be sure to hold the machine correctly as the handle is easily
broken.

M32 and M34  The illustration below shows the M32 and M34 blasting machines.

M32 (10 caps) M34 (50 caps)

Continued on next page
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Electrical Initiation Sets, Continued

Firing Wire The firing wire connects the power source (blasting machine) to the blasting
cap and allows the current to travel through it. It is a number 18 American
Gauge Wire (AWG) with a plastic or rubber coating.

Testing the Test fire wiring with either the M51 test set or a galvanometer shown in the
Firing Wire illustration below.

MS51 Test Set The M51 test set is a self-contained unit that tests the system and flashes a
light when squeezed if a complete circuit has been made. It will not flash if
there is not a complete circuit.

Galvanometer  The galvanometer is used to verify the existence of a circuit. To test the
meter, lay the M2 crimpers across both posts. The face gauge should read a
completed circuit. If no reading exists, change batteries.

Continued on next page
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Electrical Initiation Sets, Continued

Laying Out The After locating a firing position a safe distance away from the charges, lay out

Firing Wire the firing wire from the charges to the firing position. Firing wire must
always be laid flat on the ground or buried. Do not allow vehicles to cross or
personnel to walk on firing wire. The firing wire must be kept as short as
possible and must not have any loops in it (laid in as straight a line as
possible). The wire should be cut to length and not connected to a blasting
machine through the unused portion on the reel.

Retest the firing wire. The open and closed circuit tests must be performed
again. Unreeling the wire may have separated broken wires not noticed when
the wire was tested on the reel.

Testing the Follow the steps below to test the blasting cap:

Blasting Cap
Step Action
1 Completely remove the blasting cap lead wires from the cardboard
spool.

2 Place the blasting cap under a sandbag or helmet. The blasting cap
should be tested away from extra personnel and the tester should
have his back to the blasting cap.

Remove the short circuit shunt from the lead wires.

4 Test the cap with the galvanometer or M51 test set. If you do not
get a reading (flash), the cap is defective and should not be used.

W

Shunt The illustration below shows a shunt.

Shunt Ring Lead Wires

Continued on next page
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Electrical Initiation Sets, Continued

Connect the
Blasting Cap to
the Firing Wire

Retest the
Entire Circuit

Definitions

Common Series
Circuit

MCI Course 1373A

The free leads of the blasting cap must be connected to the firing wire before
a charge is primed. Make the connections with a western union pigtail splice.

Before the charge is primed, test the entire circuit from the firing end. After
the test is complete, shunt the ends of the firing wire at the firing end. At this
point, the initiation system is complete and the charges are primed.

WARNING: Do not connect the blasting machine until all personnel are
accounted for and the charge is ready to fire.

The following terms are important when using electrical initiations sets:

Term Definition
Closed Circuits Allow current to flow.
Open Circuits Will not allow current to flow.
Shunt Lead wires are crossed to prevent
electric current from detonating the
cap.

Common series circuits use two or more electric blasting caps to fire from a
single blasting machine. Prepare a common series circuit by connecting one
blasting cap lead wire from the first cap to one lead wire of the second cap
until only two ends are free. Connect the free ends of the cap lead wires to
the ends of the firing wire. Use connecting wires (usually 22 AWG) when the
distance between caps is greater than the length of the cap lead wires.

Continued on next page
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Electrical Initiation Sets, Continued

Leapfrog Series Leapfrog series circuits are useful for firing a long line of charges. Start at

Circuits one end of a row of charges and prime every other charge (i.e. odd number
charges) to the end of the row. The opposite charges (i.e. even numbered
charges) are connected on the return path. This method eliminates laying a
long return lead from the far end of the line of charges back to the firing wire.
This circuit is rarely needed, since the detonating cord can be used instead.

Initiation At this point, all circuits are complete and ready to detonate. Account for
personnel and proceed.
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Nonelectric Initiation Sets

Purpose

Components

Assembly

Check the Fuse
(Step 1)

MCI Course 1373A

The purpose of a nonelectric initiation set is to initiate an explosive at a
predetermined time, using a nonelectric blasting cap.

There are three basic components to a nonelectric initiation set.

e Ignition source (M60 fuse igniter, matches, or a cigarette lighter)

e Time fuse (delivers a flame that detonates the blasting cap after a time
delay)

e Nonelectric blasting cap (provides shock adequate to detonate the
explosive)

The following steps are performed to assemble the nonelectric initiation set:

Step Action
1 Check the fuse.
2 Prepare the fuse.
3 Attach the fuse igniter.
4 Install the priming adapter.
5 Prepare the blasting cap.

Check the time fuse for burn rate by conducting a test burn of 3 feet for each
roll of time fuse. Divide the burn time by three to get the seconds per foot
rate of burn for that roll of time fuse.

Notes:

If you do not use the fuse within 24 hours of the test burn, perform
another test before using the fuse to ensure that moisture hasn’t
affected the burn time.

Do not cut the fuse until you are ready to use it and never use the first
or last 6 inches of a roll. Always cut the end of the fuse square.
Rough or crooked cuts may lead to misfires.

Avoid sharp bends, loops, or kinks in the time fuse. This may result in
a break in the powder train and result in a misfire.

Continued on next page
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Nonelectric Initiation Sets, Continued

Prepare the Calculate the length of the fuse by using the following formula:
Fuse (Step 2)
Time required (min) x 60 (seconds per minute)
Burning Rate (Seconds per foot) = Fuse Length (Feet)
Example If you need a 6-minute fuse, and you have calculated the burn rate to be 42

seconds per foot, the equation would be:

6 (min) x 60 seconds per minute)
42 (seconds per foot burn rate)

6 x 60 = 360 seconds

Fuse length = 360 (seconds) divided by 42 (burn rate) = 8.571 feet
c. Fuse length = 8 feet 6 inches (multiply .571 x 12 to convert the
decimal to inches)

IS

Continued on next page
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Nonelectric Initiation Sets, Continued

Attach the Fuse To attach the fuse igniter to the time fuse, unscrew the collar two to three

Igniter (Step 3)  turns (do not remove the collar), then push the shipping plug in (to release it)
and discard the plug. Insert the time fuse into the opening vacated by the plug
(ensure the time fuse goes all the way in). Tighten the collar to hold the time
fuse in place.

Install the Follow the steps below to install the priming adapter:
Priming
Adapter
(Step 4)
Step Action
1 Install the adapter onto the time fuse before putting the cap in
place.
2 Insert fuse into cap.
3 Crimp the cap.
4 Secure the cap with the adapter.

MCI Course 1373A
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Nonelectric Initiation Sets, Continued

Priming The illustration below shows the priming adapter.
Adapter

Detonating Cord or
Time Blasting Fuse Electric Blasting
Cap

Priming _ \
Adap_ter- —“’. ["_:[DE—E%E

Cap pulled into

Priming Adapter

N Cap Wire
Nonelectric N Adapter P
Blasting Cap v o
]
Nonelectric The illustration below shows a nonelectric blasting cap.

Blasting Cap
Aluminum Intermediate
Aluminum Alloy Ferrule  Charge  Base Charge
Alloy Cap (RDX)

i Ignition Charge

l«——2.350" Max—>

—

i<— 2.350" Max—

Continued on next page
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Nonelectric Initiation Sets, Continued

Prepare the Follow the steps below to prepare the blasting cap:
Blasting Cap
(Step 5)
Step Action
1 Remove the cap from the cap box (illustration on the following

page) and close it.

2 Inspect the blasting cap by looking into the open end.

3 Hold the cap between the thumb and ring finger of one hand and
the forefinger of the same hand on the closed end of the blasting
cap. You should see the yellowish ignition charge.

4 If there is dirt or foreign matter present,

e Aim the open end of the cap at the palm of the second hand.

e Gently bump the wrist of the cap-holding hand against the wrist
of the other hand. Do not use the cap if the foreign matter does
not dislodge.

5 Hold the time fuse vertically with the square-cut end up, and slip

the cap gently down over the fuse so the flash charge in the cap

touches the fuse.

6 Grasp the fuse with the thumb and ring finger while applying

slight pressure with the forefinger on the closed end of the cap.

7 Use the opposite hand to operate the crimpers.

8 Place the crimping jaws around the cap at a point 1/8 to 1/4 inch

from the open end.

9 Extend both arms straight out while rotating the hands so the

closed end of the cap is facing away from your body and other

personnel.

10 | Crimp the blasting cap by firmly squeezing the M2 crimper

handles together, maintaining eye contact with the blasting cap.

11 Inspect the crimp.

Continued on next page

MCI Course 1373A 1-85 Study Unit 1, Lesson 3






Nonelectric Initiation Sets, Continued

Blasting Cap The illustration below shows the blasting cap box and the M2 crimpers.
Box and M2

Crimpers
Punch Crimping
Jaw
A
Screw Driver Cutting
End Jaw

Placement of The nonelectric blasting cap is placed in the cap well of a charge or taped to
the Blasting the detonating cord.
Cap

CAUTION: Under no circumstance will the nonelectric blasting cap be used
underground. Placing it underground makes checking for
misfires potentially dangerous. Adding air to the fuse may allow
it to cook off and you can’t see the smoke from the time fuse
until it is too late.

Fuse Initiation  Perform the following steps to fire the assembly:

Step Action

1 Hold the M60 igniter in one hand and remove the safety pin with
the other.
2 Push the pull-ring in, give it a quarter turn, and pull.

Note: In case of a misfire, reset the M60 igniter by pushing the
plunger all the way in and rotating 180° left or right, and
attempt to fire again.
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Modernized Demolition Initiators (MDI)

Characteristics

Shock Tube

Blasting Caps

High-Strength
Caps

MCI Course 1373A

The modernized demolition initiators (MDI) are a new family of nonelectric
blasting caps and associated items. MDI supplement the current nonelectric
blasting caps and time fuse. The snap-together components simplify
initiation systems and some types of explosive priming. MDI will raise
reliability and safety, as they do not easily degrade in water, since the
components are all sealed. The components of the MDI firing system are

e Shock Tube
e Blasting Caps
M81 (Time Blasting Fuse Igniter)

The shock tube is a thin, plastic tube with a layer of cyclotertramethylene
tetramitramine (HMX) in its center. This explosive powder propagates a
detonation wave that travels along the tube until it reaches a factory attached,
sealed blasting cap. The shock tube medium is extremely reliable. Shock
tubes may be extended by using the splicing tubes (provided) and leftover
pieces of shock tube. The shock tubes should not be cut unless absolutely
necessary.

There are a variety of blasting cap configurations. There are both high-
strength and low-strength caps.

The high-strength caps include the M11, M14, M15, M16, and M18. The
system either actuates the cap through flame or shock depending on the style
and mission.

Cap | Shock Tube Time Fuse Method of Actuation
Length

M1l | 30ft N/A Shock

M14 | N/A 5-minutes, 7 ¥ ft Flame

M15 |70 ft N/A Shock

Ml16 | 10 ft N/A Shock

M18 | N/A 20 minute Flame

Continued on next page
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Modernized Demolition Initiators (MDI), Continued

Low-Strength
Caps

Blasting Cap
Holder

Time-Blasting-
Fuse Igniter
(M81)
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The two low-strength caps are the M12 and M13 and are larger than the
standard blasting caps. The size prevents them from being inserted into
standard military demolitions. They are not powerful enough to reliably
detonate explosives.

Plastic blasting cap holders allow the connection of several shock tubes to a
high-strength blasting cap. The M9 holder helps secure the connection of up
to five shock tubes to the high-strength detonation M11 or M14 blasting cap.
The M9 can also be used to connect the blasting caps to detonating cord.

One to Two Shock Three to Five Shock
Tubes Tubes

The M81 is almost identical to the M60 igniter except that the M81 has a
screw-end cap with a green shipping plug and a silicon shock tube reducer.
The cap allows the M81 to accommodate either the shock tube or the standard
time fuse.

/

Continued on next page
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Modernized Demolition Initiators (MDI), Continued

Single Priming  Single priming is not recommended for the MDI firing system. Single
priming raises the risk of misfires.

Single Primed  The illustration below shows a single primed MDI firing system.
MDI Firing

System M12's connecter with M12's down line

and 3 M11's branch lines

To Firing Point
Next set of charges

M11's branch lines to M9's
shock-tube holders

M11's or M16's
branch lines to
charges

Dual Priming Dual priming is recommended. It reduces/eliminates the risk of misfires.
This is accomplished by connecting two separate initiation charges to the
firing system.

Dual Primed The illustration below shows a dual primed MDI firing system.
MDI Firing

System M12's/M13's

Transmission Lines

M16 or M11's
branch lines to
charges

M12/M13/14

M12's/M13's
Transmission Lines

NOTE: One Branch Line
is in each charge.
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Lesson 5 Exercise

Directions

Item 1

Item 2 Through
Item 4

MCI Course 1373A

Complete exercise items 1 through 8 by performing the action required.
Check your answers against those listed on the reference page.

The purpose of a priming system is to the detonation of an explosive
charge at a designated time.

ignite
prepare
eliminate
initiate

oo

Matching: For items 2 through 4, match the component in the electrical
initiation set in column 1 to its definition in column 2.

Column 1 Column 2

Electrical Initiation Set Definition
2. Electric blasting cap a. Provides power source required to
3. Firing wire initiate electric blasting caps
4. Blasting machine b. Provides shock adequate to

detonate the explosive

c¢. Connects the power source to the
blasting cap and allows the current
to travel through it

Continued on next page
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Lesson 5 Exercise, Continued

Item 5

Item 6

Item 7

Item 8

MCI Course 1373A

To prepare a common series circuit, connect blasting cap lead wire(s)
from the first cap to a lead wire of the second cap until only two ends are free.

one
three
four
Six

aoow

Leapfrog circuits are used for a long line of charges.

firing
laying
installing
attaching

o o

The three components of a nonelectric initiation set are , time
fuse, and nonelectric blasting cap.

ignition source
firing wire
pigtail splice
shock tube

e o

What are the components of an MDI firing system?

M8, blasting cap, and firing wire

M60 fuse igniter, blasting machine, and shock tube
M81, shock tube, and blasting cap

M09 fuse igniter, shock tube, and blasting cap

e o

Continued on next page
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Lesson 5 Exercise, Continued

Solutions

MCI Course 1373A

The table below provides the answers to the exercise items. If you have any
questions, refer to the reference page listed for each item.

Item

Answer

Reference Page

1

1-74

1-75

1-75

1-75

1-79

1-80

1-81
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1-87

1-92
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LESSON 6

THEORY AND OPERATION OF A SHAPED-CHARGE

Introduction

Scope

Purpose

Learning
Objectives

In This Lesson

MCI Course 1373A

This lesson describes the theory and operation of a shaped charge.

The purpose of this lesson is to provide you with the skills and knowledge

necessary to effectively utilize the shaped charge.

At the end of this lesson, you should be able to

o Identify the proper method for setting up a shaped charge.

e Identify different effects that materials can have on a shaped charged

penetration.

e Identify the proper priming procedures for the shaped charge.

This lesson contains the following topics:

Topic See Page
Introduction 1-93
Theory of a Shaped Charge 1-94
Effects of a Shaped Charge 1-96
Priming a Shaped Charge 1-99
Lesson 6 Exercise 1-100

1-93
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Theory of a Shaped Charge

Description The shaped charge is a concave metal hemisphere or cone (known as a liner)
backed by high explosive, all in a metal case. They are always primed/
initiated from the exact center on the opposite side of the explosive from the
cone.

Background The shaped charge was originally developed during World War I to penetrate
tanks and other armored equipment. Because of the focused effect of the jet
that is created upon detonation, the shaped charge was designed and used for
penetration. The amount of penetration is only limited by the amount of
explosives. Used in 1997, Lawrence Livermore successfully tested a shaped
charge that penetrated 3.4 meters of high-strength armor steel.

Theory When the explosive is detonated, the metal liner is compressed and squeezed
forward, forming a jet whose tip may travel as fast as 10 kilometers a second
(about 6.22 miles per second).

Illustration The illustration below shows the initial forming of a jet at detonation.

Continued on next page
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Theory of a Shaped Charge, Continued

Purpose The shaped charge is used mainly for making boreholes into which breaching
charges may be laid. It can also be used for destroying equipment.

Setup The shaped charge is very versatile and can be aimed at a specific point. It
can be suspended from pickets to get the right standoff distance and set up on
an angle. It is always wise to ensure it is securely fastened. The proper
method for setting up a shaped charge is to use the appropriate standoff for
the charge.

Tamping Tamping is the act of placing material on the explosive to fill in any gaps or
weak spots in the charge. This keeps the shock wave from the explosives
contained and going in the desired direction. Sand, sandbags, clay, and mud
are examples of tamping materials.

Block Tamping Block tamping a shaped charge is not recommended. It does not improve
performance and may cause problems. If any of the tamping material gets
between the cone and the target, it will reduce the effectiveness of the charge.
The shaped charge won’t work underwater for that reason. Any water in the
conical cavity will prevent the high intensity jet from even forming. Never
use tamping while preparing a shaped charge.
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Effects of a Shaped Charge

Effects The effects of detonating a shaped charge are the focused force of high
explosives. The jet that is formed by the cone moves everything out of its
way; boring through steel, rock, dirt, concrete, and block. The effect the
target has on the penetration of a shaped charge is the density of the target,
which will affect the width or depth of the borehole.

Radiographs The illustration below shows three radiographs of the resulting jet from a
shaped charge detonation.

—)

*—-——————»

Borehole The borehole left behind after detonation will vary in size and depth
depending on the density of the target it penetrated. The size of the shaped
charge will also affect the borehole dimensions.

Continued on next page
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Effects of a Shaped Charge, Continued

15-Pound
M2A4 Shaped
Charge

40-Pound
M3A1 Shaped
Charge

MCI Course 1373A

The 15-pound M2A4 shaped charge (shown below) contains a 0.11-pound
booster charge of composition A3 and an 11.5-pound main charge of
composition B. It is packed in a box of three. This charge has a moisture-
resistant, molded-fiber container. A cylindrical fiber base slips onto the end
of the charge to provide a 6-inch standoff. The cavity liner is a cone of glass.
The charge is 15 inches high and 7 inches in diameter.

The 40-pound M3A1 shaped charge contains a 0.11-pound booster of
composition A3 and a 29.5-pound main charge of composition B. It is
packaged as one charge per box. The cone and the container are both metal.
The legs provide a 15-inch high standoff; the charge itself is 15 %2 inches tall,
and 9 inches in diameter.

Continued on next page
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Effects of a Shaped Charge, Continued

Characteristics  The table below shows the characteristics of the boreholes made by shaped
charges.
Material Specifications M2A4 M3Al
Shaped Charge* Shaped Charge**
(15 Ibs) (40 1bs)
Maximum wall thickness 36.00 in 60.00 in
Reinforced concrete Penetration depth in thick walls 30.00 in 60.00 in
Average hole diameter 2.75in 3.50 in
Minimum hole diameter 2.00 in 2.00 in
Concrete pavement (10 | Optimum standoff 42.00 in 60.00 in
in with 21-in rock-base | Minimum penetration depth 44.00 in 71.00 in
course) Maximum penetration depth 91.00 in. 109.00 in
Minimum hole diameter 1.75 in 6.75 in
Concrete pavement (3 in | Optimum standoff 42.00 in --
with 24-in rock-base Minimum penetration depth 38.00in --
course) Maximum penetration depth 90.00 in. --
Minimum hole diameter 3.75in --
Hole depth (30-in standoff) 72.00 --
Hole depth (42-in standoff) 60.00 --
Permafrost Hole depth (50-in standoff) -- 72.00 in
Hole diameter (42-in standoff) 1.50 t0 6.00 in --
Hole diameter (50-in standoff) - 5.00 to 8.00 in
Hole diameter (normal 4.00 to 30.00 in 7.00 to0 30.00 in
standoff)
Ice Hole depth (42-in standoff) 7.00 ft 12.00 ft
Hole depth (42-in standoff) 3.50 in 6.00 in
Hole depth (30-in standoff) 7.00 ft --
Soil Hole depth (48-in standoff) -- 7.00 ft
Hole depth (30-in standoff) 7.00 in --
Hole depth (48-in standoff) -- 14.50 in
Hole depth (30-in standoff) 7.00 ft --
Graveled Roads Hole depth (48-in standoff) -- 9.00 ft
Hole depth (30-in standoff) 7.00 in --
-- 7.00 in

Hole depth (48-in standoff)

* A dash in the column indicates that an M3A1 shaped charge is required.

**A dash in the column indicates that an M2A4 shaped charge is sufficient.

MCI Course 1373A
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Priming a Shaped Charge

Location When priming a shaped charge, the cap well must be used. Both shaped
charges comes with a cap well that is located in the exact center of the
explosives opposite the cone. This is where shaped charges must be primed
for the jet to form correctly.

Dual Priming  Never dual prime a shaped charge, as it will affect its operation. It is
designed for one blasting cap. Wrapping detonating cord around the shaped
charge may get it to detonate, but the jet will be highly degraded if it forms at
all.

Priming Shaped charges can be primed with an electric, nonelectric, or MDI blasting
cap. They posses a blasting cap well and an adapter (preferred) or tape to
hold the cap in place. The caps can be initiated through their respective
measures.
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Lesson 6 Exercise

Directions

Item 1

Item 2

Item 3

Item 4
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Complete exercise items 1 through 4 by performing the action required.
Check your answers against those listed at the end of this lesson.

What is the proper method for setting up a shaped charge?

a. Six inches above the target

b. Fifteen inches above the target

c. Using proper standoff for the size of the charge
d. Suspended 16 inches above the target

When would you use tamping while preparing a shaped charge?

a. Every time

b. Only when it is underwater

c. Never

d. Only when priming nonelectrically

What effect does the target have on the penetration of a shaped charge?

The density of the target will affect the width and depth of the borehole.
The density of the target will not affect the width or depth of the borehole.
The denser the target the larger the hole and deeper the penetration.

The softer the target the smaller the hole and the deeper the penetration.

ae o

The proper method for priming a shaped charge is by using only the

a. cap well provided and three wraps of detonating cord around the top.
b. cap well provided.

c. detonating cord taped into the cap well and three wraps around the top.
d. electric initiation sets.

Continued on next page
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Lesson 6 Exercise, Continued

Solutions

MCI Course 1373A

The table below provides the answers to the exercise items. If you have any
questions, refer to the reference page listed for each item.

Item Answer Reference Page
1 c 1-95
2 c 1-95
3 a 1-96
4 b 1-99

1-101
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STUDY UNIT 2
FIELD FORTIFICATION AND CAMOUFLAGE

Overview

Scope This study unit covers the construction and design of wire entanglements,
field fortification, revetment, and camouflage as it pertains to the combat
engineer serving with a Marine division.

Purpose The purpose of this study unit is to provide you with the skills and knowledge

necessary to successfully plan and emplace wire entanglements and field

fortifications, as well as camouflaging positions and equipment.

In This Study  This study unit contains the following lessons:

Unit

Lesson See Page
Wire Entanglements 2-3
Revetment 2-23
Survivability Positions 2-35
Lightweight Screening System 2-53
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LESSON 1
WIRE ENTANGLEMENTS

Introduction

Scope

Purpose

Learning
Objectives

In This Lesson

MCI Course 1373A

This lesson describes the process and procedures for constructing wire

entanglements.

The purpose of this lesson is to provide you with the knowledge and skills to
successfully construct wire entanglements, as well as identify key features.

At the end of this lesson, you should be able to

o Identify the three basic methods for wire entanglements.
e Identify the physical components of wire entanglements.

o Identify the purpose of concertina entanglements.

Identify the purpose of wire entanglement installation.

Identify the classification of obstacle employment.

e Identify the steps to install concertina wire in a concertina entanglement.

This lesson contains the following topics:

Topic See Page
Introduction 2-3
Installation 2-4
Classification of Obstacles 2-6
Classification of Entanglements 2-7
Components 2-9
Concertina Wire Entanglements 2-11
Barbed Wire Entanglements 2-15
Lesson 1 Exercise 2-19
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Installation

Introduction

As a division engineer, you will be required to install wire entanglements in
support of various missions. You must know which entanglement is best
suited to the mission and how it is constructed. Additionally, you must know
the components for the individual obstacle. While this is not all-inclusive, it
will aid you in performing your mission successfully and more effectively.

Purpose of
Wire
Entanglement
Installation

Wire entanglements are used to support the tactical plan in both offensive and
defensive operations. Reinforcing obstacles, including entanglements,
support the maneuver commander’s plan, and must be covered by observation
and fire. They are integrated with observed fires as well as existing obstacles
(natural or manmade) and other reinforcing obstacles. Wire entanglements
are employed in depth and can be employed for surprise. These
entanglements can be used to channel the enemy, and depending on the
method of employment, can slow both foot personnel and vehicle traffic.

Direct Fire
Assessment

Marines and construction equipment can be exposed to enemy fire while
emplacing wire entanglements. They should be emplaced before the start of a
battle. If that is not possible, they should be installed on a terrain feature
away from any direct fire weapons area to reduce the possibility of disruption
of the emplacement process by enemy fire.

Observation

Special
Attention

MCI Course 1373A

Engagement areas can be developed through effective placement of obstacles,
especially in areas where proper placement can restrict and slow enemy
maneuver. By slowing enemy movements, the probability of friendly direct
and indirect fires increases the hit. The obstacle site is determined by the
tactical commander and his senior engineer to offer the best relative
advantage. Consideration must be given to the terrain and effective weapons
range.

Special attention should be given to locating obstacles that will complement
the fires of dragon, tanks, and tube-launched optically-tracked wire-guided
(TOW) antitank missile system. Since TOWs have a greater maximum
effective range than threat tanks, it is advantageous to site part of the tactical
obstacle system to capitalize on that advantage.

Continued on next page
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Installation, Continued

Observed Observed indirect fires are also used in conjunction with obstacles.

Indirect Fires  QObservation of the target area and adjustment of fires is essential to take full
advantage of the use of indirect fires. Indirect fires serve to protect the
obstacle by making it too costly to breach.

Support Other  Wire entanglements are used to take maximum advantage of existing

Obstacles obstacles, manmade or natural. They are placed where gaps between existing
obstacles can be closed or channeled and will close any passage through
them. Obstacles are integrated with each other to ensure that probable bypass
routes are closed as well. It does little good to close one avenue of approach
if another exists nearby.

Anti-Vehicular  The illustration below shows an anti-vehicular wire obstacle that consists of a
Wire Obstacle  wire entanglement supporting existing natural obstacles of the steep
embankments.
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Classification of Obstacles

Three Types

Belt

Band

Zone

Employment In
Depth

MCI Course 1373A

There are three classifications of obstacle employment:

e Belt
e Band
e Zone

A belt is a single line of obstacles such as a wire entanglement one fence in
depth.

A band consists of two or more belts in depth, with no interval between them.
The belts may be fences of the same type, or the band may be composed to
two or more fences of different types.

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

Simple obstacles (a single wire entanglement) arranged one behind the other
along a probable avenue of approach can be far more effective then a large,
elaborate obstacle, and in many cases faster to construct. Placement of
obstacles is important. They cannot be located too close to one another. By
keeping obstacles far enough apart, the enemy must deploy their counter
obstacle forces and/or equipment for each obstacle. The distance between
obstacles will depend on the terrain and the obstacle effort available.
Additionally, the use of smaller obstacles will force the enemy to expose to
loss his limited counter obstacle equipment and personnel. The destruction of
counter obstacle resources that were initially allotted to the enemy’s leading
elements will slow the enemy’s movement until new counter obstacle units
can be brought forward. Slower movement allows greater opportunity for
direct and indirect fires to destroy targets.
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Classification of Entanglements

Basic Methods

Tactical

Protective

MCI Course 1373A

Entanglements are classified by how they are employed. The three basic
employment methods for wire entanglements are

e Tactical
e Protective
e Supplementary

Proper employment is shown schematically in your FM 5-34.

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

Protective wire is constructed to prevent surprise assaults from points close to
the defense area. All antipersonnel obstacles are close enough to the defense
area for day and night observation and far enough away to prevent the
effective use by the enemy i.e. setting up positions just beyond the obstacle,
and out of hand grenade range, normally 40 to 100 meters (131 to 328 ft).
Protective wires surrounds the individual units of a command, to enclose
entire defensive positions, and are erected around rear-area installations in the
same manner.

Continued on next page

2-7 Study Unit 2, Lesson 1






Classification of Entanglements

Supplementary

Diagram
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Supplementary wire is located in front of the forward edge of the battle area
(FEBA) are used to conceal the exact line of the tactical wire. To the rear of
the FEBA, supplementary wire is used to enclose the entire defensive position

by connecting the protective wire entanglements. Supplementary wire
entanglements used to break up the line of tactical wire should be identical to
the tactical wire entanglements and constructed simultaneously with them

whenever possible.

The illustration below shows a wire entanglement diagram.
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of wire employment.
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Components

Physical
Components

Wire Material

Concertina
Wire

Boat Cleat
Shaped
Protrusions

MCI Course 1373A

The purpose and placement of obstacles are major considerations of an
obstacle. There are physical components common to any wire obstacle
installation. Those components are

e Wire material
o Picket material
e Personnel

The Marine Corps uses two basic types of wire material in the construction of
wire entanglements:

e Concertina wire
e Barbed wire

Concertina wire is prefabricated spiral wire with a 36-inch diameter.
Attached to this spiral are thousands (every 2 to 3 inches) of very sharp
protrusions which are shaped like boat cleats.

The illustration below shows the boat cleat shaped protrusions found on
concertina wire.
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Continued on next page
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Components

Barbed Wire Barbed wire consists of two strands of wire twisted together with knots of
wire placed every 6 to 8 inches along its length. The ends of the knots are cut
at angles making them sharp.

Picket Material A picket serves as a fence post or stake driven vertically into the ground. The
most common picket used throughout the Marine Corps is the U-shaped
picket. This picket comes in a variety of lengths. Wire obstacles call for the
use of both short (2 foot) and long (5-6 feet) pickets. Notches are cut into the
side flanges of the U-shaped pickets every 8 inches on alternating sides.
These notches are used to secure the wire and prevent it from sliding or being
slid down the post.

Personnel When constructing wire entanglements, engineers will layout the obstacle and '
Requirements  ensure the wire is laid and attached to the pickets properly.

The security team should be provided by the requesting unit and will vary in
size depending on the size of the obstacle. There should be enough security
personnel to provide covering fire for the laying teams to seek cover and
return fire in the case of enemy attack.

Ideally, the laying party will be broken down into teams. The number of
teams and site will vary. All personnel do not have to be engineers since
anyone can be used to drive posts, stage wire, and carry posts.

MCI Course 1373A 2-10 Study Unit 2, Lesson 1






Concertina Entanglements

Purpose

Triple-
Stranded

MCI Course 1373A

A concertina entanglement is designed to channel and slow enemy personnel.
This obstacle is constructed through the placement of three strands or rows of
concertina wire. Two rows are laid side-by-side with a third row resting on
top of the valley between the original two. All rows are installed with
staggered joints. Each line is completed before the next is started so that a
partially completed concertina entanglement presents some obstruction. This
obstacle is erected quickly and is difficult to cross, cut, or crawl through.

The illustration below shows the layout of a triple-stranded concertina
entanglement with row and picket placement.

Taut Horizontal Support Wire -<90cm+> )
Racked To Upper Concertina_____ - Taut Horizontal
Halfway Between Pickets ! Support Wire
Section ¢
—— e
- 90cm»
5 Paces 5 Paces 5 Paces 2 Paces
| 3.8 m ‘l‘ 3.8m ‘l‘ 3.8m ‘l 1.5 ml
f
* <« Anchor
TA > | - =T<——»T Pickets
5 Paces 5 Paces 2 Paces
~femem— 3.8m 3.8m 1.5m
Direction Of
Construction Plan Showing Spacing Of Pickets

Continued on next page
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Concertina Entanglements, Continued

Stage One of
Installation

MCI Course 1373A

During stage one, available Marines are divided equally into three teams.
Each team performs the following tasks:

Team

Task

1

Lay out front row (enemy side) long pickets at five pace
intervals with points of the pickets on line and pointing toward
the enemy. The rear row long pickets are then laid out on line
and 3 feet to the rear of the front row pickets. Center these
pickets between the front row long pickets. An anchor picket is
laid out at the end of each row. It is placed 5 feet from the end
long picket.

Install pickets beginning with the front row (enemy side).
Concave side of U-shaped pickets face toward the enemy.

Lay out concertina rolls along the rows of pickets. One roll is
placed on the enemy side in front of the third picket. A roll is
then placed on the enemy side every third picket thereafter.
Sixteen staples accompany each front row concertina. Two rolls
are placed on the friendly side starting at the second picket and
then at every third picket thereafter. As each roll is placed in
position, its binding wires are unfastened but are left attached to
the hoop at one end of the roll.

Continued on next page

2-12 Study Unit 2, Lesson 1






Concertina Entanglements, Continued

Stage Two of After stage one is completed, the groups are organized into teams of four. To
Installation open and install the concertina wire, follow the steps below:
Step Action
1 Open the front row concertinas on the enemy sides of the double
line of pickets.
2 Lift each front row concertina in turn and drop it over the long
pickets, then join concertina ends.
3 Fasten the bottom of the concertina to the ground by driving a

staple over each pair of end hoops, one over the bottom of a coil at
each long picket, and one at the 1/2 and 1/4 points of the picket
spacing. Securing the front concertina to the ground is essential
and must be done before installing the concertina behind it.

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

5 Install the rear row concertina in the same fashion as the front row
without attaching it to the ground. Ensure that the ends or joints
do not match up, and fasten the end hoops of 15-meter (50-ft)
sections with plain steel wire ties.

6 Begin the row top midway between the ends of the lower rows,
thus breaking all end joints. Rack (tie) the top concertina to the
rear horizontal wire at points halfway between 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.

Continued on next page
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Concertina Entanglements, Continued

Proper The illustration below shows the proper installation of concertina wire.
Installation

3. Install Top Row
And Rack To Rear
Horizontal Wire.

1. Install Front Row

And Horizontal
Wire. 2. Install Back Row

And Horizontal
Wire.

\ D 5

1l AT
1. Place bottom portion 2. Place both bottom 3. Place top portion of
of first coil over picket. and top portion of first coil over picket.

second coil over picket.
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Barbed Wire Entanglements

Antipersonnel ~ Barbed wire entanglements, trip flares, noisemakers, and antipersonnel mines

Obstacle are constructed to warn against enemy patrol action or infiltration at night, to
prevent the enemy from delivering a surprise attack from positions close to
the defenders, and to hold, fix, channel or delay the enemy and provide an
effective kill zone for defenders. Such obstacles should be located close
enough to defensive positions for adequate surveillance by the defenders
during both night and day, but far enough away to keep the enemy outside of
hand grenade range.

Double Apron  There are two methods used for constructing double apron fencing, the four-

Fence and two-pace fence and the six and three-pace fence. The four- and two-pace
fence is the more effective obstacle of the two. This is due to the shorter span
between pickets. The shorter span makes it more difficult to raise the low
wires and crawl under them (less slack). Therefore, the four- and two-pace
fence is the type more commonly used. With this fence, the center pickets are
placed four paces apart and the anchor pickets are placed two paces from the
line of the center pickets and opposite the midpoint of the space between
center pickets.

The six- and three-pace fence follows the same pattern with pickets placed at
six- and three-pace intervals. For this fence, less material and construction
time are required, but since the longer wire spans makes it easier to raise the
lower wires and crawl under them, which substantially reduces its
effectiveness. Both fences are constructed in the same manner.

Stage 1: During the first stage, the pickets are laid out and installed. To do this efficiently,
Layout and there should be three equal groups, preferably 10 to 13 Marines in each team.
Install Pickets
for Double- Team Task
Apron Fence ] L : : -
ay out all the long pickets at an interval of four paces, with the end of each
picket facing toward the enemy and located where it is to be installed.
2 Lay out the short pickets at four-pace intervals. There are two rows, one in

front (enemy side) of the center picket line and one on the friendly side. They
are placed two paces away from the centerline of the fence and they are
centered between the long pickets.

3 Install all the pickets. The other two groups will assist as they finish their
respective tasks.

Continued on next page
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Barbed Wire Entanglements, Continued

Stage 2:

Install Wire for
Double-Apron
Fence

During the second stage, the wire is installed onto the pickets. Care must be
taken to ensure that Marines do not get trapped on the enemy side of the fence.
All personnel will be involved in laying the wire. The wires are laid in numerical
order. The first wire is attached and, when there is room, start the second wire.
Continue this process until all wires are laid. The table below gives you a
description of all the wires. The illustration that follows shows the layout of the
fence.

Wire

Description

This is the diagonal wire on the enemy side. It is secured to all pickets. It is important to keep this
wire tight.

This is the tripwire on the enemy side of the fence. It is secured to the diagonal wire just above the
anchor picket. This wire must be tight enough and close enough to the ground to make passage
over or under the wire difficult.

This wire is an apron wire on the enemy side of the fence. It is secured to the first diagonal wire (#
1), and thereafter to each alternate diagonal, and then to the last diagonal wire. This wire is placed
approximately 1/3 of the distance between the number two wire and the top of the center post.

This wire is attached to the first diagonal wire (#1) and thereafter to the diagonal wires which are
not tied to the # 3 wire, and then to the last diagonal wire. This wire is placed approximately 1/2 of
the distance between the number 3 wire and the top of the center post.

This is the bottom wire of the standard cattle fence. It is also the first wire to start on a long picket
vice the anchor stake. It is started at the first long picket, and ended at the last long picket. It is
stretched tightly to prevent passage over or under it.

This wire is part of the center portion of the fence and is secured to the long picket in the next
higher notch in the picket above (#5). It also starts at the first long picket and ends at the last long
picket.

This wire is part of the center portion of the fence. It is secured to the long picket in the next higher
notch in the picket above (#6). It also starts at the first long picket and ends at the last long picket.

This wire is the top of the center portion of the fence. It is secured to the top of the long picket. It
also starts at the first long picket and ends at the last long picket. Wire #6, #7, and #8 are the wires
that provide the strength to the fence and as such must be drawn tight in order to hold the pickets in
place.

This is the diagonal apron wire on the friendly side. It is secured to all pickets. Numbers 10 and 11
are apron wires and #12 is the tripwire on the friendly side of the fence. Wire #12 is installed in the
same manner as wire #2 above.

10

This wire is an apron wire on the enemy side of the fence. It is secured to the diagonal wire (#9)
and thereafter to each alternate diagonal, and then to the last diagonal wire. This wire is placed
approximately 1/3 of the distance down from the top of the center post (#8) and the small pickets.

11

This wire is attached to the diagonal wire (#9) and thereafter to the diagonal wires, which are not
tied to the (#10) wire, and then to the last diagonal wire. This wire is placed approximately 1/2 of
the distance between the number nine wire and the small pickets.

12

This is the tripwire on the friendly side of the fence. It is secured to the diagonal wire just above
the anchor picket, and continues along the friendly side of the fence being tied just above all the
short pickets. This wire must be tight enough and close enough to the ground to make passage over
or under the wire difficult.

MCI Course 1373A

Continued on next page
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Barbed Wire Entanglements, Continued

Wire Diagram  The illustration below shows a wire diagram of the double apron fence.

*4 Paces , *4 Paces , *4 Paces

*2 Paces
1.5m 10-——
X 11—
*2 Paces AT 12—
1.5m R v" Apron ? 1110
Plan 12 Legend
No. 1-2-3-4 Indicate
* Use 6 And 3 For Order Of Erecting Wire
6 And 3 Fences 70 cm Isometric View
R - wy .
g i Anchor Picket
> P At Each End
Of Fence

45 cm ~[*2 Paces|[*2 Paces

Cross Section

NOTE: Place The Mines

Under The Aprons
Four-Strand The four-strand cattle fence is the center section of a double apron fence and
Cattle Fence can be installed rapidly to obtain some obstacle effect. Aprons can be added

later to develop it into a double apron fence. In a country where farmers use
wire fences, obstacles in the form of four-strand cattle fences will blend with
the landscape. Their design should follow as closely as possible the local
custom, usually wooden pickets at about two- to four-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 permit, 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 9£ this fence must start and end at an anchor picket.
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Continued on next page
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Barbed Wire Entanglements, Continued

Construction Eight Marines should be used to install short sections of this fence and up to
16 Marines to install 300-meter (984-ft) sections. The layout and installation
consists of two stages.

Stage 1: Each group is responsible for the following:

Layout and

Install Pickets Team Task

for Four- 1 Carry and lay out long pickets at 3-meter (9.8 ft) intervals

Strand Cattle . . . .

F along the centerline of the fence, beginning and ending the

ence . . . . . .
section with an anchor picket and including anchor pickets for
guys if needed.
2 Install the pickets.
Stage 2: Both groups are involved in installing the wire. Follow the steps below to

Install Wire for install the wire:
Four-Strand

Cattle Fence Step Action
1 Marines individually move to the head of the fence and are
organized into teams of two or four to install wires.
2 For four-man teams, two men carry the reel and two men make
ties and pull the wire tight.
3 For two-man teams, the wire must first be unrolled for 50 to 100

meters (164 to 328 ft) and return to the head of the work and make
the ties, or the wire may first be made up into bobbins to be
carried and unwound by one man while the other man makes the
ties.

4 The first team installs the bottom fence wire, and draws it tight
and close to the ground.

5 Succeeding teams will install the next higher wire in order.
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Lesson 1 Exercise

Directions Complete exercise items 1 through 10 by performing the action required.
Check your answers against those listed at the end of this lesson.

Item 1 The purpose of wire entanglement installation is to support the

a. tactical plans in both offensive and defensive operations and the maneuver
commander’s plan.

b. tactical plan in defensive operations only, as well as the maneuver
commander’s plan.

c. tactical plan in offensive operations, while reinforcing the maneuver
commander’s plan.

d. maneuver commander’s plan, and must be covered by observation and
fire.

Item 2 Through Matching: For items 2 through 4, match the classification of obstacle

Item 4 employment in column 1 with its definition in column 2.
Column 1 Column 2
Classification of Obstacle Description
Employment
2. Belt a. Consists of two or more bands or
3. Band belts in depth with intervals
4. Zone between them
b. An entanglement one fence in
depth

c. Consists of two or more belts in
depth with no interval between
them.

Continued on next page
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Lesson 1 Exercise, Continued

Item 5 Through Matching: For items 5 through 7, match the classification of wire

Item 7 entanglements in column 1 with its use in column 2.
Column 1 Column 2
Classification of Wire Use
Entanglements
___ 5. Tactical a. Used to conceal the exact line of
6. Protective the tactical wire.
7. Supplementary b. Used to break up enemy attack

formations and hold the enemy
in areas covered by the most
intense defensive fire

c. Constructed to prevent surprise
assaults from points close to the
defense area

Item 8 The three physical components for constructing wire entanglements are wire
material, picket material, and

triple-stranded concertina.
personnel.

four-strand cattle fence.
barbed wire.

;oo

Item 9 The purpose of a concertina entanglement is to channel and enemy
personnel.

kill
locate
slow
catch

o op

Continued on next page
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Lesson 1 Exercise, Continued

Item 10 What is the first step when installing a concertina wire onto its picket?

a. Open the front row concertinas on the enemy sides of the double line of
pickets.

b. Install back row and horizontal wire.

c. Install top row and tack to rear horizontal wire.

d. Place top portion of first coil over picket.

Continued on next page
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Lesson 1 Exercise, Continued

Solutions

MCI Course 1373A

The table below lists the answers to the exercise items. If you have any

questions about these items, refer to the reference page.

Item Number Item Answer Reference Page
1 a 2-4
2 b 2-6
3 c 2-6
4 a 2-6
5 b 2-7
6 c 2-7
7 a 2-8
8 b 2-9
9 c 2-11

10 a 2-13

2-22
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LESSON 2
REVETMENT

Introduction

Scope A revetment is a facing used for sustaining an embankment or a barricade to
provide protection against bombs, splinters, strafing, direct fire weapons, and
fragmentation. It serves mainly to support excavated surfaces from the
effects of weather and use by personnel. This reduces cave-ins, and provides
for long-term use of trench lines. This lesson describes the process and
procedures for the proper placement of revetment materials.

Purpose The purpose of this lesson is to provide you with the knowledge to
successfully identify and place revetment material in field fortification
applications.

Learning At the end of this lesson, you should be able to

Objectives '

e Identify suitable revetment materials.
e Identify the components of a revetment.
e Identify the required placement of revetment materials.

o Identify the factors that affect the holding power of deadmen anchoring
systems.

In This Lesson  This lesson contains the following topics:

Topic See Page
Introduction 2-23
Revetment Materials 2-24
Construction of Revetment Material 2-26
Deadman Anchoring System 2-30
Lesson 2 Exercise 2-32
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Revetment Materials

Suitable

Natural

Continuous
Brush

Brushwood
Hurdle

MCI Course 1373A

A high degree of imagination is essential to ensure the best use of available
materials. Many different materials that exist on the battlefield and
prefabricated materials found in industrial and urban areas can be used for
position construction. Depending on the local area, materials that may be
available are

Corrugated metal sheets
Plywood

Doors

Logs

Brush

Timber

Dimensional lumber
Sandbags

Brush, branches, and logs are naturally occurring materials that are used in
revetments.

A continuous brush revetment is constructed in place and runs the length of
the earthwork being reveted. It consists of 3-inch diameter uprights with
brush being placed behind them.

A brushwood hurdle is a woven revetment of brush pieces or branches. Each
unit is usually 6 Y2-feet long and as high as the earth wall they are meant to
support. The illustration below shows the construction of a brushwood
hurdle.

Continued on next page
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Revetment Materials, Continued

Log

Manmade

Timber

Dimensional
Lumber

Sandbags

Corrugated

Metal Sheets

Plywood

MCI Course 1373A

Log revetments consist of log uprights with logs laid horizontally between the
uprights and the earth.

Manmade revetment materials are anything that can be held in place with
uprights to hold back earth. Some of these materials are

Timbers
Dimensional lumber
Sandbags
Corrugated metal
Plywood

Timbers are pieces of milled lumber that are over 6 inches on a side. Timbers
would only be used on a permanent position. This revetment consists of
vertical timber uprights holding horizontal timbers, or planks in place against
the earth’s wall.

Dimensional lumber is wood that has been milled and it is less than 6 inches
on a side. A revetment made with this material consists of vertical uprights
holding horizontally laid lumber in place against the earth’s wall.

Sandbags are synthetic bags designed to resist deterioration for 2 years. They
can be filled with earth soil that is dug out of the earthwork or other available
material.

A revetment of corrugated metal sheets is durable, rapidly deployed, and
easily adaptable to any size job. It consists of uprights that hold the
corrugated sheets in place against the earth’s wall.

Plywood is only suitable if it is one-inch thick or can be supported with
enough uprights to keep it from failing. It is laid between the vertical
uprights and the earth.
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Construction of Revetment Material

Components

Uprights

Horizontally
Laid Material

Anchor System

Stability

MCI Course 1373A

Revetments, regardless of which materials are used, have several common
components:

e Uprights
e Horizontally laid material
e Anchor system

Uprights are the vertical members of the revetment, and extend both into the
ground as well as above the earthworks. They are braced or backfilled at the
bottom and attached to an anchoring mechanism at the top.

Horizontally laid material holds the earth back and isplaced between the
upright and the earth where it acts as a barrier to cave-ins.

The anchor system is normally stakes and/or holdfasts. If the revetment is
deep enough or the soil is loose enough, deadmen (one of the best types of
anchorages for heavy loads or permanent installations because of its great
holding power) may be required to hold the revetment in place. Stakes and
holdfasts are installed at a distance equal to or greater than the depth of the
revetment, from the top of the revetment. If the revetment is 5-feet deep, the
stakes will be driven at least 5-feet away from the top of the upright to which
it is attached. The stakes are attached with wire or wire rope (cable).

Stability of revetments is achieved through placement support and anchoring.
Revetments are placed in areas where they will perform as designed. Placing
uprights in holes and backfilling the holes or bracing between two uprights
directly across from one another (allowing for mutual support) will provide
stability and strength to a revetment. Using the proper spacing of uprights for
the type of revetting material you have is also critical to stability. The anchor
system provides additional support for uprights and uses the weight of the soil
to hold back the soil.

Continued on next page
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Construction of Revetment Materials, Continued

Brushwood
Hurdles

Continuous
Brush

Corrugated
Metal and
Plywood

MCI Course 1373A

Brush pieces or branches that are about 1 inch in diameter are woven into a
framework of sharpened pickets placed at 20-inch intervals. When
completed, the 6 Y2-foot lengths are carried to the position where the pickets
are driven in place. The tops of the pickets are tied back to stakes or
holdfasts, and the ends of the hurdles are wired together. This process allows
you to build the hurdles near the source of brushwood and transport the
hurdle to the revetment site and place it. This way the site does not get
congested with personnel.

Sharpened pickets 3 inches in diameter are driven into the bottom of the
trench at 30-inch intervals and about 4 inches from the reveted earth’s face.
The space behind the picket is packed with small, straight brushwood laid
horizontally. The tops of the pickets are anchored to stakes or holdouts. The
uprights are larger (3-inches) in this type of revetment because the revetment
material itself is smaller and weaker than that used in the brushwood hurdles.
This type of revetment is constructed in the earthworks and can cause some
congestion if there is foot traffic in the earthworks.

Corrugated metal and plywood revetments are constructed in the same
manner. Uprights are installed and the corrugated metal (or plywood) is
placed between the upright and the earth. It is laid horizontally. If the
earthworks being reveted are deeper than one row of corrugated metal, a
second row is added above the first. Ensure that there is overlap and that the
new layer is behind the original one. This can be continued until the desired
height is reached. This means both corrugated metal and plywood are
durable, rapidly deployed, and is easily adaptable to the size job. It can be
overlapped to obtain any height or length.

Continued on next page
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Construction of Revetment Materials, Continued

Timber and Timber and dimensional lumber revetments are constructed the same way.
Dimensional The timber and lumber are laid horizontally against the earth walls, within the
Lumber earthwork, and are held in place by upright lumber/timbers that go below

ground and rise above the top of the earthwork. Uprights must cover the
seams created by putting two pieces of the revetting lumber together to
prevent collapse. If the seams are between uprights, a weak spot is created.
Depending on the depth of the revetment and the soil, you may want to place
an upright on each side of the joint.

Ilustration The illustration below shows a trench line that has been reveted with
dimensional lumber.

Stakes or holdfasts Maximum distance
are placed here. between posts is 2 m.

7
8

45 cm

D1 is equal to or greater than H
D2 is equal to H + 0.61 meter

Continued on next page
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Construction of Revetment Materials, Continued

Sandbag
Revetment

Placement of
Sandbags

MCI Course 1373A

Sandbags are filled about 3/4 full with earth and the choke cords tied. Choke
cords are the tie cords that are either attached to the individual bag or come in
a bundle with the bags. The bottom corners of the bags are tucked in after
filling. The bottom row of the revetment is constructed by placing all bags as
headers. The wall is built using alternate rows of stretchers and headers with
the joints broken between courses. The top row of the revetment wall
consists of headers. A row of headers consist of two rows of sandbags, side-
by-side, perpendicular to the earth wall, equaling the width of a stretcher.
Stretchers are the sandbags that run parallel to the earth wall. The sides of the
earthwork being sandbagged must be sloped at a ratio of 1:4 and lean against
the earth to hold in place. All bags are placed so that side seams are on
stretchers and choked ends on headers are turned toward the reveted face. As
the revetment is built, it is back filled to shape the reveted face to this slope.

The illustration below shows the proper placement of sandbags by alternating
between headers and stretchers.

Joints Broken

<> <Ll
/ Stretchers Elevation B
Headers\i>
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Deadman Anchoring System

Description A deadman is one of the best types of anchorages for heavy loads or
permanent installations because of its great holding power. They can be
constructed from a log, a rectangular timber, a steel beam, or a similar object
buried in the ground with a guy line or sling attached to its center. The guy
line leads to the surface of the ground along a narrow upward sloping trench.

Typical The illustration below depicts a typical deadman.
Deadman

Holding Power  The holding power of a deadman is affected by

Frontal bearing area
Mean depth

Slope ratio/angle of pull
Deadman material

Soil condition

Frontal Bearing The frontal bearing area is required to hold the same weight as the breaking
Area strength of the particular cable in use.

Mean Depth Mean depth is the distance from ground level to the center of the deadman.

Continued on next page
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Deadman Anchoring System, Continued

Slope Ratio/ The angle of pull represents the slope ratio as a degree, i.e. a 1:4 slope ratio is
Angle of Pull also a pull angle of 14°.

Deadman Deadman materials are basically anything that can be buried, has a cable
Material attached to it, and withstands the pressure applied by the cable. It can consist
of

Logs
Timbers
Metal beams
Concrete

Soil Condition  Soil condition refers to the composition and stability of the soil, as well as
moisture content. The composition is the type of soil it is, i.e. sand, gravel, or
clay. The stability comes directly from the type of soil you are dealing with.
Sand will never be considered stable soil but some clay-based soils are very
stable. Use the soil test kit to find out what is available to you and what is in
the tool inventory for your platoon.
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Lesson 2 Exercise

Directions Complete exercise items 1 through 7 by performing the action required.
Check your answers against those listed at the end of this lesson.

Item 1 through  Matching: For items 1 through 4, match the material in column 1 with its

Item 4 description in column 2.
Column 1 Column 2
Material Description
1. Brushwood hurdle a. Designed to resist deterioration
___ 2. Timber for 2 years
3. Dimensional lumber b. Wood that has been milled and
4. Sandbags is less than 6 inches on a side
c. Pieces of milled lumber that are
over 6 inches on a side
d. Woven revetment unit usually
6 Y.-feet long and as high as the
earth wall it supports
Item 5 The components of a revetment are the uprights, horizontal laying system,
and
a. slope ratio.
b. anchor system.
c. earthworks.
d. runners.
Continued on next page
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Lesson 2 Exercise, Continued

Item 6 When placing a timber and dimensional lumber revetment, lay them
against the earth’s walls within the earthworks.

vertically
horizontally
topside
backside

o o

Item 7 The holding power of a deadman is affected by frontal bearing area, mean
depth, slope ratio/angle of pull, deadman material, and soil

compaction.
condition.
density.

moisture content.

o o

Continued on next page
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Lesson 2 Exercise, Continued

Solutions

MCI Course 1373A

The table below lists the answers to the exercise items. If you have any
questions about these items, refer to the reference page.

Item Number Answer Page Number
1 d 2-27
2 c 2-25
3 b 2-25
4 a 2-25
5 b 2-26
6 b 2-28
7 b 2-30

2-34
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LESSON 3
SURVIVABILITY POSITIONS

Introduction

Scope This lesson describes the process and procedures to design and construct
survivability positions.

Purpose The purpose of this lesson is to provide you with the knowledge to
successfully design and construct survivability positions for various missions.

Learning At the end of this lesson, you should be able to
Objectives

o Identify the common traits of survivability positions.

Identify the purpose of survivability positions.

e Identify the information required on a bill of materials list.

o Identify the steps to produce a materials estimate list for a project.
o Identify the two types of fighting positions.

o Identify the dimensions of fighting positions.

In This Lesson  This lesson contains the following topics:

Topic See Page
Introduction 2-35
Survivability 2-36
Survivability Positions and Their Dimensions 2-39
Bill of Material Preparation 2-42
Fighting Positions and Their Dimensions 2-45
Lesson 3 Exercise 2-50
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Survivability

Introduction Battlefield survival critically depends on the quality of protection afforded by
the positions. The full spectrum of survivability encompasses

Planning and locating position sites

Designing adequate overhead cover

Analyzing terrain conditions and construction materials
Selecting excavation methods

Countering the effects of direct and indirect fire weapons

Concept The survivability concept on today’s battlefield includes all aspects of
protecting personnel, weapons, and supplies while deceiving the enemy.
Division engineers should be knowledgeable in building a good defense using
concealment, deception, and camouflage as well as constructing fighting and
protective positions for both individuals and equipment. Properly designed
and built survivability positions decrease personnel and equipment losses by
reducing exposure to threat acquisition, targeting, and engagement.
Protective construction also boosts the confidence of Marines in fighting
positions, enabling them to use their weapons or weapons system more
effectively.

Common Traits There are common traits among all types of survivability positions:

e Overhead cover
e Protection from fragmentation and direct fire weapons
e Camouflage

Continued on next page
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Survivability, Continued

Survivability
Doctrine

Direct Fire
Weapons

Indirect Fire
Weapons

MCI Course 1373A

Survivability doctrine addresses five major points in today’s battlefield.

e Maneuver units are responsible for developing, positioning, and building
their positions.

e The maneuver commander defines the engineer’s role in survivability.

e Engineer support will supplement units as determined by the supported
commander’s priorities.

e Engineer support will concentrate on missions requiring unique engineer
skills or equipment.

e Survivability measures begin with using all available concealment and
natural cover, followed by simple digging and constructing fighting and
protective positions. As time and the tactical situation permit, these
positions are improved.

Direct fire is delivered on a target using the target itself as a point of aim for
either the weapon or the individual firing the weapon. The enemy uses direct
fire weapons in offensive maneuvers. Massive amounts of firepower are used
to enhance their maneuverability, mobility, and agility and produce the shock
of its weaponry. The tank is the primary ground combat weapon, which is
supplemented by armored personnel carriers. The enemy will focus their
attack at a perceived weak point in our defensive formation. Therefore, in the
defense, extensive survivability operations are conducted. Initial focus is
primarily on deliberate position construction and hardening for both weapons
positions and command and supply positions. Alternate and supplementary
positions are also located and prepared as time allows.

Indirect fire is delivered on a target that is not used as a point of aim for the
weapons or the individual firing the weapon: i.e. artillery or mortars. In
combination with air strikes and direct fire weapons, indirect fire seeks to
accomplish one of the three levels of personnel and equipment destruction:

e Harassment is 10%.
e Neutralization is 25 to 30%.
e Total destruction is 50% or more.

Continued on next page
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Survivability, Continued

Protection Protection from the effects of indirect fire requires a great deal of time and
From Indirect  equipment. Maneuver units under the supervision of attached engineers
Fire usually construct covered, dismounted firing positions, and shelters adjacent

to large weapons emplacements. Construction upgrades and maintenance are
continuous in permanent or semi-permanent defensive positions. As an
example, trench lines have to be carefully laid out and constructed to be
effective.

Zigzag Trace

|<—15 Paces—»l General Line of Trade

6 ches
/\/

Octagonal Trace
6 Paces 16 Paces _General Line of Trade

NOTES:1. Delete the rear berm
2. Ensure that the front berm
is at least 3 feet at the top.
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Survivability Positions and Their Dimensions

Survivability
Positions

Plywood
Perimeter
Tower

MCI Course 1373A

Survivability positions are built to withstand hits from both indirect and direct
fire weapons and weapons systems. They range from above ground perimeter
bunkers to below ground structures, and are as large or small as the mission
requires. Large positions may be designed for housing a vehicle and a
position can be as small as a position for two Marines to sleep in. The
available materials determine the shape and the construction method for each

position.

The plywood perimeter tower position (shown below) is used as an above
ground protective security position. It can be built on posts or directly on the
ground. The walls are earth filled in either case.

13°

13°

| 3.4-IN. PLYWOOD § |

—

~ ROOF PAPER

[ 2-x_10-IN. ROOF JOIST

e NP "

2t
430

~I_4'x 10-IN_GIRDER *: "7l 4-x 10-IN. GIRDER _ia1l
N 2-x 4.IN. SIDES 2-x 4-IN. SIDES
2x 4-IN. DOOR STOP pe8 x 8 Lg-x 8-1n. POST:
] L1
| L
2x 4N, STUDS~ 21 4-IN. STUDS~
1 ]
-x_10-IN_ FLOOR JOIST O
T 3 = 4x 10-IN_FLOOR G
&
. DIAGONAL N DIAGONAL M
- BRACES é} BRACES IR
ey SR, . .

FRONT ELEVATION

#8 TIE WIRE
WALERS
2 x 4IN

TYPICAL WALL SECTION

I_ ™ 4-x 10-IN. BEAiIlVG PLATE

9

TYPICAL SIDE ELEVATION

BILL OF MATERIALS

ITEM UNIT
2°x4"x12" EA
2"x4"x14’ EA
2°x10"x14" EA
4x10"x14° EA
8"x8"x16' EA
4'x8'x3/4" PLWD EA
NAILS. 20d L8
NAILS. 60d L8
BOLTS. 3/4"x14" EA
ROOF PAPER SF

QUANTITY

120
30
40
17

4
32
50
25

8

200

NOTE: THIS BUNKER CAN BE ELEVATED
AS SHOWN OR BUILT DIRECTLY

ON THE GROUND.
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Survivability Positions and Their Dimensions, Continued

Timber Frame  The timber frame buried shelter (shown below) is installed either partially

Buried Shelter  buried or completely belowground. When built below ground, it provides
excellent cover from indirect fire fragmentation and direct fire. When
properly constructed, the overhead cover will shield against direct hits from
indirect fire weapons up to 82mm.

Metal Culvert  The metal culvert shelter (shown below) is quickly constructed above ground
Shelter and is used in areas where personnel are billeted, but may need to take cover,
e.g. outside mess halls or barracks. This shelter provides protection from

small arms and mortars.

60" or 72", 8 to 16 Gage
Corrugated Metal Pipe
Bolted To 2"x8" Board

Soil-Filled Blast Wall
(Min 1' Thick) Made From
Ammo Boxes, Dimensioned

od —>
Sandbag Cover Length as Require
- Timber, Etc.

Front and Back Only.
Fill Between With Soil

Soil-Filled Revements
Made From Ammo Boxes,
Oil Drums, Landing Mat, Etc.

Continued on next page
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Survivability Positions and Their Dimensions, Continued

Metal Shipping Large metal shipping container shelters (shown below) are like consolidated

Container express containers (CONEX). Since the floor of the CONEX box is stronger

Shelter than the roof and will withstand blast and weight better, the box is inverted.
The most effective way to build it is to place the inverted box in a hole dug to
about half the height of the CONEX box and cover with earth and sandbags.
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Bill of Material Preparation

Introduction

Materials
Takeoff List

MCI Course 1373A

A bill of material (BOM) is a list needed to complete a project. It is based on
takeoffs and materials needed. It includes item number (parts and materials),
name, description, unit of measure, quantity, and the stock size and national
stock numbers. The weight of items may be required for transportation
purposes. The engineer uses the BOM to order the materials needed to
complete a project.

The materials takeoff list is a list of materials taken from a set of plans. The
table below is an example takeoff list derived from the illustration below.

Description Number | Unit | Length | Size | Length | Number | Quantity
of Pieces of Item per
Length
Footers 45 PC 1’-5” | 2x6 10° 7 7
Foundation 15 PC 1’-4” 6x6 8 4 4
Post
Scabs 20 PC 1’-0” 1x6 8 8 3
Girders 36 PC | 10°-0” | 2x6 10° 1 36
Joists 46 PC | 10°-0” | 2x6 10° 1 46
Joist Splices 21 PC 2’-0” 1x6 8 4 6

The illustration below is a typical drawing for footings and joists of a
building.
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