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Chapter 1
Combat operations

C O M B A T  O R D E R S COMBAT PREPARATIONS

Combat orders are written or oral communications used to transmit information
pertaining to combat operations.

Warning Order
A warning order gives advance notice of a contemplated action or order which is to
follow. Although a warning order has no prescribed format, all known elements
should be included. Figure 1-1 represents a suggested format.

WARNING ORDER - Stated to alert recipients

ADDRESSEES - To whom the order pertains

SITUATION - A short concise statement of the friendly and enemy situation

TIME/NATURE OF OPERATION - Type of mission

EARLIEST TIME OF MOVE

TIME/PLACE FOR OPORD ISSUANCE

SPECIAL INSTRUCTIONS - Details of early coordination to be made rehearsals

and special equipment requirements

ACKNOWLEDGE

Figure 1-1. Warning order - essential elements

Operation Order (OPORD)
The operation order sets forth the organization for combat (task organization), the
situation, the mission, the commander's decision and plan of action, and the details
of the execution needed to ensure coordinated action by a unit. The standard OPORD
format is shown in Figure 1-2 (page 1-2).

Tactical Reed Marches
Movement order
Movement order or briefing should include as a minimum the following:

• Enemy and friendly situation.
Ž Destinat ion.
• Star critical release and rally points.
• Rate of march and catch up speed.
Ž Support (indirect, direct and medical and communications.
• Actions on contact.
Ž Order of march.
• Route alternate route.
• Distance between vehicles (day - 50 - meters, night - 25 - meters).
• Departure time.
• Location of commander.
• Lead vehicle (security reconnaissance).

Rates of march
See Table 1-1 (page 1-3)

March security
Each vehicle must be assigned a sector of fire (Figure 1-3, page 1-3). Vehicle crew
maintains 360° observation and an air guard.

Halts
Security is first priority on any scheduled, unscheduled or disabled vehicle halt. Two
halt formations are shown in Figure 1-4 (page 1-3).

Fragmentary Order
A fragmentary order is used to change or modify the OPORD. It normally follows the
OPORD format but only includes the items to be changed or modified.
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Table 1-1. Average rates of marches

NOTES: 1. This table is for general planning and comparison purposes. All rates given are variable
in accordance with the movement conditions as determined by reconnaissance. The
average rates include periodic rest halts.

2.. Miles per hour are listed in parentheses.

Figure 1-4. Halt formations

Figure 1-3. Sectors of fire
1-3



Bivouac and Assembly Areas
Area must be organized to provide a continuous 360° perimeter security. When any
element leaves the perimeter, either shrink the perimeter or redistribute the
perimeter responsibilities. Crew served weapons are the basis for the unit defense.
Individual weapons provide security for the crew - served weapons and must have
overlapping sectors of fire.

Selection characteristics are:

• Concealment.
• Cover from direct and indirect fire.
Ž Defendable terrain.
• Drainage and a surface that will support vehicles.
• Exits and entrances. and adequate internal roads or trails.
• Space for dispersion of vehicles, personnel, and equipment.
• Suitable landing site nearby for supporting helicopters.

Quartering party responsibilities are:

• Reconnoiters the area.
• Checks the area for NBC hazards.
• Checks the area for obstacles and mines then marks or removes them.
• Marks platoon and squad sectors.
• Selects a command post Iocation.
• Selects a company trains Iocation.
• Provides guides for the incoming unit(s) to accomplish immediate occupation.

Recommended priority of work is:

• Post local security (LP/ OP).
• Position crew served weapons (combat engineer vehicle (CEV) antitank (AT)

weapons and machine guns) and chemical alarms.
• Assign individual fighting positions.
Ž Clear fields of fire prepare range cards and camouflage vehicles.
• Prepare hasty fighting positions.
Ž Install change to land Iine communication.
• Emplace obstacles and mines.
Ž Construct primary Iighting positions.
• Prepare alternate and supplementary fighting positions.
• Stockpile ammunition food and water.

Recommended actions at the bivouac and assembly area are:

• Reorganization.
Ž Weapons check.
• Maintenance.
Ž Distribution of supplies.
• Rest and personal hygiene.
Ž Consumption of rations.

MOUNTED/DISMOUNTED OPERATIONS

Troop Leading Procedures
The eight steps of troop Ieading are:

1. Receive the mission.
2. Issue a warning order.

3. Make a tentative plan that will accomplish the mission.
4. Start the necessary movement.
5. Reconnoiter.
6. Complete the plan.
7. Issue orders.
8. Supervise and refine the plan.

Movement Techniques
See Figures 1-5 and 1-6 for traveling and bounding overwatches.

The dismounted squad moves with one fire team following the other. Both fire teams

use the wedge formation for all movements (Figure 1-7). See Figure 1-8 for the
movement formations.
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Figure 1-5. Traveling and traveling overwatch

Figure 1-7. Traveling dismount elements

Figure 1-8. Movement formations

Figure 1-6. Bounding overwatch
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Job Sites Security Patrolling

Prior to moving to the job site, inform everyone of warning signals, code words, and The two types of patrol are reconnaissance (zone or area) and combat (ambush,

pyrotechnics. Upon arrival at job site vicinity: security or raid). The four key principles of a successful patrol are detailed planning
thorough reconnaissance positive control and all around security. The steps to

Ž Occupy job site overwatching position. follow in preparation for a patrol are:

• Dispatch reconnaissance/minesweeping/NBC team to secure job site.
• After the area is secured, move into area and establish hasty perimeter. 1 .

• Establish escape routes and identify avenues of approach, LP/OPs, and crew- 2 .

served weapons positions. 3 .

• Place LP/OP and NBC alarms. 4 .

Issue warning order.
Conduct required coordination (Figure 1 - 9).
Issue operation order.
Inspect and rehearse.

Ž Position crew-served, AT, and automatic weapons, and prepare range cards. Reconnaissance patrol
• Divide job site into defensive sectors and assign sectors of responsibility.
Ž Maintain communication with parent unit.

Figure 1 - 10 shows the techniques used by a reconnaissance patrol. The Information
should be collected following the SALUTE (size, activity, Iocation, unit, time, and
equipment) report format. The gathered information must be shared with all patrol
members.

Figure 1-9. Patrol coordination checklist
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Figure 1-10. Techniques for conducting reconnaissance

Combat patrol
Ambush and security. See Figures 1-11 through 1-14 (pages 1-8 and 1-9). Key
points for a successful ambush are:

• Surprise.
• Security.
• Restricted enemy movement in kill zone.
• Good fields of fires.
• Withdrawal routes for ambush force.
Ž Use of fire from unexpected direction.
Ž Cover and concealment.

Raid. Raid patrols destroy or capture personne, equipment, and/or installation.
(Figure 1-15, page 1-9).
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Figure 1-11. Typical organization and employment - point (Iinear) ambush

Figure 1-12 Typical organization and employment point (vehicular) ambush
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Figure 1-13. Typical organization for an area ambush

Figure 1-14. Multiclaymore mine mechanical ambush Figure 1-15. Typical organization for a raid patrol
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FIRE SUPPORT PROCEDURES AND CHARACTERISTICS

Call for Fire Elements

Identification
Call signs

Warning order
Type mission adjust fire, fire for effect, immediate suppression.
Method of target location grid, polar, shift from known point.

Target location
Grid: six-digit grid

direction*
Polar: direction*

distance
vertical correction
(fire direction center must know observer Iocation)

*Direction can be given in degrees, mils or cardinal directions.

Shift: right/left from known point
add/drop from known point
vertical correct from known point
(fire direction center must have known point)

Target description
Size, number, type. degree of protection, status

Method of engagement (optional)
Ammunition/fuze desired, sheaf corrections, high angle, danger close.

Method of fire and control (optional)
At my command, time on target, request splash.

NOTE: Direction must be given before any subsequent corrections when adjusting
fires.

Target location examples

GRID COORDINATES

"F6A15, THIS IS F6A27 Call signs of the fire direction center
(FDC) and observer.

ADJUST FIRE, OVER" Warning to alert the firing unit.
"GRID 135246, OVER" Normally, a six-digit grid is best.
"2 MACHINE GUNS FIRING . . . . . . . .Description of the target.
VT IN EFFECT, OVER" Adjustment is conducted with fuze

quick. Fuze variable time (VT) will be
used in fire for effect.

"DIRECTION 1650, OVER." Must be sent before or with first
correction.

POLAR COORDINATES

"F6A15, THIS IS F6A27 . . . . . . . . . . .Call signs of the FDC and observer.
FIRE FOR EFFECT, POLAR, OVER" . . . . . Warning to alert the firing unit.
“DIRECTION 0250, . . . . . . . . . . . .Direction from the observer to the

target.
DISTANCE 3500, OVER." . . . . . . . . . Distance from the observer to the

target.
"25 INFANTRYMEN IN OPEN, . . . . . .  Description of the target.
ICM, AT MY COMMAND, OVER." . . . .  Improved capabilities missile (lCM)

rounds wil be used. The observer wil
command FIRE at the appropriate time
after the FDC informs the observer that
the firing unit is READY.
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SHIFT FROM A KNOWN POINT Call for fire example

"F6A15, THIS IS F6A27 . . . . . . . . . . . . . Call signs of the FDC and observer
FIRE FOR EFFECT, SHIFT
BG4301, OVER" . . . . . . . . . . . . . . Warning to alert the firing unit.
"DIRECTION 5470, . . . . . . . . . . . . Direction from the observer to the

target.
LEFT 400, OVER " . . . . . . . . . . . . . . . . . . . . . . . The target is located 400 meters to the

left of BG4301 and at the same range.
(Lateral shift or range changes can be
omitted when not needed.)

"25 INFANTRYMEN IN SHALLOW . . . . . Description of the target.
FOXHOLES, VT IN EFFECT OVER" . . . . . Airbursts are most effective against

protected personnel without overhead
cover.

OBSERVER FIRE DIRECTION CENTER

"F6A15, THIS IS F6A27,
ADJUST FIRE, OVER" . . . . . . . . . . . "F6A27, THIS IS F6A15, ADJUST FIRE, OUT“
"GRID 563192, OVER " . . . . . . . ."GRID 563192, OUT“
“25 INFANTRY IN OPEN, QUICK
AND VT IN EFFECT, OVER " . . . . . . . . ."25 INFANTRY IN OPEN, QUICK AND VT IN

EFFECT, AUTHENTICATE TANGO, FOXTROT,
O V E R

“’AUTHENTICATION IS ECHO,

OUT"
“DIRECTION 1930, OVER." . ."DIRECTION 1930, OUT."

“BRAVO, 4 ROUNDS, OVER."
“BRAVO, 4 ROUND, OUT." . . . ."SHOT, OVER."
"SHOT, OUT."
"ADD 200, OVER . . . . . . . . . . . . . . "’ADD 200, OUT."

"SHOT, OVER."
"SHOT, OUT."
"DROP 100, OVER." . . . . . . . . . . "DROP 100 OUT."

"SHOT, OVER."
"SHOT, OUT."
"LEFT 30, DROP 50, FIRE FOR
EFFECT, OVER." . . . . . . . . . . . . . . . . ."LEFT 30, DROP 50, FIRE FOR EFFECT, OUT."

"SHOT, OVER."
"SHOT, OUT."  . . . . . . . . . . . . . . "ROUNDS COMPLETE, OVER."
"ROUNDS COMPLETE, OUT. "
"END OF MISSION, INFANTRY
DISPERSED, ESTIMATE 15
CASUALTIES, OVER" . . . . . . . . . ."END OF MISSION, INFANTRY DISPERSED,

ESTIMATE 15 CASUALTIES. OUT. "
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Adjustments
The adjustments that may be needed to obtain round on target are spotting, lateral,
and range.

Spotting
Is where round lands in relation to target, such as short or long and number of mils
right or left of target. Example of spottings short 40 right or long 50 left.

Lateral correction (right/left)
Adjust the lateral shift from impact to observer target (OT) line in meters. Corrections
of 20 meters or less will be ignored until firing for effect.

W = Rm W = Lateral shift correction in meters
m = mils between burst and target

R = OT factor = target range (to nearest 1,000 meters)

1,000

NOTE: If target range is less than 1,000 meters, round to nearest 100 meters.

Range correction (up/down)
Mechanical time fuze only. Initial range shift correction is used to bracket target.
(Table 1-2).

Range deviation
See Figure 1-16.

Table 1-2. Target bracketing

Figure 1-16. Adjusting field artillery fires

Figure 1-17. Hasty method for estimating angle in mils
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Quick Smoke
When using quick smoke consider the wind speed, wind direction, smoke duration
required, and other friendly units in the area:

Table 1-4. Artillery and mortar flares

Figure 1-18. Adjusting points for quick smoke

Table 1-3. Artillery and mortar smoke
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Fire Support Equipment Characteristics

Table 1-5. Fire support equipment characteristics

1-14



NUCLEAR,  BIOLOGICAL,  CHEMICAL

Chemical Agents

Table 1-6. Chemical agents characteristics and defense
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NBC Reports

Figure 1-19. Line item definitions
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Figure 1-19. Line item definitions (continued)
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NOTE: Line items B, D, H and either C or F should always be reported, other line items may be
used if the information is known.

NOTES: 1.

2 .

This report is normally based on two or more NBC 1 reports. It includes an attack
Iocation and, in the case of a nuclear detonation an evaluated yield.
Refer to the chemical downwind message to determine cloud cover significant
weather phenomena and air stability.

NOTES: 1. If the effective windspeed is less than 8 kmph, line Z of the NBC 3 (nuclear) consists
of three digits for the radius of zone l.

2. lf the windspeed is less than 10 kmph, line PA of the NBC 3 (chemical ) is 010 which is
the radius of the hazard area.

3. Line Zl is used for NUCWARN reports. When line Zl is used, line Z is not used

F i g u r e  1 - 2 0 .  N B C  r e p o r t s
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Figure 1-20. NBC reports (continued)
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Alarms, Signals, and Warnings

Alarms and signals
friendly nuclear strikes.

Table 1-7. Alarms and signals

Mission-Oriented Protection (MOPP) Levels

Table 1-8. MOPP levels

Friendly warnings
See Figure 1-21 for warnings and Figure 1-22 for protection requirements for

1-20
Figure 1-21. Friendly NBC warnings



Figure 1-22. Protection for nuclear strikes

Figure 1-21. Friendly NBC warnings (continued)
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Downwind messages

Figure 1-23. NBC downwind messages
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Correlation and transmission factors

Figure 1-24. Correlation and transmission factors
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NBC Markers

Figure 1-25. NBC markers

Unmasking Procedures
With detector kit
Use a Chemical Agent Detector Kit (M256) to test for the presence or absence of

chemical agents. After determining the absence of agents, use the following steps to
check for chemical agent symptoms.

• Unmask two or three individuals for five minutes and then remask.
Ž Examine in a shady area for chemical agent symptoms for 10 minutes.
• Unmask remainder of troops if no symptoms appear.

NOTE: Bright light will cause contraction of the pupils which could be erroneously
interpreted as a nerve-agent symptom.

Without detector kit
Use the following steps for field expedient unmasking:

• Select two or three individuals to take a deep breath, hold it then break the seal
on the masks. Keep their eyes wide open for 15 seconds. Clear the masks and
reestablish the seal.

• Wait for 10 minutes. Watch for symptoms.
Ž If no symptoms develop, break the seal of their mask and have them take two or

three breaths. Clear and reseal the masks.
• Observe for symptoms for 10 minutes. If no symptoms were observed, unmask

same individuals for five minutes and remask.
Ž Observe them another 10 minutes for possible symptoms If no symptoms

develop in 10 minutes, the group can safely unmask.
Remain alert for the appearance of any chemical agent symptoms.
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Decontaminat ion
Equipment
Use issued items whenever available for expedient decontaminations Table 1-10
shows some natural decontaminations.

Table 1-10. Natural decontaminations

(Decontaminations readily available and frequently occurring in nature)

Personnel
Decontaminate personnel using the buddy system and the following procedure:

Step 1. Remove and decontaminate gear. Cover gear with super tropical bleach (STB)
dry mix and brush or rub into material. Shake off excess. Set aside gear on
uncontaminated surface.

Step 2. Decontaminate hood. Use M258A1 skin decontamination kit. Decontaminate

exposed areas of protective mask. Use decontaminate wipe 2 first, then decontami-
nate wipe 1 to get rid of chances of residue from decontaminate wipes. Lift hood up
off your buddy ’s shoulder by grasping straps and pulling hood over head until back of
head is exposed. Roll hood tightly around mask.

NOTE: Control contamination from spreading by putting all contaminated over-
garments and towelettes in one pile.

Step 3. Remove overgarment. Remove buddy’s jacket placing it on the ground, black
side up. Remove trousers one leg at a time. Discard trousers in centralized pile to
avoid contamination spread.

Step 4. Remove overboots and gloves. Cut strips off buddy’s boots and pull off boots.
Have buddy step onto jacket as boots are pulled off. Remove gloves. Discard boots
and gloves into centralized pile.

Step 5. Put on overgarments. Open package of new overgarments. Do not touch
overgarment. Have buddy dress while still standing on old overgarment (Step 3).

Step 6. Put on overboots and gloves. Open package of new boots and gloves. Do not
touch them. Have buddy put on new boots and gloves. Buddy may step off
overgarment once boots and gloves are on.

Step 7. Secure hood. Decontaminate your gloves using M258A1 skin decontamina-
tion kit. Unroll buddy’s hood and attach straps. Buddy checks all zippers and ties on
hood and overgarment to ensure they are closed.

Step 8. Reverse roles. Repeat Steps 2 through 7. Have your buddy help you through
the steps.

Step 9. Dig a large hole. Place all contaminated clothing and discarded towelettes in
hole and cover. Mark as contaminated area. Contaminated clothing can also be

burned if slow burning fuel (kerosene or diesel fuel) is used. DO NOT USE
GASOLINE, it burns too quickly. Commanders must warn downwind units of a
possible downwind vapor hazard if burning IS accomplished.

Step 10. Secure gear. Move to assembly area. If time and situation permits, unit may
now perform unmasking procedure to obtain relief from protective mask.
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M E D I C A L  P R O C E D U R E S

Lifesaving Steps

• Open airway, restore breathing, and heartbeat.
Ž Stop the bleeding.
• Protect the wound.
Ž Prevent or treat for shock.

Cardiopulmonary Resuscitation (CPR) Procedures
See Figure 1-26

PROBLEM

Blocked airway

Bleeding

Wounds

Fractures

Shock

General First Aid Procedures

FIRST AID

Extend neck, turn head to side and clear all refuse from
mouth.
Direct pressure on wound with sterile dressing. Elevate
wound above heart. Use tourniquet as last resort.
Expose wound, control bleeding, apply sterile dressing and
treat for shock. Do not clean wound.
Splint the break where and how it lies. Do not move patient
if possible. Immobilize joint above and below fracture. Cover
exposed bones or open wounds.
Lay patient on back, elevate feet, loosen clothes, and keep
warm. Feed hot liquids if conscious. Turn head to side if
unconscious.

Figure 1-26. Cardiopulmonary resuscitation in basic life support
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Common Wounds and Injuries

Head wound
Symptoms. If scalp wound IS not obvious, check for headaches, recent uncon-
sciousness, blood or fluid from ears or nose, slow breathing, vomiting, nausea, and
convulsions.
First aid. Leave any brain tissue as is and cover with sterile dressing. Secure dressing
and maintain head higher than body.

Jaw wound
Slightly elevate head, clear the airway, control bleeding. and protect the wound.
Position head to allow drainage from mouth. DO NOT GIVE MORPHINE. Treat for
shock as needed.

Belly wound.
Leave all organs as they are and loosely place sterile dressing over them. Give no
food or liquid. Leave victim on back with head turned to one side.

Chest wound (sucking)
Have victim breathe out and hold breath if possible. Seal wound airtight with plastic
or foil. Cover with dry sterile dressing and secure with bandages around body.
Wound must be airtight and fully covered.

Burns and Heat Injuries

PROBLEM SYMPTOM FIRST AID

Burns First degree Do not remove clothes around
(red skin) burn area. Do not apply grease
Second degree or ointment. Cover with
(blistered skin) sterile dressing. Give cool
Third degree salt/soda water.
(destroyed tissue)

PROBLEM SYMPTOM

Heat cramps Muscle cramps of
abdomen, legs or
arms.

Heat Headache, excessive
exhaustion sweating, weakness,

dizziness nausea,
and muscle cramps.
Pale, cool, and moist
clammy skin.

Heatstroke Stoppage of sweating
(sunstroke) (hot, dry skin).

Collapse end uncon-
sciousness may come
suddenly or may be
preceded by headache,
dizziness, fast pulse,
nausea, vomiting, and
mental confusion.

FIRST AID

Move person to shade and loosen
clothing. Give victim large
amounts of cold salt
water slowly. Prepare salt water
by dissolving two salt tablets or ¼
teaspoon of table salt in canteen
of cool water.

Lay person in cool shaded
area and loosen clothing.
If victim is conscious, have
victim drink three to five canteens
of cool salt water during
period of 12 hours. Prepare salt
water as described for heat
cramps.

Promptly immerse victim
in coldest water possible.
Add ice, if available
to water. If victim can-
not be immersed, move into
shade, remove clothing, and
keep wet by pouring
water over entire body.
Fan victim's wet body
continuously.
Transport victim to nearest
medical facility at once, cooling
victim’s body on the way. If victim
becomes conscious, give cool salt
water prepared as described for
“Heat cramps."
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Wet or Cold Weather Injuries Stings and Bites

PROBLEM

Frostbite

SYMPTOM FIRST AID

Skin is white, stiff, Cover frostbitten part of
and numb. face with warm hands until pain

returns. Place frostbitten bare
hands next to skin in opposite
armpits. If feet are frostbitten,
seek sheltered area and place
bare feet under clothing and
against abdomen of another
person. If deep frostbite is
suspected, protect part from
additional injury and get to
medical treatment facility
immediately. DO NOT attempt to
thaw deep frostbite. There is less
danger of walking on feet
frozen than after thawed.

Immersion Soles of feet are Dry feet thoroughly and

foot wrinkled. Standing get to medical treatment

or walking is facility immediately.

extremely painful. Avoid walking if possible.

Trench foot Numbness may be Same as immersion foot
tingling or aching
sensation, cramping,
pain and swelling

Scratchy feeling in
eyes

S n o w
blindness

w h i l e

above.

Cover eyes with dark cloth.
Transport victim to medical
treatment facility at once.

PROBLEM

Black widow
spider or
brown recluse
spider bite

Scorpion sting
or tarantula
bite

Snake bite

Bee or wasp
bite

FIRST AID

Keep victim quiet. Place ice or freeze-pack, if available,
around region of body where bite occurred to keep
venom from spreading. Transport victim to medical treat-
ment facility immediately.

For ordinary scorpion string or tarantula bite, apply ice
or freeze pack if available. Baking soda applied as paste

to site may relieve pain. If site of sting or bite is on face, neck
or genital organs or if sting is by scorpion of dangerous types

found in South America, keep victim as quiet as possible and
transport to medical treatment facility immediately.

Reassure victim and keep victim quiet. Place ice or freeze
pack, if available, around region of body where bite occurred.
Immobilize affected part in position below level of heart. If bite
is on arm or leg, place lightly constricting band (bootlace or
strip of cloth) between bite site and heart at point 2 to 4
inches above bite site. Apply band tight enough to stop blood
flow near skin but NOT tight enough to stop arterial flow or
the pulse. Transport victim to medical treatment facility at
once. Kill snake (if possible without damaging its head) and
evacuate with victim.

Treatment not usually required. Treat for shock if abnormal
reactions occur.
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Other Conditions

PROBLEM FIRST AID

Blisters DO NOT open blisters unnecessarily, as they are sterile until
opened. If you must open blister, be cautious. Wash part
thoroughly with soap and water, then apply antiseptic to skin.
Sterilize a needle in the open flame of a match. Use a sterile
needle, puncture blister at the edge. Use a sterile gauze pad,

apply pressure along margin of blister, thus removing fluid.
Place a sterile dressing over the area. DO NOT attempt self
help for blisters in the center palm of hand.

Boils DO NOT squeeze a boil, as this may drive bacteria into the
blood stream and cause internal abscesses or bone infection.
This is especially unwise if boil is around nostrils, upper lip, or

around the eyes. In these areas the blood stream leads to
brain area. Relieve discomfort from small boils by applylng
warm compresses wet in Epsom salt solution (1 teaspoon salt
to pint of warm water) at 15-minute intervals. DO NOT apply
these compresses to facial boils unless under medical
direction. If boil breaks, wipe pus away with sterile pad wet
with rubbing alcohol. Work from healthy skin toward boil and
pus. Apply sterile dressing over boil.

Unconsciousness Apply lifesaving measures as appropriate. If victim remains
unconscious, place on abdomen or side with head turned to
one side to prevent choking on vomitus, blood, or other fluid.
If victim has abdominal wound, place on back with head

turned to one side. Get victim to medical treatment facility
immediately. DO NOT give victim fluids by mouth while
unconscious. If the victim has merely fainted, victim will
regain consciousness within a few minutes. If ammonia
inhalant capsule is available, break it and place under the
victim's nose several times for a few seconds. If victim is
sitting up, gently lay down, loosen clothing, apply cool wet
cloth to face. Let victim lie quietly. Anytime a person in sitting
position is about to faint, lower the victim's head between
knees and hold the victim to prevent falling.

Precedence

URGENT

PRIORITY

Medical Evacuation (MEDEVAC)

Evacuation is required as soon as possible but not later
than two hours to save life, limb, or eyesight.

Evacuation is required within four hours or the patient’s
medical condition could deteriorate to an URGENT
precedence.

ROUTINE Evacuation is required within 24 hours.

TACTICAL IMMEDIATE The patient's medical condition is not URGENT or
PRIORITY but evacuation is required as soon as possible

so as not to endanger the unit’s tactical mission.

Types

TYPE USE REMARKS

Peacetime Actual patient May be transmitted in plain text

Wartime During wartime or Must be transmitted secured

training exercises or encrypted.

MEDEVAC request format
See Table 1-11 (pages 1-32 through 1-34).
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Table 1-11. MEDEVAC request format

1-32



Table 1-11. MEDEVAC request format (continued)
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Table 1-11. MEDEVAC request format (continued)

1-34



Field Sanitation Facilities
(Refer to FM 21-10 for more details.) See Figures 1-27 for field latrines. Keep all
Iatrines at least 100 meters away from food operation, downhill and at least 30
meters from ground water sources. Keep latrines clean and use residual insecticide
to control insects. Once the Iatrine is full to 1 foot below surface, or is to be
abandoned, remove box and spray the pit and the area within 2 feet around the pit.
FiII pit with successive 3-inch Iayers of compacted soil. Mound the pit with at least 1

foot of dirt and spray with insecticide. Place sign on top of mound indicating type,
date closed, and unit. When high water tables preclude the use of pit Iatrines,
burn out Iatrines may be used. Half of a 55 gallon drum or barrel is installed under
each hole in the Iatrine box. The drum is removed daily, fuel oil is added, and the
contents are burned to a dry ash. An inch of diesel fuel is added for insect control
before replacing the drum in the Iatrine box. Construct both hand washing facilities
and shower unit (Figures 1-28 and 1-29).

Figure 1-28. Hand-washing device, using No. 10 can

Figure 1-29. Shower unit, using metal drums
Figure 1-27. Field Iatrines 1-35



Water Disinfection and Quantity Requirements Daily water requirements
Water disinfection
Calcium hypochlorite. The following procedure is used to purify water in a one-
quart canteen with calcium hypochlorite ampules:

Ž Fill the canteen with the cleanest, clearest water available, Ieaving an all space
of an inch or more below the neck of the canteen.

Ž Fill a canteen cup half full of water and add the calcium hypochlorite from one

ampule. Stir until dissolved.
• Fill the cap of a plastic canteen half full of the solution in the cup and add it to the

water in the canteen. Then place the cap on the canteen and shake it thoroughly..
Ž Loosen the cap slightly and invert the canteen, Ietting the treated water leak

onto the threads around the neck of the canteen.
Ž Tighten the cap on the canteen and wait at least 30 minutes before using the

water for any purpose.

Iodine tablets. Use one tablet per one quart canteen for clear water and two tablets
per one quart canteen for cloudy water. Allow the water to stand for five minutes,
shake well, allowing spill over to rinse canteen neck, and allow to stand another 20
minutes before using for any purpose.

Boiling. Bring the water to a rolling boil for 15 seconds.

Table 1-12. Daily water requirements
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C O M M U N I C A T I O N

Tactical Communications
Tactical communication responsibilities are:

• Senior to subordinates.
• Supporting to supported.

• Reinforcing to reinforced.
• Lateral left to right if SOP or orders do not specify

Antenna Locations
For maximum reception, locate antenna as high as possible and avoid valleys. Locate
antennas away from built up areas, metal obstructions, or electrical power Iines.

Communication Equipment
See Tables 1-13 through 1-15 (pages 1-37 and 1-38).

Table 1-13. Communication equipment - tactical radio sets

Table 1-14. Communication equipment - auxiliary and wire
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Table 1-14. Communication equipment - auxiliary and wire (continued) Table 1-15. RC-292 antenna configuration
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Expedient Antennas

Figure 1-30. Jungle expedient antenna (FM)

Figure 1-31. Long wire antenna (FM)

Figure 1-32. Expedient suspended vertical antennas (FM)

Figure 1-33. Improvised center fed half-wave antenna (AM)
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Authentication

See Figure 1-34. Authentication is mandatory in the following instances.

• Imitative deception is suspected.
• Reports of initial enemy control and amplifying reports.
• Transmission ordering or ending any radio silence.
• Plain message cancelling other message.
• When receiving a classified message uncoded, such as changing frequencies

and directing movements.
• When making initial radio contact, opening and closing a net, or transmitting to

station under radio listening silence.
Ž Whenever challenged.
• When in doubt of a station's identify.

Figure 1-34. Authentication procedures

When challenging, select two random letters, except Z, before transmitting. Make
sure you know what the reply should be. Transmit challenge," . . . AUTHENTICATE

CHARLIE-HOTEL, OVER", receiving station must reply," . . . I  AUTHENTICATE LIMA,

OVER." If authentication is incorrect or the reply is not received promptly, transmit
another challenge. If the next reply is incorrect or untimely, notify your supervisor,
commander or Communications Electronics Operation (CEO).

NOTE: When challenge is from the last line, you must go to the first line for the reply.

Standard Radio Transmission Format
CALL
MESSAGE - This proword indicates message requires recording.
PRECEDENCE - Indicates priority of call.
TIME - Followed by date-time group.
FROM - Followed by call sign.
TO - Followed by call sign of addressee.
BREAK
TEXT - May consist of plain language code or cipher groups.
BREAK
ENDING - Must include either one of two terminating prowords.

OVER or OUT, but never both in the same transmission.
EXAMPLE: ZULU FOUR CHARLIE ONE SIX - THIS IS DELTA THREE XRAY
TWO NINE - MESSAGE PRIORITY - TIME 181345Z - BREAK - FIGURES 6
STRINGERS NEEDED AT MY LOCATION ASAP - BREAK - OVER.
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Visual Signals

Figure 1-35. Visual signals
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Figure 1-35. Visual signals (continued)
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Figure 1-35. Visual signals (continued)

1-43



Chapter 2
Mobility

THREAT DEFENSE

The Threat defense may be hasty or deliberate, with emphasis on mine employment
All obstacles are covered by director indirect fires.

Hasty Defense
The main obstacle employed is the Threat standard hasty minefield budding block
(Figure 2-1).

Figure 2-1. Threat hasty minefield

Deliberate Defense
The threat defensive obstacle system normally consists of three complex obstacles.
Each complex obstacle contains a minefield, normally with three rows 10 to 40
meters apart, and other types of obstacles. Mines within each row are 3 to 5 meters
(10 to 16 feet) apart and may be antitank (AT) or antipersonnel (AP). See Figures 2-2
and 2.3 for representative Threat obstacle systems.

Figure 2-2. Enemy defensive positions and fully

developed obstacle system
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Major Equipment
Equipment used to prepare the Threat defense is shown in Table 2-1.

Table 2-1. Threat defensive engineer equipment

Figure 2-3. Typical motorized rifle battalion strong point
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Table 2-1. Threat defensive engineer equipment (continued)

C O U N T E R M I N E

Detection Methods
Conduct an analysis by reviewing the terrain enemy capabilities and past
performances.

Visual
Check for ground disturbances, posted signs, tripwires, odd features on ground, and
signs of road repairs.

Physical (probing)

Fasten and secure all equipment to the body, use nonmetallic probe, stay close to
ground and use probe gently in 1 meter semicircle search and at a 45° angle with
the ground.

2 - 3

Electronic mine detector
Rotate operators at least every 20 minutes.

Enemy Minefield Report

Table 2-2. Report of enemy minefield
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Manual breaching and clearing
Use grappling hooks to clear booby traps prior to starting operation and thereafter as
needed. Figure 2-4 and Table 2-4 show team composition and equipment for a
breaching/clearing operation.

Table 2-4. Sweep team equipment

Figure 2-4. Sweep team composition

Figure 2-5. Breach lane clearance
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Figure 2-6. Route sweep formation

Foreign Mines
UNLESS DIRECTED DIFFERENTLY, ALL FOREIGN MINES WILL BE
DESTROYED IN PLACE RATHER THAN REMOVED/DISARMED.

Table 2-5. Foreign antitank mines
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Table 2-5. Foreign antitank mines (continued) Table 2-5. Foreign antitank mines (continued)
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Table 2-5. Foreign antitank mines (continued) Table 2-5. Foreign antitank mines (continued)
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Table 2-5. Foreign antitank mines (continued) Table 2-5. Foreign antitank mines (continued)

Table 2-6. Foreign antipersonnel mines
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Table 2-6. Foreign antipersonnel mines (continued) Table 2-6. Foreign antipersonnel mines (continued)
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Table 2-6. Foreign antipersonnel mines (continued)

2-11

Table 2-6. Foreign antipersonnel mines (continued)



Table 2-6. Foreign antipersonnel mines (continued) Table 2-6. Foreign antipersonnel mines (continued)

2 - 1 2



OBSTACLE BREACHING

Obstacle Report

Figure 2-7. Obstacle report

Obstacle Crossing Capabilities
See Table 2- 7 for selected US and foreign equipment obstacle crossing capabilities.

Table 2-7. Equipment obstacle crossing capabilities

2 - 1 3
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Figure 2-8. Backfilled log wall breaching

Figure 2-9. Log crib breaching

Figure 2-10. Placement of charges for a wall 6-feet thick (1)

and for a wall over 6-feet thick (2)
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Figure 2-11. Explosive packs needed to destroy typical

small concrete obstacles

Figure 2-12. Placement of charges for destruction

of steel and log obstacles
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COMBAT ROADS AND TRAILS

Typical Combat Roads and Trails Process and Characteristics
See Figures 2-13 and 2-14.

Figure 2-14. Typical cross-section iIlustrating road nomenclature

Expedient Surfaces Over Mud
Chespaling mats
Chespaling mats are made by placing small saplings 6½ feet long and about 1½
inches in diameter side by side (Figure 2-15). Wire the saplings together with
chicken wire mesh or strands of heavy smooth wire. A chespaling road iS
constructed by laying mats lengthwise with a 1-foot side overlap at the junction of
the mats. The resulting surface is 12 feet wide. Unless mats are laid on wet ground,
this type of road requires periodic wetting down to retain its springiness and to
prevent splitting. Chespaling mats also require extensive maintenance.

Figure 2-13. Combat roads and trails process
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Figure 2-15. Chespaling surface road construction

Corduroy
See Figures 2-16 and 2-17 (page 2-20).

• Standard corduroy. Logs 15 to 20 centimeters (6 to 8 inches) in diameter and
about 4 meters (13 feet) long are placed adjacent to each other (butt to tip). Curbs
are made by placing 6-inch-diameter logs along the edges of the roadway
(draft-pinned in place). Pickets about 4 feet long are driven into the ground at
regular intervals along the outside edge of the road to hold the road in place. To
give this surface greater smoothness, the chinks between logs should be filled
with brush, rubble, and twigs; then the whole surface is covered with a Iayer of
gravel or dirt. Side ditches and culverts are constructed as for normal roads

• Corduroy with stringer. The corduroy decking is securely pinned to stringers and
then the surface is prepared as standard corduroy.

• Heavy corduroy. Heavy corduroy involves the use of sleepers, heavy logs 25 to
30 centimeters (10 to 12 inches) in diameter and long enough to cover the entire
road, placed at right angles to the centerline on 1.2 meter (4-foot) centers.

• Fascine corduroy. Use fascine instead of logs for stringers.

Figure 2-16. Corduroy road surfaces
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Figure 2-17. Fascine corduroy

Tread roads
Tread roads are made by preparing two narrow parallel treadways of select material

using anything from palm leaves to 4-inch planks. The most common tread road is
the plank tread road (Figure 2-18).

2 - 2 0
Figure 2-18. Plank tread road



Army and Sommerfeld tracks

See Figures 2-19 and 2-20 for details.

Figure 2-19. Army track

Figure 2-20. Component parts of Sommerfeld track
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Other types of surfaces
Surfaces can be constructed from rubble, bricks, concrete blocks, Ioose aggregate or
gravel, and airfield matting (Figure 2-21).

Figure 2-21. Other expedient surfaces

Expedient Surfaces Over Sand

Wire mesh
Chicken wire, expanded metal lath, or chain-Iink wire mesh (cyclone fence) may be
used for expedient surfaces over sand. The addition of a layer of burlap or similar
material underneath the wire mesh helps to confine the sand. The edges of the wire
mesh road must be picketed at .9 to 1.2 meters(3 to 4 feet) intervals. Diagonal wires
crossing the centerline at 45° angles and securely attached to buried pickets fortify
the Iighter meshes. The more layers used the more durable the road wiII become
(Figure 2-22).

Figure 2-22. Construction details for a chain-link wire mesh road

Sand grid
See Figure 2-23 for a sand grid. Each grid section expands to cover an area 2.4
meters x 6 meters x 20 centimeters deep (8 feet x 20 feet x 8 inches). Use pickets or
place sand on the corners and sides to maintain grid in place. A bucket loader may be
used to fill in the grids. Use hand shovels to completely fill each grid. A full grid
section wiII hold the weight of a bucket loader. This surface may be compacted using
a rubber-tire or steel-wheel roller. A sand asphalt surface of about one gallon of
RC-250 asphalt per square yard may be applied.

Figure 2-23. Sand grid
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Table 2-10. Army helicopter characteristics

Figure 2-24. Crater repairs

F O R W A R D  A V I A T I O N

Army Aircraft and Helicopter Characteristics
See Tables 2-10 and 2-11 (page 2-24).
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Table 2-11. Combat area airfield requirements Table 2-12. Dust control requirements for heliports

NOTES:

1.  Asterisk shows particular aircraft that is critical in load and/or ground run from which area
requirements, geometrics, and expedient surfacing requirements were developed.

2. Ground run lengths indicated are for classification and can undergo changes depending on
operating weight of aircraft, pressure altitude corrections, temperature corrections, and local conditions.

General Construction of Forward Landing Zone or Airstrip
Membrane or available timber may be used to construct an expedient hardened
landing pad surface. Mark all obstacles in the Ianding zone or airstrip. Sprinkled

water, lime, lime solutions, or oils wiII provide temporary dust control (Table 2-12).
See Tables 2-13 and 2-14 and Figures 2-25 through 2-27 (pages 2-25 through 2-27)
for landing zones and helipads geometric requirements.

NOTE:
Measurements are taken from the center of rotation of the controlling aircraft and are approximately
equal to the radius of the area affected by the rotor downwash.

Table 2-13. Minimum geometric requirements for landing zones
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Table 2-13. Minimum geometric requirements for Ianding zones

(cont inued)

NOTES: 1. Taxi hooverlane iS used for take-off and landing.
2. Roads should be located so as to require the least effort.

Figure 2-25. Geometric layout of Ianding zones
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Table 2-14. Minimum geometric requirements for

multiple area Ianding zones

Figure 2-26. Panel layout of landing zones
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Maintenance and Repair
Maintenance and repair operations must be coordinated with tactical operations.
Work should be done at night. Hazardous equipment must not be left on Ianding
zone. Area under construction or repair must be clearly marked. Mud must be
continuously removed. Remove all debris away from traffic and Ianding area for
repair of all mats and membrane surfaces, see Chapter 8. Replace damaged timber
and level accordingly.

Figure 2-27. Geometric layout of forward area refueling

and rearming heliports
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CHAPTER 3
Countermobility

THREAT OFFENSE

Crossing Capabilities and Characteristics

Table 3-1. Threat equipment obstacle crossing capabilit ies and characteristics
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Table 3-2.

Table 2-1

Table 3-2. Threat obstacle breaching equipment
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OBSTACLES

Countermobility Planning
The basic principles of obstacle employment are —

• Support the maneuver commander's plan.
• Integrate with observed fires, existing obstacles, and other reinforcing obstacles.
• Employ in-depth and for surprise.

The supported commander must decide the effort to be used for countermobility and
survivability tasks. Use Figure 3-1 to determine time and/or blade requirements for
antitank ditches versus defilade positions. The following ratios are used in
conjunction with Figure 3-1.

HDP
Ratio: ATD = —— and TDP = ATD (23.5)

40

Where: ATD = antitank ditch in kilometers
TDP = number of turret defilade positions
HDP = number of hull defilade positions

Example 1: You have seven blades and 10 hours of construction time. Your task force
commander needs 20 turret defilade positions (TDP) and 2,000 meters of antitank
ditch. The commander wants to know if you can do the job, and if not, give your
recommendation.

Step 1. Enter Figure 3-1 with the number of blades and time. Find the number of hull
defilade positions by reading the appropriate Iine (interpolate between Iines): HDP =
70 (see dotted Iine Figure 3-1).

3 - 3

Figure 3-1. Hull defilade positions graph



Step 2. Using the ratios, convert HDP to ATD and TDP.

HDP 70
ATD = —— = —— = 1.75 km

40 40

TDP = ATD (23.5) = 1.75(23.5) = 41.1 —> 41 positions

Step 3. Using values obtained in steps 1 and 2, construct the following graph (Figure
3-2).

Figure 3-2. Example

Step 4. On the constructed graph, enter 20 (number of TDPs needed) and move
horizontally to the TDP versus ATD Iine. NOW move down to find out how many
meters of ditch you can construct (see dotted lines on sample graph, Figure 3-2):

.9 km = 900M.

Step 5. Inform the task force commander that you can construct the 20 TDPs, but
only 900 meters of ATD. To construct the additional 1,100 meters of ATD, you need
five more blades or 7 more working hours.

NOTE: Here iS a simple method to obtain the additional time or blades required as
stated above.

Additional time needed:

HDP
1.1 km (requirement) —— —> HDP = 40(1.1) = 44 positions

40

Enter Figure 3.1 with seven blades and move horizontally until the 44 HDP iS found
(between HDP 40 and 50) read down for additional time = 6.5 —> 7 hours.

Additional blades needed:

Enter 10 hours (time constraint) on chart. Move up until the 44 HPD iS found
(interpolation required) read number of blades needed on left = 4.5 —> 5 blades.

Example 2: You have 20 blades and 10 hours. How many hull defilade positions can
you construct?

Step 1. Since the number of blades exceed graph range, divide the blades by any
number. For the example use 5.

20
NeW number of blades = — = 4 blades

5

Step 2. Enter 10 hours and the new number of blades in step 1 (4 blades) on the chart
to obtain HDP.

HDP = 40 positions

Step 3. Multiply the HDP found in step 2 (40 HDP) by number used to divide blades in
step 1 (5).

HDP = 40 x 5 = 200 positions

Step 4. You may proceed with step 2 in Example 1 as required.
3 - 4
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Entanglements. Entanglements are classified according to their use. The quantity of
concertina required can be estimated using the following rules of thumb:

• Conventional deployment along forward edge of battle area (FEBA)(Figure 3-3).
-Tactical wire = (front) x (1.25) x (number of belts).
-Protective wire = (front) x (5) x (number of belts).
-Supplementary wire:

Forward of FEBA (front) x (1.25) x (number of belts).
Rear of FEBA = (2.5) x (unit depth) x (number of belts).

• Base camp defense along perimeter (Figure 3-4).
-Tactical wire = (mean perimeter) x (1.25) x (number of belts).

-Protective wire = (perimeter) x (1.10) x (number of belts).
-Supplementary wire = (mean perimeter) x (1.25) x (number of belts).

Figure 3-4. Perimeter defense wire

Figure 3-3. Schematic layout of barbed wire entanglements

in a defensive area
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• Ensure job site security.
• Organize work party into three equal crews.
• First two crews lay out pickets and third crew installs pickets (open end of U

toward enemy).
• Reorganize party into crews of two to four soldiers.
• Install wire in numerical order as shown in Figure 3-5.
• Avoid having any soldier cut off between the enemy and the fence.
• Ensure that wires are properly secured and tight.

Figure 3-5. Double apron fence
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Triple standard concertina. See Figures 3-6 through 3-8.

• Ensure job site security.
• Organize work party into three crews.
• First crew lays pickets (Figure 3-6).
• Second crew lays out concertina. Place one roll on enemy side at every third

picket and two rolls on friendly side at every third picket.
• Third crew installs all pickets.
• Reorganize party into four-soldier crews.
• Install concertina (Figures 3-7 and 3-8).
• Ensure concertina is properly tied and all horizontal wire properly installed.

Figure 3-6. Triple standard concertina fence

Figure 3-7. Installing concentina
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Four-strand cattle fence. See Figure 3-9.

• Ensure job site security.

Figure 3-8. Joining concentina

• Organize work party into four soldier crews.

• First crew lays out Iong pickets 3 meters (10 feet) apart and second crew installs
pickets.

• Reorganize party into two-soldier teams, one team carries the reel and the other
team makes the ties.

Figure 3-9. Four-strand cattle fence as viewed from the enemy side
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General purpose barbed tape obstacle (GPBTO). The barbed tape (Figure 3-10)
comes in seven modules (20 meters per module) per package. One package contains
140 meters of barbed tape (single belt). The GPBTO may be installed by vehicle or by
individual soldier. It should be installed in three-band belts. Anchor one end and
carry the package along installation path. Gloves should not be worn during
installation since barbs wiII easily penetrate them.

Other wire obstacles. Construction sequence for other wire obstacles should be
from enemy to friendly and from bottom up (Figures 3-11 through 3-14).

Figure 3-11. Tanglefoot

Figure 3-10. General purpose barbed tape obstacle
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Figure 3-12. Knife rest

Figure 3-13. Trestle apron fence

Figure 3-14. Concentina roadblock
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Antivehicular obstacles
Antitank ditches and road craters. See Figure 3-15. Refer to Chapter 6 for specific
details and construction of road craters.

Log cribs. See Figures 3-16 and 3-17 and Table 3-5.

Figure 3-16. Retangular log cribs design

Figure 3-15. Antitank ditches
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Figure 3-17. Triangular log crib

Wall logs requirement - Length = roadway width

Quantity = 120 + 1
D

D = log diameter in inches

Manpower requirement - A 20-foot wide road requires 4 to 8 engineer platoon
hours when equipped with hand-tools.

Table 3-5. Post requirement (post opposing/offset post)
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Abatis. Log hurdles. Log hurdles should be sited at steepest part of slope (Figure 3-19).

Figure 3-18. Abatis

Figure 3-19. Types of log hurdles
3 - 1 4



Log/steel post obstacle.

Figure 3-21. Steel hedgehog

Figure 3-20. Post obstacles

Figure 3-22. Steel tetrahedron Figure 3-23. Concrete cubes Figure 3-24. Concrete tetrahedron
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M I N E  W A R F A R E

Minefield Type and Development

Table 3-6. Minefields types and characteristics
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Conventional Minefields
Reports

All minefields are reported by the fastest secure means available and are classified
SECRET when completed. Exact format may be specified by local command SOP.

Intention to lay.

Table 3-7. Report of intention to lay with example

Initiation.

Table 3-8. Report of initiation with example

Progress.

Table 3-9. Report of progress with example

3 - 1 7



Completion. See Table 3-10. A completion report should be followed by a minefield
record.

Table 3-10. Report of completion of minefield with example

Transfer. A transfer report IS used when minefield responsibility iStransferred
between commanders. It must be signed by both commanders and include a
certificate stating that receiving commander was shown or informed of all mines
within the zone of responsibility and that the receiving commander takes full
responsibility for all the mines within the zone. The report is sent to the higher
commander who has authority over both relieved and relieving commanders.

Change. A change report iS submitted when any alterations are made to a minefield
for which a completion report and record have been submitted.

3 - 1 8
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Row minef ie ld
Development. See Figure 3-26.

Figure 3-26. Row pattern minefield

Logistical requirements.

NUMBER OF MINES AND MINEFIELD ROWS

Step 1. The number of mines required is equal to the desired density times the
minefield front. A 10 percent excess factor is included by multiplying by 1.10.

Density Front

0.5 x 400 x 1.10 = 220 AT

Step 2. The number of AT mines per row is determined by dividing the minefield front
by the spacing interval between AT mines (normally 6 meters between mines).

400 meters ÷ 6 meters = 66.6 AT mines per row

NOTE: The resulting number is rounded DOWN to the nearest whole number.

66.6 becomes 66 AT mines per row

Step 3. The number of rows needed in the minefield is equal to the number of AT
mines required (step 1 ) divided by the number of AT mines per row (step 2). The
resulting number is rounded UP to the nearest whole number.

220 AT mines ÷ 66 AT mines per row = 3.3 rounded UP to 4 rows

NUMBER OF TRUCKLOADS

The number of truckloads required for minefield emplacement depends on the type
and quantity of mines and vehicular carrying capacity. See Table 3-13 (page 3-26).

The number of truckloads required iS equal to the total number of AT mines divided
by the truck's capacity. In this example, 5-ton dump trucks are used.

220 ÷ 204 = 1.08, rounded UP to the next higher whole number = 2 truckloads
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Recording. See Figures 3-32 through 3-37 (pages 3-27 througth 3-32).

Standard pattern minefields
Development. See Figures 3-27 througth 3-31 (pages 3-21 througth 3-24).

Figure 3-28. Mine cluster characteristics

Figure 3-27. Standard pattern minefield
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Figure 3-29. Irregular outer edge characteristics
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Figure 3-30. Minefield row and strip characteristics
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Figure 3-31. Tripwire employment
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Organization.

Table 3-11. Platoon organization for standard pattern minefield
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Logistical requirements. See Table 3-12 for barbed wire and picket requirements
and Table 3-13 for truck capacity for carrying mines.

STANDARD OBSTACLE MFJ (CONVENTIONAL MINES)

Density .5 - .5 - .0 mines per meter of front
Type J1 J2 J3 J4 J5

Length (meters) 100 200 300 400 500
Numer of mines
AT 69 136 203 270 337
APF 69 136 203 270 337
Man-hours 32 62 92 122 152
(experienced)
Man-hours 48 93 138 183 228
(inexperienced)

STANDARD OBSTACLE MFK (CONVENTIONAL MINES)

Density
Type

Length (meters)
Numer of mines
AT
APF
APB
Man-hours
(experienced)
Man-hours
(inexperienced)

1
K1
100

124
124
124
66

99

- 1 - 1 mines per meter of front
K2 K3 K4 K5

200 300 400 500

246 368 490 612
246 368 490 612
246 368 490 612
130 194 258 322

195 291 387 483

NOTES: For MFJ and MFK standard obstacle minefields
1. Minefield iS laid in a standard pattern with an irregular outer edge.
2. Minefield depth iS 100 meters.

Table 3-12. Barbed wire and picket requirements for

standard pattern minefields

Table 3-13. Truck capacity for carrying mines
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Recording The Department of the Army (DA) Form 1355 is used to record all conventional

minefields except hasty protective minefields (Figures 3-32 through 3-37).

DA Form 1355
Figure 3-32. Standard detailed minefield record (DA Form 1355) (front)
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ENEMY NORTH
MAGNETIC

DA Form 1355
Figure 3-33. Standard detailed minefield record (DA Form 1355) (back)
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DA Form 1355

Figure 3-34. Record of point minefield with minimum information (DA Form 1355) (front)

3 - 3 0



DA Form 1355

Figure 3-35. Record of point minefield with minimum information (DA Form 1355) (back)
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DA Form 1355

Figure 3-36. Record of mines emplaced in ford deeper than 0.6 meter (front)
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DA Form 1355

Figure 3-37 Record of mines emplaced in ford deeper than 0.6 meter (back)
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Minefield markings

Marking sets. The hand emplaced minefield marking set (HEMMS) is capable of
marking 700 to 1,000 meters and is normally used for temporary marking The US
No. 2 minefield marking set iS capable of marking 400 meters per set and is used to
replace HEMMS if the minefield is to be left in place for more than 15 days.

Marking procedures. Minefields are normally marked to prevent friendly personnel
from accidentally entering the minefield. Figures 3-38 through 3-40 represent

typical markings and marked minefield perimeters and lanes. Scatterable minefields
will be marked to the maximum extent possible to protect friendly troops. The same
marking procedures for conventional minefield will be used. Marking requirements
are shown in Table 3-15 (page 3-37)

Figure 3-38. Standard marking signs

Figure 3-39. Minefield marking fence
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Scatterable Minefields
Standard scatterable minefield

STANDARD OBSTACLE  MFG  (GEMSS SCATTERABLE  MINES)

ANTITANK MFGT
ANTIPERSONNEL MFGP
MIXED MFGM
Width 60 meters
Lenqth (meters) (If every mine
of a maximurn 800 mine load IS

dispensed.) NOTE: Length of 13,333 2,666 1,904 1,333
minefield may be doubled when

a width of 30 meters is used.

Density (mines/M2) .001 005 .007 .01

Effort (squad hours) 2.24 .45 32 .22

STANDARD OBSTACLE MFH (M56 SCATTERABLE MINES)

Width 20 meters
Length (meters) 1,600
Area density (mines/M2) .005
Linear   density (mines/M) . 1
Time 1 to 3 minutes

533

.025

.09

800
.01
. 2

Figure 3-40. Standard lane markings
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2

3

STANDARD OBSTACLE MFAF (GATOR SCATTERABLE MINES)

Area of minefield is dependent upon the speed and altitude of the aircraft
Normal size is 650 x 200 meters.
Density is dependent upon the number of canisters that are dropped As the
system is used primarily for interdiction minefields, somewhat lower than
normal densities (0.001 mines/M2) are normally  planned.

Each canister (bomblet)contains 72AT and 22 AP mines Up to six canisters may
be mounted on each aircraft.

STANDARD OBSTACLE MFM (MOPMS SCATTERABLE MINES)

Area Number of Mines Density (Mines/M2

Semicircle, 35-meter radius 21 .01

STANDARD OBSTACLE MFA (ADAM RAAMS SCATTERABLE MINES)

Aiming points

Table 3-14 Estimated aiming points

NOTES: 1. Chart based on 12,000-meter  range
2. Depth RAAMS 400 meters (high angle)

RAAMS 200 meters (low angle)
ADAM 400 meters (high/low angle)

3. BMA - less than or equal to 800 Mil
See FM 6-20 for exact aiming point requirements.

3 - 3 6

MFAT
RAAMS (high angle)
400 x 400 merers coverage
Purpose

Harass enemy

Covered by heavy,

direct fire
Covered by light,

direct fire
MFAT

RAAMS (low angle)

200 x 200 meters coverage
Purpose

Harass enemy

Covered by heavy,
direct fire
Covered by light,
direct fire

MFAP
ADAM
400 x 400 meters coverage
Purpose

Harass enemy

Covered by heavy,
direct fire

Covered by light,
direct fire

Area Density Number of Rounds
Per Aim Point

.001 24

.002 48

.004 96

Area Density Number of Rounds
Per Aim Point

.001 6

.002 12

.004 24

Area Density Number of Rounds

Per Aim Point

.0005 3

.001 6

.002 12



Table 3-15. Scatterable minefield marking requirements

NOTE: Ground emplaced mines-mark prior to laying

Recording

Figure 3-41. Scatterable minefield report and record, with example

Marking

Air emplaced mines - not marked
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Table 3-16. US antipersonnel mines

US Mines and Fuzes
See Table 3-16 through 3-18
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Table 3-16. US antipersonnel mines (continued)
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Table 3-17. US antitank mines
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Table 3-17. US antitank mines (continued)
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Table 3-17. US antitank mines (continued)
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Table 3-17. US antitank mines (continued)
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3-44

Table 3-18. Firing devices and trip flare



Table 3-18. Firing devices and trip flare (continued)
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Table 3-18. Firing devices and trip flare (continued)
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T a b l e  3 - 1 8 .  F i r i n g  d e v i c e s  a n d  t r i p  f l a r e  ( c o n t i n u e d )
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NOTE: M = Mobility Kill

Scatterable Mine Characteristics

Table 3-19. Scatterable mine characteristics

K = Crew Kill

CAUTION

1. Antipersonnel tripwire may not deploy properly if mines land in mud or snow.
2. Mine antihandling devices may cause premature destruction of mines if placed on snow.
3. Mine self destruct times are classified CONFIDENTIAL and are available through unit.
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EXPEDIENT MINES

Improvised mine construction must consider safety, neutralization, and disarming through 3-54) provide design and function guidance for expedient mines. The actual
requirements. Authorization of employment depends on the minefield in which the construction may depend on material availability.
mine is to be used (Table 3-7, page 3-17). Figures 3-42 through 3-49 (pages 3-49

Figure 3-42 High explosive artil lery shell AT mine

with three different firing systems
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Figure 3-43. Grapeshot AP mine
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Figure 3-44. Plate charge expedient mine
Figure 3-45. Improvised claymore mine
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Figure 3-46. Fragmentation grenade mine (5 second delay)

Figure 3-47. Barbed wire expedient mine
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Figure 3-48. Improvised flame mines
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Expedient Firing Devices

Figure 3-49. Expedient firing devices
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WEAPONS FIGHTING POSITIONS

CHAPTER 4
S u r v i v a b i l i t y

Positions may be hasty or deliberate depending on time and material availability
Positions may be dug by hand or mechanically (with JD410). Table 4-1 shows
required thickness for protection against direct and indirect fire.

Table 4-1. Material thickness (cm/in) required

to protect against direct and indirect fire

Table
Individual Fighting

4-2 and Figures 4-1 through 4-3 (pages 4-2 and 4-3) show details and
characteristics of different individual positions. The light antitank weapon (LAW)
may be fired from any of these positions however backblast area must be cleared
prior to firing.

Table 4-2 Characteristics of Individual fighting positions

NOTES: 1. All deliberate postions provide protection from medium artillery no closer than
30 feet.

2. All positions provide no protection from indirect fire blasts or direct hits from
indirect fire.
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Crew-Served Weapons Fighting
See Table 4-3 and Figures 4-4 through 4-9 (paqes 4-4 through 4-7) for specifications
and details.

Table 4-3. Characteristics of crew-served weapons positions

NOTES:

1.  All positions provide protection from medium artillery no closer than 30 feet.
2.  All positions provide no protection from indirect fire blasts or direct hits from indirect fire.

Figure 4-3. Two-soldier fighting position development
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Figure 4-4. Range card
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Figure 4-4. Range card (continued)
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Figure 4-5. Machine gun position
Figure 4-6. 90mm firing position
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Figure 4-7. Dragon position Figure 4-8. Mortar (4.2 in and 81 mm) improved position
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Table 4-4. Standard survivability estimates for maneuver units

Figure 4-9. Mortar hasty position

VEHICLE POSITIONS

Positions may be fighting or protective, hasty or deliberate. See Table 4-4 for

estimated survivablility positions for maneuver units.

WARNING

ENSURE ENGINEER EQUIPMENT (SCOOP LOADERS, M9

(ACE)s. SCRAPERs) BOWLS ARE PERIODICALLY EMPTIED

AND NEVER ALLOWED TO REMAIN FILLED OVERNIGHT,

PARTICULARLY DURING COLD WEATHER.

1. P=Primary, A=Alternate, S=Supplementary hull-down positions.
2.  Numbers are rounded to the nearest 5.
3.  Combat support vehicles comprise mortars and ADA.
4.  Platoon and Co HQ only Allows for four APCS per platoon and two per Co HQ to be dug in.
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Hasty Fighting

See Figure 4-10. Berms wiII not protect vehicles from enemy armor fire.

Figure 4-10. Hasty fighting positions for combat vehicles

Deliberate Fighting

Figure 4-11. Deliberate fighting positions
for fighting vehicles
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Protective
Artillery and parapet
See Table 4-5 and Figure 4-12 for details. For field artillery platform, refer to Field
Manual (FM) 5-103 for details

Table 4-5. Dimensions of field artillery vehicle positions

*Length accomodates ammunition supply vehicles

NOTES: 1. Position dimensions provide an approximate 9m (3 ft) clearance around vehicle for
movement and maintenance and do not include ramp(s).

2. Total depth includes any parapet height.
3.   Production rate of 100 bank cubic yards per 0.75 hour. Divide construction time by

0.85 for rocky or hard soil, night conditions, or closed hatch operations (M9). Use of
natural terrain features wiII reduce construction time.

4. All depths are approximate and wIII need adjustment for surroundlng terraln and fields
of fire.

4-11

Figure 4-12. Parapet position construction detail



Deep-cut
See Table 4-6 and Figure 4-13

Table 4-6. Dimensions of typical deep-cut position

NOTES: 1. Position dimensions provide an approximate 9m (3 ft) of clearance around vehicle
for movement and maintenance and do not include ramp(s).

2. Production rate of 100 bank cubic yards per 0.75 hour. Divide construction time by

0.85 for rocky or hard soil night conditions or closed hatch operations (M9). Use of
natural terrain features wiII reduce construction time.

3. Ensure drainage iS provided.
4. See Table 8-4 (page 8-9) for minimum slope cut ratios.

Figure 4-13. Deep cut position
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TRENCHES,  REVETMENTS,  BUNKERS,  AND SHELTERS

Trenches
Construct trenches to connect fighting positions and provide protection and
concealment for personnel moving between position. They may be open with
overhead cover or a combination  See Figure 4-14.

Revetments
Retaining wall

Materials that can be used for a retaining wall are sandbags, sod blocks (20
centimeters x 45 centimeters), lumber, timber and corrugated metal.  When using
sandbags, fill bags ¾ full with one part cement to 10 parts earth. Place bottom row as
header at about 15 centimeters below floor level. Alternate rows as header and
stretcher (Figure 4-15). Slope wall toward revetted face at 1 to 4 slope ratio. See
Figure 4-16 (page 4-14) for anchoring method.

Figure 4-15. Sandbag revetment

Figure 4-14. Standard trench traces
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Figure 4-16. Lumber retaining wall anchoring method

Facing revetments
Mainly used to protect surfaces from weather and damage by occupation.
Construction material may be brushwood hurdles (Figure 4-17) continuous brush
pole and dimensional timbers, corrugated metal or burlap and chicken wire. TO

emplace a facing revetment tickets should be 8 centimeters (3 inches) in diameter
or larger and at a maximum spacing of 1.75 meters (5.7 feet). Pickets should be
driven into the ground af least 5 meter(1.6 feet) and anchored at the top IAW Figure
4-16.

Figure 4-17. Brushwood hurdle
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Bunkers
Basic criteria to consider when designing a bunker are the purpose (command post
or fighting position) and the degree of protection desired (small arms, mortars,
bombs) (Table 4-1, page 4-1). Table 4-7 shows design figures to defeat contact
bursts. The bunker can be constructed wholly or partly underground. Prefabrication

of bunker assemblies (wall and roof) afford rapid construction and placement
flexibility. When using timber, avoid notching construction timber. Common field
bunkers are shown Figures 4-18 and 4-19, (pages 4-16 and 4-17). For other

bunker  design and construction refer to FM 5-103.

Table 4-7. Center-to-center spacing for wood supporting soil cover to defeat contact bursts

NOTE: The maximum beam spacing listed in the table iS 46cm ( 18 in). This iS to preclude further design for roof material placed over the stringers to hold the earth cover.

A maximum of 1-inch wood or plywood should be used over stringers to support the earth cover for 82-mm bursts; 2-inch wood or plywood should be used for 120-mm, 122-mm, and 152-mm bursts.
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Figure 4-18. Typical bunker
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Figure 4-19. Log fighting bunker with overhead cover

Shelters
The most effective shelters are cut and cover. Typical shelters are shown in Figures
4-20 and 4-21 (page 4-18). See FM 5-103 for other more permanent and detailed
shelters.

Figure 4-20. Typical cut and cover shelter
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Table 4-8. Expedient paints
C A M O U F L A G E

Figure 4-21. Air transportable prefab shelter

The purpose of camouflage is to alter or eliminate recognition(shape, shadow, color
texture, position, and movement).

Materials
Materials for camouflaging may be natural or man made.

Natural
Natural materials Include vegetation (growing, cut or dead), inert substances of thet substances of the
earth (soil and mud) and debris.

M a n - m a d e
Man made materials are divided into three groups: hiding and screening (net sets,
wire netting, snow fencing, tarpaulins, and smoke); garnishing and texturing (gravel,
cinders, sawdust, fabric strips, feather, and spanish moss); and coloring (paints, oil,
and grease). Table 4-8 shows expedient paints that can be made in the field.

NOTE: Canned milk or powdered eggs can be used to increase binding properties of either issue of
field-expedient paints.
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Position Development Stages
Planning
Consider the unit's mission, access routes, existing concealment, and size of area.

Occupation
Carefully control traffic to avoid unnecessary movement and disruption of existing
concealment. Mark trails and paths and avoid vehicle spacing less than 30 meters
apart. The main congested areas(kitchen, command post, and maintenance must be
dispersed.

Camouflage maintenance
Inspect the area frequently and upgrade as needed. Maintain light and noise
discipline to include equipment blackout. Do not create addtional paths or trails.

Evacuation
Leave area as undisturbed as possible.

Lightweight Camouflage Screen
Estimation
Determine required modules to camouflage vehicle and equipment using Figure
4-22.

Emplacement

Assemble modules into one net (Figure 4-23 page 4-20) and place over vehicle.
Keep screen away from all hot surfaces and exhaust systems. Ensure that the

appropriate blend (color) is showing. Keep a minimum space of two feet between the
net and the vehicle. Screens should never be draped over vehicles (Figure 4-24, page
4-20). Always use the erection set and anchor net system.

Figure 4-22. Hasty module determination chart
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Figure 4-24. Placing net over vehicle

Figure 4-23. Lightweight camouflage screens
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Figure 5-1. Route classification formula

Figure 5-1. Route classification formula

C h a p t e r  5

R e c o n n a i s s a n c e

R O U T E  R E C O N N A I S S A N C E

Distances will be expressed in metric dimensions on at reports

Critical Features
The following features must be considered:

•  Road width slopes, and curves.
• Bridges fords, tunnels ferries, underpasses, swim sites, and other traffic

restricting features.
•  Obstacles and NBC contaminated  areas
•  Slide areas
• Drainage
•  Other natural and man made features, such as wooded, built up, and possible

dispersion areas

Classification
See Table 5-1 and Figure 5-1

Table 5-1. Route widths

5-1
Figure 5-2. Radius of curvature calculation



Figure 5-3. Slope computation (road gradient)

Obstruction (OB)
The obstructions are any factors which restrict type, amount, or sped of traffic flow.

Whenever (OB) appears in the route formula, the exact nature must be shown on the
overlay. The most common obstruction are—

• Overhead clearance less than 4.3 meters (14 feet).
• Width below minimum standard prescribed for the type of traffic in Table 5-1.
• Slopes of 7 percent or greater and curves with 25-meter (82 foot) radius or less

(Refer to the end of this chapter for overlay symbols and details).
• Fords ferries and all tunnels that do not meet the criteria in Table 5-1 or the

minimum overhead clearance is less than 4.3 meters (14 feet).

Report and Overlay
The report consists of an overlay specific features reconnaissance reports (bridge,
ford, or road), and any other supplementary overlays reports, or sketches to support
the route report. Figure 5-4 shows an example of a route reconnaissance overlay.
(Refer to the end of this chapter for the appropriate symbols used on the overlay.)

Figure 5-4. Route reconnaissance overlay
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R O A D  R E C O N N A I S S A N C E

Classification
Road classification is expressed in a standardized sequence prefix (A - no limiting
characteristics or B some limiting characteristics), limiting characteristics (Table
5.2), traveled way width/traveled way plus shoulder width road surface material
(Table 5.3), road length enclosed in parentheses, obstructions, and special conditions
(Figure 5-1).

Table 5-2. Road limiting characteristics and symbols

Table 5-3. Road surface materials and symbols

EXAMPLE. Bcgd(f?)s 3.2/4.8 nb (4.3 km) (OB) (T). Road has limits of sharp curves,
steep grades, bad drainage, unknown foundation, and rough surface; the traveled
way width is 3.2 meters, combined width and shoulders is 4.8 meters. Surface
material is bituminous surface treatment on natural earth stabilized soil, sand-clay,
or other selected material. The road is 4. 3 kilometers long, contains obstructions,
and is subject to snow blockage.
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BRIDGE RECONNAISSANCE Table 5-5. Minimum bridge criteria

Hasty
To make an immediate crossing use Tables 5-4 and 5-5 to determine a hasty bridge
classification When a bridge shows any sign of damage or if a permanent
classification is desired, a qualified engineer should determine the allowable load
classification using TM 5 312.

Deliberate
In order to accurately classify a bridge or prepare a bridge for demolition a detailed
reconnaissance must be accomplished . Use DA Form 1249( Bridge Reconnaissance
Report), Table 5-6, and Figures 5-7 through 5-13 to record the needed data. Table
5-6 may be used as a guide for developing a line-number report format for voice or
digital transmission of bridge data. The obtained information is used in conjunction
with TM 5-312 for classification.

Table 5-4. Hasty bridge classification
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Table 5-6. Dimensions required on the seven basic bridges

THIS TABLE SHOWS THE MEASUREMENTS REQUIRED TO REPORT THE SEVEN BASIC TYPES Of BRIDGES. FIGURES 5-7 THROUGH 5-15 SHOW WHERE TO TAKE
THESE MEASUREMENTS.
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Table 5-6. Dimensions required on the seven basic bridges (continued)
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Figure 5-7. Dimensions required to report simple stringer bridges
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Figure 5-8. Dimensions required to report concrete bridges Figure 5-9. Dimensions required to report steel truss bridges
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Figure 5-10. Dlmensions required to report plate girder bridges Figure 5-11. Dimensions required to report arch bridges
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Figure 5-13. Span types and construction material used for completing

Figure 5-12. Dimensions required to report suspension bridges DA Form 1249
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Figure 5-14. Bridge reconnaissance report (front)

Report

To send bridge reconnaissance information, complete a DA Form 1249 (Figures 5-14
and 5-15, page 5-14). Use Table 5-6 (pages 5-7 and 5-8) to ensure that all
requirements are covered.
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TUNNEL RECONNAISSANCE

Refer to Table 5-1 (page 5-1) for roadway width requirements. Overhead clearances
less than 43 meters are classified as obstructions. Complete the DA Form 1250
(Tunnel Reconnaissance Report) in accordance with the bridge reconnaissance
report. Figure 5-16 shows a typical sketch of a tunnel with minimum required
dimensions.

Figure 5-15. Bridge reconnaissance report (back) Figure 5-16. Typical tunnel sketch with required measurements
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Figure 5-17. River or stream measurements
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Widths

Measure the widths by using a string or tape across the river scaled off the map, or
as shown in Figure 5-18.

Figure 5-18. Measuring stream width with a compass

Depths
Record the depths every 3 meters by using a measured pole/rod or weighted
ropes/strings.

Sites

Assembly areas and other needed areas should be spacious, provide good con-
cealment, and have easy access routes.

Velocity
Measure the velocity by using the procedures in Figure 5-19.

Figure 5-19. Measuring stream velocity

Some obstructions are sandbars,
restrictions.

The drainage should be adequate.

Obstructions
floating debris, and other water obstacles or

Drainage

Soil Stability
The seal should be adequate for anchoraging. Check the banks and river bottoms for
stability.

F O R D  R E C O N N A I S S A N C E

Use Table 5-7 to determine trafficability. When DA Form 1251 (Ford Reconnaissance
Report) is used for swim site, it must specify that the site is for swimming only.
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Table 5-7. Trafficability of fords Table 5-8. Engineer reconnaissance checklist

E N G I N E E R  R E C O N N A I S S A N C E
The engineer reconnaissance report consists of a completed DA Form 1711-R

(Engineer Reconnaissance Report) and an engineer reconnaissance overlay (Figures
5-20 and 5-21 page 5-18). A reconnaissance checklist is provided in Table 5-8
When Iooking for water point locations select sites with running water if possible
To determine the capacity of the water source in liters per minute use; the following
formula:

Q = A x V 48.000
Where Q = Flow in liters per minute

A = Cross section of stream flow in square meters
V = Meters per second

48,000 = Conversion and correction factor
Check the color, odor, turbidity, and taste (do not drink) of water. Report any possible
pollution such as human or industrial waste, dead fish, and so forth. Overlay symbols
are shown on pages 5-19 through 5-21 and material facility equipment and service
symbols are shown in Figure 5-22.
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Figure 5-20. Sample engineer reconnaissance report (front) Figure 5-21. Sample engineer reconnaissance report (back)
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Figure 5-22. Material, facility equipment, and service symbols
Figure 5-22. Material, facility equipment, and

service symbols (continued)
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C h a p t e r  6

D e m o l i t i o n s

SAFETY

The minimum safe distances for personnel in the open when detonating explosives
are given in Table 6-1.

Table 6-1. Explosives minimum safe distances

Explosives may be prematurely detonated by induced currents. Table 6-2 gives
distances that transmitters may detonate explosives by transmitted-induced
currents.

6-1

Table 6-2. Premature detonation by induced currents

Misfires should be handled by the person who placed the charge. Thirty minutes
must be allowed for "cook-off" on all nonelectric or buried charges. Above ground
misfires should be blown in place by priming at least 1 pound of exploxive placed as
close as possible to the charge without disturbing it. Buried misfires should be
carefully excavated to no closer than 1 foot from charge and then blown in place with
at least 2 pounds of explosive. Do not attempt to move or disarm a misfire and do not
abandon misfired explosives.



Table 6-3. Military explosives characteristics

EXPLOSIVE CHARACTERISTICS

Table 6- 3 shows the main characteristics and uses of military explosives.

NOTES: 1. Dynamite which is to be submerged under water for a period exceeding 24 hours must
be waterproofed  by sealing in plastic or dipping in pitch.

2. The C-4 which is to be used under water must be kept in packages to prevent erosion.
3. Cratering charges will malfunction in the ammonium nitrate IS exposed to moisture.
4. Fumes produced by detonating or burning explosives are dangerous.

PRIMING EXPLOSIVES

Explosives may be primed with detonating cord (Figure 6-1), electrically or
nonelectrically.

Figure 6-1. Detonating cord priming
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FIRING SYSTEMS

Firing systems may be electric or nonelectric. A dual-firing system is two completely
separate systems that may be dual electric, dual nonelectric, or a combination. See
Figure 6-2 for details.

Figure 6-2. Combination dual-firing system

CHARGE CALCULATIONS
General steps are shown in Figure 6-3.

Figure 6-3. Explosive calculation steps
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Table 6-4. C4 needed to cut steel sectionsSteel Cutting Charges

See Figure 6-4 and Table 6-4.

Figure 6-4. Steel cutting formulas

Steel cutting rules of thumb

The required explosive is either TNT or plastic explosive (RE factor conversion is not
needed.)

Rails (cut preferably at crossings switches, or curves). Cut at alternate rail splices for
a distance of 500 feet.

Less than 5 inches high - use ½ pound.
Five inches or higher - use 1 pound.
Crossings and switches - use 1 pound.

Cables, chains, rods, and bars.
Up to 1 inch diameter use - 1 pound.
Over 1 inch to 2 inches - use 2 pounds.
Over 2 inches - use P =         A or suitable dimensional type charge.

NOTE: Chain and cable rules are for those under tension. Both sides of chain link
must be cut.
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Timber Cutting Charges

Figure 6- 7 shows charge placement formulas and amount of explosive. Whenever for initial test shot. After the initial result, increase or decrease the amount of
possible, a test shot should reconducted to determine the exact amount of explosive explosive as appropriate. See Figure 6-8 for stumping operations. Use ring charges
required to obtain the desired effect. Use the values or formulas given in Figure 6-7 as shown in Figure 6-7 when full removal is not desired.

Figure 6-7 Timber cutting charges
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Breaching Charges
Table 6-5 shows quantity of explosive for reinforced concrete. Quantity for other
materials may be obtained by use of a conversion factor (Table 6-5 page 6-8)

Breaching formulas: P = R3KC

Where P = pounds of TNT
R = breaching radius (Figure 6-9)
K = material factor (Table 6-6)
C = tamping factor (Table 6-5)

Figure 6-9. Breaching radius

Figure 6-8. Stump blasting methods for various root structures
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Table 6-6. Values of K (material factor) for breaching charges Number of charges and thickness (Table 6-7
Formula: W

N = 
2R

Where N = number of charges
W = width
R = breaching radius (feet)

Round off rule for N

Less than 1.25  - use 1 charge
1.25 to 2.49 - use 2 charges
2.5 or greater - round off to nearest whole number

Table 6-7. Thickness of breaching charge

Thickness of breaching charge is in approximate values.

For best result, place charge in a flat square shape with flat side to target. For
breaching of hard surface pavements use 1 pound of explosive for each 2 inches of
surface.
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Table 6-5. Breaching charge calculation
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Counterforce Charges
Counterforce charges are pairs of opposing charges to fracture small concrete or
masonry blocks and columns. It is not effective against a thickness over 4 feet (Figure
6 -10).

Calculations: P = 1.5 x T
P = pounds of plastic explosive
T = thickness in feet (round UP to next ½ foot)

Example: Column 3 feet x 3 feet
P = 1.5 x 3 = 4.5 pounds
Divide by package weight and round UP to next package. Then divide

charge into two equal parts. Place charges opposite to each other and detonate

simultaneously.

Figure 6-10. Counterforce charge

Boulder Blasting Charges

Figure 6-11. Boulder blasting
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Cratering Charges

The three types of road craters are hasty, deliberate, and relieved face (figure 6-12
through 6-14). Road craters are usually emplaced by digging the holes by hand
mechanically or with 15 or 40 pound shaped charges. These holes are then loaded
with the required amount of explosive. (Place C4 on top of cratering charges.)

Figure 6-12. Hasty road crater

Figure 6-13. Deliberate road crater
Figure 6-14. Relieved face road crater
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Another method of road cratering is by using the M180 demolition cratering kit. The
M180 kit consists of a shaped and a cratering charge configured to detonate as a
single charge. Figure 6-15 shows the M180 configuration for road cratering. The

M180 is only good for soft unfrozen soils and nonreinforced concrete. Test shots
are advised.

Figure 6-15. Deployment steps of M180
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BRIDGE DEMOLITIONS

When bridge demolition is used to create an obstacle, the bridge should be
demolished to permit the most economical reconstruction by friendly troops and
make its use difficult or impossible for the enemy.
factors are-

Ž Type of spans/supports

Bridge demolition consideration

• Anticipated result of cutting spans at different points

Figure 6-16. Placement of the 5-5-5-40 charge (triple-nickel-forty)

• Critical span.
Ž Desired extent of destruction and repair.
Ž Difficulty and accessibility of desired point of cut by friendly versus enemy

forces.
• Identification and measurement of each member in the plane of cut.

Abutment and Pier Demolitions
See Figures 6-16 through 6-18. Single abutment destruction should be on the
friendly side.

Figure 6-17. Pier demolition

6 - 1 3



Figure 6-18. Bridge abutment demolition
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Bridge Span Demolition
Figure 6-19 shows different span types and their respective plane of cut. Timber
spans may be destroyed using formulas and calculations for regular timber. Figures
6-20 through 6-23 show how to destroy spans designed of steel or concrete. If total
demolition is not specified in figure calculate the amount required using the

appropriate table or formula.

Figure 6-19. Span type and Iocation to drop one span
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Figure 6-20. Concrete beam span destruction

6 - 1 6



Figure 6-21. Steel stringer and girder span destruction
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Figure 6-22. Steel truss span destruction
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Figure 6-23. Arch span destruction
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Demolition Reconnaissance
Figure 6-24 shows the DA Form 2203 R(Demolition Reconnaissance Report) and its

use. For reconnaissance procedures, see Chapter 5.

Item No

8

11

12

13

Information Required

What and where it is (town vicinity of)

Sketch must show relative position of objects to be demolished,
terrain features, safe distances, routes, and avenues of approach.
Location of features of the site.  One sketch must show fully
dimensioned plan views, and cross-sections of object and
of each memeber to be cut. (This may be listed under 12.)

Show plan and cross-sectional sketch of each member to be cut.
Show details of chambers, line of cut, and location of charges. Show
quantity of explosive per charge and metod of ignition. Sketch must
show firing circuits and firing points.

Describe each in detail and show location on situation map sketch.

Figure 6-24. Demolition reconnaissance report
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EXPEDIENT DEMOLITIONS

Improvised Cratering and Shaped Charges

Cratering charge
To make a cratering charge use a mixture of dry fertilizer (at least 33 1/3 percent
nitrogen, see package contents list) and Iiquid (diesel fuel motor oil, or gasoline) at a
ration of 25 pounds of fertilizer to a quart of liquid. Mix fertilizer with liquid and allow to
soak for an hour. Place half of the charge weight in hole, place 1 pound of primed
explosive, and then pour in other half of the charge.

Shaped charge

Figure 6-25. Improvised shaped charge

Satchel Charge
Melt ordinary paraffin (wax) and stir in ammonium nitrate (fertilizer) pellets. Make
sure that the paraffin is hot while mixing. Before the mixture hardens add a
half pound block of TNT or its equivalent as a primer. Pour the mixture into a
container. Shrapnel material may be added to the mixture if desired or attached on
the outside of the container to give a shrapnel effect.

Improvised Bangalore Torpedo
The principal use of an improvised bangalore torpedo is to clear paths through
barbed wire entanglements using one of the three methods.

Method one
Use any length of pipe with approximately a 2-inch inside diameter and a wall
thickness of at least .025 inch (24-gage). Pack the pipe with 2 pounds of explosive per
foot of length. Close one end of the pipe with threaded cap, wooden plug, or damp
earth.

Method two
Use any length of a U-shaped picket. Pack the inside section of the U-shaped picket
with 2 pounds of explosives per foot of length. Place the steel section of the U shaped
picket up.

Method three
Use any length of board. Attach 4 pounds of explosive per foot of length. Place
explosives up.

Detonating Cord Wick
Use a detonating cord wlck to widen bore holes. One strand will generally widen the
hole 1 inch. Tape together the desired number of strands and prime one stick of

dynamite with one of the strands. (The dynamite is used to clean the hole.) Place wick
and dynamite in hole. The wick must extend from the bottom of the hole to the
surface. Prime wick and detonate. Ensure hole is cold before putting in any other
explosives.

Expedient Time Fuze
Soak length of clean string (  -inch diameter) in gasoline and hang to dry. After
drying, store in a tightly sealed container. Handle as little as possible and test
extensively before use.
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C h a p t e r  7

B r i d g i n g

RIVER CROSSING

Operations

River crossing operations may be hasty, deliberate, or
crossings are always conducted in three phases: assault,
bridging.

retrograde. Deliberate
rafting (Table 7-1), and

Table 7-1. Planning factors for rafting operations

NOTES: 1. This table provides apprximate crossing times for LTR, Ribbon, M4T6.

and Class 60 rafts in currents of 0.5MPS (0-1.5 FPS).

2.  All round trip times include the time required to load and unload the rafts.
3. Increase crossing times by 50 percent at night.
4. Interpolate crossing times as necessary.
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Assault crossing

Equipment

Table 7-2. Assault crossing equipment
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Table 7-2. Assault crossing equipment (continued)
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Bridging/Raf t ing

Boats. The current standard is the Bridge Erection Boat Shallow Draft (BEB-SD).

Also still in use is the older 27-foot Bridge Erection Boat (BEB). Refer to TM 5-210 for

additional information.

Table 7-3. Bridge erection boats

Improved Float Bridge (Ribbon). The Ribbon major components are the interior bay

which weighs 12,000 pounds (5,443 kilograms) and the ramp bay which weighs

11,700 pounds (5,307 kilograms). Refer to TM 5-5420-209-12 for additional

information.
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Table 7-5. Launch restrictions

Allocation. Methods of launch from the 5-ton bridge truck.

Table 7-4. Allocation of Ribbon bridge (J series TOE) Table 7-5. Launch restrictions

NOTE:

1.

2.

The launch is based upon a 10 percent slope with the transporter backed into the water The
required water depth for a 30 percent slope with a 5 foot bank height is 183CM (72 in).
Interpolate between these values when needed.
This is recommended water depth launch could technically be conducted in 43CM (17 in) of
water.
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Raft design.

Table 7-6. Ribbon raft design

NOTES: 1.

2.

3.

4.

5.
6.

The asterisk (*) indicates that 3 bridge erection boats are required for conventional rafting of 4
5. or 6 bay rafts in currents greater than 1.5MPS/ 5 FPS.
When determining raft classification. L refers to longitudinal rafting and C refers to conventional
rafting.

If the current velocity in the loading/unloading areas is greater than 1.5MPS/ 5 FPS, then
conventional rafting must be used.
The roadway width of a Ribbon raftis is 4.1M (13 ft 5 in).
The draft of a fully loaded Ribbon raft is 61CM (24 in).
NEVER load vehicles on Ribbon ramp bays. Only interior bays may be Ioaded.

7-6



Table 7-7. Determination of bridge classification (wheel/track)

Bridge design. The number of Ribbon interior bays requlred are–

gap (meters) - 14
 = number of interior bays

6.7

OR

gap(feet) - 45
= number of interior bays

22

Two ramp bays are required for all Ribbon bridges.

During daylight hours a
meters (600 feet) per hour
classification.

Ribbon bridge can be constructed at the rate of 200
(Add 50 percent at n!ght.) See Table 7-7 for bridge

Anchorage of Ribbon bridges IS normally accomplished by tying BEBs to the

downstream slde of rhe bridge. The number of boats required is shown in Table 7- 8.

Table 7-8. Determination of number of boats needed for

the anchorage of a Ribbon bridge

Table 7-7. Determination of bridge classification (wheel/track)
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M4T6 Floating Aluminum Bridge

Allocation

Each corps float brldge company (M4T6) has five sets of M4T6 and 10 BEBs. One set
provides – 141 feet (43 meters) normal bridge.

Raft design

Table 7-9. M4T6 raft design and determination of

raft classification (wheel track)

OR

96 feet (29 meters) reinforced bridge,

OR

one 4 float normal raft,

OR

one 5 float normal raft,

OR

one 4-float reinforced raft and one 5-float reinforced raft,

OR

one 6 float reinforced raft.

Transportation
The M4T6 IS normally transported using 5-ton bridge trucks. One bay of bridge
disassembled, can be Ioaded on one 5-ton truck. Bays can also be preassembled and
flown to the river, using medium lift helicopters.

NOTES: 1. Refer to TM 5210 for methods of constructing M4T6 rafts.
2. Roadway width of an M4T6 raft is 4.2M (13 ft 10 in).
3. Draft of a fully loaded M4T6 raft is 66CM (29 in).
4. Construction times increase by 50 percent at night.
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Bridge design

Floats (bays) required for normal bridges are—

Floats required for reinforced bridges are–

NOTE: For reinforced bridges, two-thirds of the total number of floats must be
equipped with offset saddle adaptors.

Site and personnel requirements.

Table 7-10. Determination of site and personnel requirements

NOTES:1. Refer to TM 5-210 for methods of constructing M4T6 bridges.
2. Increase construction times by 50 percent for reinforced bridges.
3. Increase all construction times by 50 percent at night.
4. Draft of an M4T6 bridge is 101.6CM (40 in).
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Floats (bays) required for normal bridges are-

Raft designBridge classifications.

Table 7-11.

(wheel/track) for

Determination of bridge classification

M4T6 normal and M4T6 reinforced bridges

Class 60 Steel Floating Bridge

One standard bridge set contains the components for the complete assembly of one
floating brldge capable of spanning a 135-foot (41-meter) gap OR one 4-, 5-, or 6- bay
raft.

Transportation
Class 60 bridges may be palletized and loaded on M172 semitrailers. Additionally,
one 15-foot bay of bridge may be transported on one 5-ton bridge truck.

Table 7-12. Class 60 raft design and determination of

raft classification (wheel/track)

NOTES: 1. Refer to TM 5-210 for methods of constructing Class 60 rafts.
2. One air compressor, one crane, and two bridge erection boats are needed

for raft construction and propulsion.
3. Roadway width of a Class 60 raft is 4.1M (13 ft 6 in)
4. Draft of a fully loaded Class 60 raft is 73.6CM (29 in).

Bridge design
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Floats (bays) required for normal bridges with reinforced end spans are– Bridge classifications.

Site and personnel requirements.

Table 7-13. Class 60 bridge site and personnel requirements

NOTES: 1. Refer to TM 5-210 for methods of constructing Class 60 bridges.
2. One air compressor, one crane, and two bridge erection boats are required at each
assembly site.

3. Roadway width of a Class 60 bridge is 4.1M (13 ft 6 in)
4. Draft of a Class 60 bridge is 101.6CM (40 in).
5. Construction time increases by 50 percent at night.

Table 7-14. Bridge classification (wheel/track)

NOTE: Classifications are based upon a 15 ft end span. Refer to TM 5-210 for bridges with
longer end spans.

Light Tactical Raft (LTR)

One set of LTR can provide–

one 4-ponton, 3-bay raft,

OR

one 4-ponton, 4-bay raft,

OR

44 feet (13.4 meters) of bridge.

Transportation
One set of LTR IS transported on two 2 ½-ton trucks and one pole trailer
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Raft/bridge design

Table 7-15. Raft/bridge design and classification determinatlon

NOTES: 1.  Refer to TM 5-210 for methods of construction.
2.  Articulators allow the ramps to be adjusted up 1M (41 in) or down .48M (19 in).
3.  Roadway width is normally 9 ft.
4.  All classifications are based upon a Normal crossing.
5. Construction times increase by 50 percent at night.
6. The draft of a LTR raft with outboard motors is 61CM (24 in).
7. To determine the number of LTR sets required to bridge a given gap, use the formula:

Gap (M) Gap (ft)
= number of sets OR = number of sets.

14 44
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Long-Term Anchorage Systems

All heavy floating bridges require the construction of long-term anchorage systems.

All long-term anchorage systems include three baste components approach guys,
upstream (primary) anchorage, and downstream (secondary) anchorage. Refer to TM
5-210 for additional information.

Approach guys
Approach guys are attached at one end to the first floating support of all floating
bridges. The approach guy is secured at the other end using deadmen, pickets, or
natural holdfasts. A minimum of ½ inch lmproved Plough Steel (lPS) cable should be
used. When installed, the approach guys should form a 45-degree angle with the
bridge.

Upstream anchorage
See Table 7-16. The upstream anchorage system holds the bridge in position against
the river's main current. Upstream anchorage systems should be designed based
primarily upon current velocity and bottom conditions.

Table 7-16. Design of upstream (primary) anchorage systems

Downstream anchorage

The downstream anchorage system protects floating bridges from reverse currents

(tides) as well as from storms or severe winds which might change the direction of
river flow.

Table 7-17. Design of downstream (secondary) anchorage systems
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Installation

Table 7-18. Installation of long-term anchorage systems

Design

The following information must be calculated or determined when designing an
overhead cable anchorage system:

1. Cable data

Number of master cables. . . . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Size of master cable(s) (CD) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Length of the master cable(s) (CL). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Number of clips at each end of the cable. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Spacing of cable clips  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
lnitial sag (S)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2. Tower data

Tower-waterline distance (A)

Actual tower height (H)
near shore. . . . . . . . . . . .
far shore . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .

near shore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

far shore. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tower-bridge offset (O 1)

near shore. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
far shore. . . . . . . . . . . . . . . . . . . . . . . . . . . .
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3. Deadman data

Depth of deadman (DD)
near shore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
far shore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tower-deadman distance (C)
near shore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
far shore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tower-deadman offset (O2)
near shore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
far shore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Deadman face (Df) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Deadman thickness (Dt) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Deadman length (DL)

near shore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
far shore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Bearing plate thickness (x] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bearing plate length (y) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bearing plate face (z) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design sequence
Use Figure 7-1 to determine where to take the required measurements for an
overhead cable anchorage system.

Figure 7-1. Dimensions for overhead cable design
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Step 1. Determine the size and number of master cables required. See Table 7-19 for
M4T6, Class 60, and Ribbon bridges. See Table 7-20 for Iight tactical bridges.

Number of cables = . . . . . . . . . . . . .
CD = . . . . . . . . . ..

Table 7-19. Determination of cable size (CD) and number of cables

for M4T6, Class 60, and Ribbon bridges

NOTES: 1.  All values are based upon IPS cable and a 2 percent initial sag.
2. Asterisks (*) indicate that is is unsafe to construct that system.

Step 2. Determine the distance between towers (L) in feet.

L = 1.1 (G) + 100'
Where G = the width of the wet gap in feet

L = . . . . . .
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7-17

Table 7-20. Determination of cable size (CD) for Iight tactical bridges S = .02(L)
Where L = the distance between towers in feet

S = . . . . . . . . . ...

Step 3. Determine the length of the master cable (CL) in feet.

CL = L + 250' CL = . . . . . . . . .
Where L = the distance between towers in feet

NOTE. This is an approximation based upon the most extreme circumstances

Step 4. Determine the number of cable clips required to secure one end of the master
cable.

Number of clips
Number of clips = (3 x CD) + 1 at each end = . . . . . . . . . . . . .
Where CD = the cable diameter in inches

Step 5. Determine the spacing of cable clips in inches

Clip spacing = 6 x CD Clip spacing = . . . . . . . . . . .
Where CD = the cable diameter in inches

Step 6. Determine initial sag (S) in feet.

Step 7. Determine tower height (H) in feet.

a.HR = 3' + S - BH
Where HR = the REQUIRED tower height in feet

S = initial sag in feet
BH = bank height in feet

NOTE. This calculation must be done for both the near shore and the far shore since
bank heights may be different.

b. Determine actual tower height (H). See Table 7-21 Compare the required tower
height to the possible tower height. Select the smallest possible tower that is greater

than or equal to the required height.

NOTE. If the near shore and the far shore towers are determined to have different
heights, steps 9 through 16 must be calculated separately for both near and far
shores.

H near shore = . . . . . . .
H far shore = . . . . . . .

Table 7-21. Possible tower heights (H)



Step 8. Determine the distance from each tower to the waterline (A) in feet.

L-G A  n e a r  s h o r e  -

A=
2 A  f a r  s h o r e

Where L = the distance between towers in feel
G = the gap width in feet

Step 9. Determine the offset from each tower to the bridge centerline (01) in feet
01 near shore = . . . . . . . . . . . . .

01 far shore = . . . . . . . . . . . . .

a. If the bank height (BH) is less than or equal to 15', then O1 = H + 50'.

b. If the bank height (BH) is greater than 15', then 01 = H + BH + 35'.

Where H = the actual tower height in feet

BH = the bank height in feet

Step 10. Identify deadman dimensions. Select a deadman from the available timbers
and logs. Generally, the timber with the largest timber face/log diameter is selected.
The largest face of the deadman is defined as Df, and the thickness is Dt.

Df = . . . . . . . . . . . . .
Dt = . . . . . . . . . . . . .

Step 11. Determine mean depth of deadman (DD) in feet.
DD near shore = . . . . . . . . . . . . .

DD far shore = . . . . . . . . . . . . .

a. There must be a minimum of 1 foot of undisturbed soil between the bottom of the
deadman and the ground water level (GWL). The deepest the deadman can be

( DDmax) is calculated as:

Where Df = the deadman face in feet
GWL = depth of ground water level in feet

b. The minimum deadman depth is always 3 feet

c. The maximum deadman depth is always 7 feet

d. Compare DDmax to these minimum and maximum values to determine the actual
mean depth of deadman (DD).

Step 12. Determine length of deadman (DL) in feet.

DL near shore = . . . . . . . . . . . . .
DL far shore = . . . . . . . . . . . . .

Where CC = the capacity of the anchorage cable in lb/1,000 from Table 7-22
HP = required holding power in lb/1,000 sq ft from Table 7-23
Df = deadman face in feet (for log deadman use log diameter (d))

Table 7-22. Determination of capacity

of anchorage cable (CC) in lb/1,000

D f

D D m a x = G W L - 1 ' - 2
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Table 7-24. Determination of O2'

Table 7-23. Determination of required holding power (HP)

in lb/1,000 sq ft

Step 13. Check minimum thickness of deadman (D t) in feet

For timber: DL must be less than or equal to 9

D t

For logs: DL must be less than or equal to 5—
d

Step 14. Determine the tower to deadman distance (C) in feet.

H + DDC= C near shore = . . . . . . . . . . . .

slope C far shore = . . . . . . . . . . . .

Step 15. Determine the tower to deadman offset (02) in feet.

0 2= (C(O 2 ')) 02 near shore = . . . . . . . . . . . .
02 far shore = . . . . . . . . . . . .

Where C = the tower to deadman distance in feet
02' = a factor determined from Table 7-24

Step 16. Design a bearing plate for each deadman. Given deadman face (Df) or log
diameter (d) and the size of the master cable (CD), refer to Table 7-25 (page 7-20) to
determine the length, thickness and face of the deadman bearing plate.

x = . . . . . . . . . . . .
y = . . . . . . . . . . . .
z = . . . . . . . . . . . .

Where H = the actual tower height in feet
DD = the mean depth of deadman in feet

slope = the tower to deadman slope
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Table 7-25. Determination of bearing plate dimensions

x, y, and z (inches)

NOTE: The values in this table are based
For former bearing plates refer to

Where x = bearing plate thickness
y = bearing plate length
z = bearing plate face

upon the use of IPS cable.
TM 5-210.

M4T6 FIXED SPAN

Refer to TM 5-210 for more detailed information.

Single Span Bridge
Single span bridge design is for 15 feet to 45 feet unsupported H-frames.

1. Classification of bridge (designated in the mission 1. CL

statement).

2. Gap as measured during reconnaissance. 2.

3. Safety setback for near shore (NS) and far 3a. NS+3'

shore (FS) is a constant of 3' for both prepared
and unprepared abutments. 3b. FS+3'

4. Initial bridge length (add steps 2, 3a, and 3b). 4.=

7 - 2 0



5. Round UP to next highest standard H-frame configu-  5. 7. Final design of bridge
ration (Table 7-26) a. H-frame (from step 5)

b. D/R roadway ratio (from step 6)

6. Determine deck/roadway (D/R) rat io required to   6. c.  Classi f icat ion (Table 7-26)

carry load (Table 7-26)

Table 7-26. Deck balk fixed span data

7a.
7b.
7c.

22_ Deck Width
18 Roadway Width } Number of balk

NOTES:
I. Figures 7-2 through 7-6 show H-frame layout and components for all lengths of
M4T6 unsupported spans.
2. All bridges require four short and four long cover plates if roadway is 18 balk wide.
For 16 balk roadway use four long and two short cover plates. For 22 balk roadway
use four long and eight short cover plates. All bridges require four bearing plates.
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Design
Measure
Measure the angle of repose (AR) gap. See Figure 7-13 Select a bridge centerline
Measure a distance from the firm ground on the home bank to the firm ground on the
far bank.

Select
Select a bridge from Table 7-27 to meet the AR gap and MLC required. Using the
bridge selected, go to the appropriater page: single story, page 7-33; double story
1 - 12 bays, page 7-37; double story 13-22 bays without LRS, page 7-41; double story
13 - 22 bays with LRS, page 7-45.

Table 7-27. Bridge selection table

Figure 7-13. Measuring AR gap
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Single story MGB design - 4 to 12 bays long

Figure 7-14. Single story MGB site layout (4 through 12 bays)
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Double story MGB (2E+1 through 2E+12)

Figure 7-15. Double story MGB site layout (2E+1 through 2E+12 bays)
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If N   H and/or T   G, go to Rule 3.

11. Rule 3. Raise the FRB and RRB by 0.69M.

NRule 3 NRule 2 + 0.69M N =

Check T  > G — Yes/No (Column p) T =

If yes, design is all right.

If NRule3      H, go to Rule 4A.

If TRule3      G, go to Rule 4B.

NOTES:1. Each nose includes a light nose complete.
2.   Nose cross girder setting — 6, 4, and 2 is the position of the cross girder resting on the 6th, 4th, and 2d hole from the bottom of the LNCG post.
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Double story (2E+13 through 2E+22) without LRS

Figure 7-16. Double story MGB site layout (2E+13 through 2E+22 bays) without LRS
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10. Rule 2. Raise the CRB and RRB by 0.253M.

Check N H — Yes/ No (Column k) Check T > G – Yes/No (Column l)

If yes, design is all right.

If N H, go to Rule 3A.

If T   G, go to Rule 3B.

NOTES: 1. Each nose includes a light nose complete
2.  Nose cross girder setting – 6, 4, and 2 is the position of the cross girder resting on the 6th, 4th, and 2d hole from the

bottom of the LNCG post.

7 - 4 3



7-
44



Double story (2E+13 through 2E+22) with LRS

Figure 7-17. Double story MGB site layout (2E+13 through 2E+22 bays) with LRS

7 - 4 5



7-
46



7-
47



7-
48



BAILEY BRIDGE TYPE M-2

Truss
The Bailey bridge trusses are formed from 10-foot panels and may be constructed in
any configuration shown in Table 7-28.

Table 7-28. Truss/story configuration
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Site Reconnaissance
A site reconnaissance must be conducted. The construction area must provide
enough space for equipment layout (Figure 7-18) and for the bridge site layout
(Figure 7-19).

Figure 7-18. Layout of bridging equipment at site
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Figure 7-19. Plan and profile views of a typical roller layout for a triple- truss or multistory bridge
7-51
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Table 7-31. Types of grillage needed
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22. Assembly time (Table 7-45). 22. 5 hr

NOTE: This time allows for ideal bridge construction conditions
and does not allow for site preparation or roller layout.

Table 7-45. Estimated time for assembly

HASTY NONSTANDARD FIXED BRIDGES

This paragraph describes the procedures for designing a hasty, one-lane fixed
bridge. MLC 30 or MLC 70.

NOTE: This is only a temporary design. Refer to TM 5-312 for design of a
semipermanent timber trestle bridge.

Nomenclature

Superstructure
The load carrying component of the superstructure is the stringer system, which may
be rectangular timber, round timber, or steel beams.

Substructure
Intermediate supports are required if the available material is not long enough or of
sufficient capacity to cross the required gap. Abutments are always required a each
end of the bridge.

Superstructure Design - Timber Stringers
Step 1. Determine the gap length and MLC (either MLC 30 or MLC 70).

Step 2. Determine the size of available structural timber. For round timbers, use the
average diameter.

Step 3. Use Table 7-46, enter at the top with the stringer size (round DOWN if
available size is not listed), then read down to appropriate gap size and desired MLC
to find the number of stringers per span required. If no number is listed, use two or
more shorter spans.

7 - 6 8



Table 7-46. Number of timber stringers required

Step 4. Use Table 7-47 to determine the required deck thickness based on MLC and
number of stringers.

Table 7-47. Required deck thickness - CM (in)
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Step 5. Lateral braces are required for those stringers listed with an asterick in Table
7-46 (page 7-69) or if d is greater than 2b. If lateral braces are needed, they should
have a depth of half the stringer depth and a minimum width of 3 inches. Locate the
braces at the ends and the midpoint of the span and in the top half of the stringer
(Figure 7-21).

Figure 7-21. Lateral bracing for timber stringers

Step 6. Curbs, handrails and a wearing surface can be omitted for hasty bridges
Figure 7-22 illustrates a cross-section of a hasty MLC 30 to MLC 70 one-lane timber
stringer bridge.

Figure 7-22. One-lane hasty timber stringer fixed bridge

Superstructure Design - Steel Stringers
Step 1. Determine the gap length and MLC (either MLC 30 or MLC 70)

Step 2. Measure the depth (d) and the base (b) of the available steel sections to the
nearest quarter inch or centimeter.

Step 3. Use Table 7-48, enter at the top with the stringer size (round DOWN if the
exact dimensions are not listed), then read down to the appropriate gap size and
desired MLC to find the number of stringers per span required. If no number is listed.
use two or more shorter spans.

Step 4. Use Table 7-47 (page 7-69) to determine the required deck thickness based
on MLC and number of stringers.
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7-71

Table 7-48. Number of steel stringers required

(number of lateral braces)



Step 5. Lateral braces are always required for steel stringers. Use Table 7-48 (page
7-71 (to determine the number of braces between each stringer. Figure 7-23 shows
how to install hasty lateral braces. If steel is used for bracing, it is not necessary to
weld it as long as the bridge is of a temporary nature. Attach steel as shown in Figure
7-24 for timber.

Step 6. Curbs, handrails, and a wearing surface can be omitted for hasty bridges
Figure 7-23 illustrates a cross-section of a hasty MLC 30 or MLC 70 one-lane steel
strtnger bridge.

Figure 7-23. One-lane hasty steel stringer fixed bridge

Figure 7-24. Alternate methods of securing stringers and nailing strips
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Substructure Design - Abutments
Abutments act as the interface between the bridge and the ground and must be able
to adequately spread the bridge loads into the soil without danger of soil failure,
abutment overturning, or abutment sliding. The easiest design for hasty temporary
construction is a timber sil abutment (Figure 7-25). Piles or concrete abutments
should be used for permanent design Refer to TM 5-312 for design procedures.

Substructure Design - Intermediate Supports
For hasty temporary construction, a crib pier can be constructed from available
materials. Crib piers will be rarely used in heights over 15 feet (4.6 meters). When
small sized timber is the only available material, cribs can be successfully built to
heights of 20 feet (6 meters) or more. Hasty piers can also be constructed of rubble,
rocks, vehicles. Bailey bridge parts, or any other available support material. The TM
5-312 outlines the design procedure for timer trestle, timber pile and steel framed
intermediate supports.

Figure 7-25. Timber sill abutment
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Figure 7-26. Timber crib piers
Figure 7-27. Leveling the top of a damaged pier
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Figure 7-29. Use of sandbags to repair damaged bridge

Figure 7-28. Timber spar bridges
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NOTE: This procedure will give a very hasty classification of soils, and SHOULD NOT
BE DESIGNED OF PERMANENT OR SEMIPERMANENT CONSTRUCTION.

Figure 8-1. Field identification of soils
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Figure 8-1. Field identification of soils (continued)
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DRAINAGEMoisture Content
To determine whether or not soil is at or near Optimum Moisture Content (OMC).
mold a golf ball size sample of soil with your hands. Squeeze the ball between your

thumb and forefinger. If the ball shatters into several fragments of rather uniform
size, the soil is near or at OMC. If the soil is difficult to roll into a ball or it crumbles
under very little pressure, the soil IS below OMC.

Stabilization
See Table 8-2 for recommended soil stabilizing agents.

Table 8-2. Recommended initial stabilizing agent

given in percentage by weight

The most common drainage structures are open ditches and culverts.

Runoff Estimates
The volume of water that iS to be carried by the open channel or culvert can be
estimated as follows:

Cross-sectional area estimate
Compute the amount of water that has been carried by the open channel (Figure 8-2).
Continue with the culvert or the open ditch design on page 8-6.

Figure 8-2. Cross-sectional area of water
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Runoff field estimate method (Q = 2ARC) Q = 2ARC

Determine acreage contributing runoff to project area by delineating drainage areas Where  Q = total runoff m CFS

and drawing flow lines (If drainage areas exceed 100 acres, do not use this method ) A = drainage area in acres

Remember that water flows down hill and perpendicular to contour lines. Calculate R = rainfall intensity (Figure 8-3)

total contributing area in acres (1 acre = 43,560 ft2= 4.047M2).  Find your general C = coefficient factor (Table 8-3)

location on Figure 8-3 and select the appropriate rainstorm intensity If your location Compute   (cross-sectional area of water) using formula:
is between two lines, select the higher value Select runoff coefficient from Table 8-3
and determine expected flow by using formula: Where                    =      cross-sectional area in

Q = quantny of water in CFS
V = water velocity (If not known, use 4.)

Figure 8-3. World Isohyetal map
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Table 8-3. Runoff coefficient
Culverts

Design
Using previously obtained area of water            the culvert design area                      
See Figure 8-4 to determine the maximum allowabe culvert diameter, fall, and cover
Round DOWN to next available culvert diameter. Determine number of pipes using
formula:

Start working with the largest available culvert that meets the maximum diameter
requirement. Then go to smaller diameters until the most economical solution is
found.
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Length
Figure 8-5. shows length determination procedures

Figure 8-4. Minimum fill and cover

Figure 8-5. Culvert length determination
8 - 7

Installation
During installation, the following criteria should be adhered to whenever possible:

• Place the inlet elevation at or below the ditch bottom.
• Extend the culvert 2 feet minimum downstream beyond the fill slopes.
• Use bedding of D/10 minimum.
• Space multiple culverts a minimum of D/2 apart.
• Desired slope iS 2 to 4 percent, minimum slope is 0.5 percent.
• Always use a headwall upstream.
• Riprap downstream to control erosion.



Examples
Examples of field expedient culverts are shown in Figure 8-6.

Figure 8-6. Expedient culvert examples
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Open Ditch Design
• Determine area of water     using formula (page 8-4):

• Select site slope ratio based on soil stability (Table 8-4), equipment capacity, and
safety.

• Determine cutting depth IAW Figure 8-7.

Table 8-4. Recommended requirements for slope ratios

in cuts and fills: homogeneous soils

NOTES: 1. Recommended slopes are valid only in homogeneous soils that have either an in-place
or compacted density equaling or exceeding 95 percent CE55 maximum dry density.
For nonhomogeneous soils, or soils at lower densities, a deliberate slope stability
analysis IS required.

2. Backslopes cut in to Ioess soiI will seek to maintain a near-vertical cleavage. DO NOT
apply loading above this cut face. Expect sloughing to occur.

Figure 8-7. Open ditch
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EXPEDIENT PAVEMENTS

Expedient Road Surfaces

See Chapter 2 (pages 2-19 through 2-22).

Expedient Airfield Surfaces
Calculate requirements using Table 8-5 and Table 2-11 (page 2-24) to prepare
subgrade, lay membrane. and lay matting.

Table 8-5. Mat characteristics

Start placing matting from one corner of runway with male hinges parallel with and
toward centerline. The first strip must be laid along edge of roadway. The second
strip must be staggered so that the connectors from the first strip are at the center of
the second strip panels. Connecting bars MUST be fully inserted (Figure 8-8).

Figure 8-8. Typical mat and connectors
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AIRFIELD REPAIR

Minimum Operating Strip (MOS)

The main focus is the MOS which is 15 meters x 1,525 meters (50 feet x 5,000 feet)
for fighter aircraft and 26 meters x 2,134 meters (90 feet x 7,000 feet) for cargo.

Priority of Work
See Figure 8-9.

(1) Establish first MOS (15M x 1.525M/50' x 5,000').
(2) Use minimal effort to build 7.6M (25') wide access routes.
(3) Establish second MOS (15M x 1.525M/50' x 5,000').
(4) Build more 7.6M (25') wide access routes
(5) Lengthen first MOS to 2.134M (7,000')
(6) Lengthen second MOS to 2.134 M (7.000')
(7) Widen first MOS 27.4M (90')

(8) Widen second MOS to 27.4M (90')

Figure 8-9. Airfield repair priority of work
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Membrane and Mat Repair
Membranes
Repair tears in membranes by cutting an “X” and lifting the four flaps back. Place a
new peice of membrane under the torn area to extend at least 30 centimeters (12
inches) beyond the torn area. Apply an adhesive to top of new membrane and bottom
of old membrane. Allow adhesive to become tacky. Fold flaps back into position and
allow adhesive to set for at least 15 minutes. Roll patched area with a wheeled roller
or vehicle.

M a t s
M8A1. Unlock end connector bars from damaged panel and remove locking lugs.
Move panel laterally until hooks are centered on slots. Pry hooks out of slots and
move panel to clear overlapping ends. Remove damaged panel. Remove locking lugs
from new panel and orient to same position as damaged panel. Reverse removal
procedures.

AM2.
Slide out method. Slide out entire run where damage to panel is located. Remove end
connector bars. Replace damaged panel. Push new run in until it is 5 to 10
centimeters (2 to 4 inches) from next panel, and continue procedure until all panels
have been replaced. Push run to its original position.

Cutting method. If special repair panels are available, cut the damaged panel as
shown in Figure 8-10 and remove pieces Replace with special repair panel and
accessories (Figure 8-11 ).

Figure 8-10. AM2 mat cutting method
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Figure 8-11. AM2 special repair panel
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M19. Replace a single mat by using a clrcular saw and cut as shown in Figure 8-12.
Use pry-bar and Iift cut pieces. Unbolt edges of damaged panel and replace as shown
in Figure 8-13.

Figure 8-12. Cutting of M19 mat

8 - 1 4
Figure 8-13. M29 repair panel replacement



For repair  of  large areas, create a pyramid as shown in Figure 8-14. Remove

maintenance access adapter and start  removing panel f rom the outside in unt i l

reaching the damaged area. Replace the damaged area and removed panels.

Figure 8-14. Repair of M19 large damaged areas

Other Than Membrane and Mat Surface Repairs
Figures 8-15 through 8-17 show different emergency repair methods.

Figure 8-15. Precast concrete slab crater repair

8 - 1 5 Figure 8-16. Sand grid repair method
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C h a p t e r  9

R i g g i n g  a n d  V e h i c l e  R e c o v e r y

R O P E S

Tables 9-1 and 9-2 give characteristics, safety factors, and breaking strength for
different diameters of wire, manila, and sisal ropes.

Table 9-1. Wire rope characteristics and safety factors

NOTES: 1. If age and condition of rope are doubtful and human life or equipment may be
endangered, apply a safety factor of at least eight.

2. The 6 x 19 means rope composed of 6 strands of 19 wires each.
3. Breaking strength of 6 x 7 or 6 x 37 wire ropes is 94 percent of the breaking strengh of a

6 x 19 rope of an equal diameter and identical material.
Example:
Find breaking strength of 1 ¼ inch, 6 x 7. Improved Plough Steel wire rope
Breaking strength of 6 x 19. 1 ¼ inch. Improved Plugh Steel wire rope = 64.6  tons
Breaking strength (6 x 7) = .94 x  64.6 = 60.7  tons

9-1



NOTE: Formula for safe work load for hooks:

Table 9-2. Properties of sisal and manila ropes CHAINS AND HOOKS

Table 9-3. Safe working load of chains (SF=6)

NOTE: Size IS the diameter
in inches of one
side of a Iink.

Table 9-4. Safe load on hooks

NOTES: 1. Breaking strength and safe loads given are for new rope used under favorable
conditions. As rope ages or deteriorates, progressively reduce safe loads to one-half of
values given.
2. Safe working capacity maybe computed, with safety factor of 4. When condition of
material is doubtful, divide computation by 2.

where, T = safe working capacity In tons
D = diameter in inches

3. Cordage rope IS issued by circumference sizes.
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NOTE: Safe capacity of each leg of shears or tripod is seven-eights of the value given for a gin pole.

SPRUCE TIMBERS

Approximate weight of timber is 40 pounds per cubic foot. See Table 9-5 for safe
capacity

Table 9-5 Safe capacity of spruce timber as gin poles

KNOTS,  LASHINGS,  AND FASTENINGS

Knots
The most commonly used knots are shown in Figure 9-1.

Figure 9-1. Common knots
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Lashings

Figures 9-2 through 9-4 show different types of lashings and splicings.

Figure 9-2. Square lashing
Figure 9-3. Rope splices
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Fastenings
See Table 9-6 for characteristics and usage.

Table 9-6. Wire rope clip

NOTE. The spacing of clips should be SIX times the diameter of the wire rope. To assemble
end-to-end connectlon, the number of clips indicated above should be increased by
two. The proper torque indicated above should be used on all clips: U-bolts are
reversed at the center of connection so that the U-bolts are on the dead (reduced load)
end of each wire rope.

Figure 9-4. Shear, block, and gin pole Iashing
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Slings
For different types of slings, see Figure 9-5.

To determine the sling capacity, use the formula:

Example problem. You have a ¾-inch-diameter manila rope. Is it safe to use the rope
to lift a 2,000-pound load wiht a 4-leg sling which has a vertical distance of 6 feet and
length of leg of 12 feet?

The tension on each leg will be 1,000 pounds. The safe working capacity of ¾ - inch-
diameter manila rope from Table 9-2 iS 0.67 tons or 1.340 pounds. Since the safe
working capacity is greater than the tension, the rope iS safe to use.

Figure 9-5. Single, combination, and endless slings
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Hoisting
Figures 9-6 through 9-8 show expedient lifting devices and their design.

Figure 9-6. Lashing for shears Figure 9-7. Boom derrick
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the advantage of a multiple system. see Figure 9-9.

Figure 9-8 Gin pole ready for operation

NOTE: 1. A gin pole 30 to 40 feet may be raised by hand.

2. Maximum length of pole is 60 times minimum diameter.

3. Guys are three to four times the pole length.

4. Refer to Figure 9-4 (page 9-5) for lashing details.

Tackle Systems
Figure 9-9 shows examples of different tackle systems in a simple tackle system, the
mechanical advantage is equal to the number of lines leaving the load. To determine

Figure 9-9. Block and tackle systems and mechanical advantages
9 - 8



ANCHORAGES AND GUY LINES

Anchorages

Use natural anchorage whenever possible (trees, boulders, and so forth). Figure
9-10 shows the design and characteristics of several picket holdfasts. For deadman
design and characteristics, see Chapter 7 (page 7-14).

Figure 9-10. Picket holdfast characteristics

Guy Lines

Use a minimum of four guy lines for gin poles and boom derrick and two guy lines for
shears. To determine what tension will be on a guy line, use the formula.

9 - 9

Figure 9-11. Guy line



HIGHLINE

The highline is a trolley line passing through a snatch block at each support (Figure
9-12).

Figure 9-12. Highline

Sag
The sag in the track cable when loaded should be not less than 5 percent of the span.

Safe Load Highline Formula

Problem: Span iS 400 feet
Track line is ¾ - inch-diameter manila rope
Haul line is ½ - inch-diameter manila rope
Track cable sag is 5 percent

Solution: BS for ¾ - inch diameter manila rope (Table 9-2. page 9.2)=

5,400 pounds (2.70 tons)
SF for ¾ - inch rope (Table 9-2) = 4.0
DL for ¾ - inch rope (Table 9-2) = 66.8 pounds/400 feet
DL for ½ - inch rope (Table 9-2) = 60 pounds/800 feet

S L = 2 7 0 - 3 3 . 4
SL = 236.6 pounds

For the payload, use the formula
PL = SL - (½ W of haul rope + W of traveler + W of carrier)

For this problem, this would mean
PL = 236.6 - (30 plus the weight of the traveler and carrier)

9 - 1 0



EXPEDIENT VEHICLE RECOVERY

Figure 9-13. Simple lifting techniques

Figure 9-14. Log used to provide truck traction Figure 9-15. Use of dual wheels for a winch

9-11
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M i s c e l l a n e o u s  F i e l d  D a t a

SPECIFIC WEIGHTS AND GRAVITIES

Table 10-1. Specific weights and gravities

10-1



Table 10-1. Specific weights and gravities (continued)
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C O N S T R U C T I O N  M A T E R I A L

Electrical Wire
Convert load to amperes required by using formula:

Table 10-2. Wire sizes for

10–ALUMINUM WIRE
12–COPPER WIRE

Enter Table 10-2 or 10-3 using computed amperes and distance to load to obtain
wire size. This procedure IS used when power iS to be furnished to a specific load
such as a motor or a group of Iights (See FM 20-31 for more details .)

110-volt single-phase circuits

10-3



12-COPPER WIRE
10-ALUMINUM WIRE

Table 10-3. Wire sizes for 220-volt three-phase circuits

1 0 - 4



Table 10-5. Wood screw diameters

10-5

Lumber Data

Table 10-4. Properties of southern pine

NOTE: In some species 5 ½" is the dressed size for nominal 6" x 6" and larger.

Fasteners



Table 10-7. Soil conversion factors

Table 10-6. Nail and spike sizes SOIL CONVERSION

Formula to find approximate number of nails required.
Number of pounds (12D to 60D, framing) =D/6 x BF/100
Number of pounds (2D to 12D, sheathing) = D/4 x BF/100
Where D = size of desired nail in pennies

BF = total board feet to be nailed

1 0 - 6



TRIGONOMETRIC FUNCTIONS AND GEOMETRIC F IGURES

Table 10-8. Trigonometric functions

10-7



Table 10-8. Trigonometric  functions (continued)

10-8
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C O N V E R S I O N  F A C T O R S
Unit

Table 10-10. Conversion factors
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Table 10-10. Conversion factors (continued)
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 Table 10-10. Conversion factors (continued)



Table 10-10. Conversion factors (continued)
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Table 10-10. Conversion factors (continued)
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Table 10-10. Conversion factors (continued) English Metric

NOTE: See FM 5-35 for additional conversion factors.

Table 10-11. Conversion English metric system

UNITS OF CENTIMETERS

FRACTIONS OF AN INCH

10-16



Table 10-11. Conversion - English metric system (continued)

Example: 2 inches = 5.08CM Example: 28 pounds = 9.07 kg + 3.63 kg = 12.70 kg

10-17



Table 10-11. Conversion - English metric system (continued) Time

Table 10-12. Time distance conversion

Example: 3 cu yd = 81.0 cu ft
10-18



US EQUIPMENT AND WEAPONS CHARACTERISTICS

Vehicle Dimensions and Classifications

Table 10-13. Vehicle dimension and classification

NOTE: Military load classification is for laden cross country or off highway (C).

10-19



Expedient Vehicle Classification

In an emergency temporary vehicle classification can be accomplished by using
expedient classifcation methods. The vehicle should be reclassified by the analytical
method as outlined in TM 5-312 or by reference to FM 5-36 as soon as possible to
obtain a permanent classification number.

Wheeled. Expedient  classification for wheeled vehicles may be accomplished by the
following methods:

• Compare the wheel and axle loadings and spacings of the unclassified vehicle
with those of a classified ified vehicle of similar design and then assign a temporary
class number.

• Assign a temporary class number using the formula:

TEMPORARY CLASS (wheeled vehicles = 0.85 WT

Where:

a n d = gross weight of of vehicle in tons
= average tire contact area in square inches (tire in contact with hard
= surface
= tire pressure in psi
= number of tires

NOTE: The tire pressure may be assumed to be 75 psi for 2½-ton vehicles or larger
no tire gage is available. For vehicles having unusual load characteristics  or odd axle
spacings, a more deliberate vehicle classification  procedure as outlined in STANAG
2021 is required.

Tracked . Expedient classification for tracked vehicles may be accomplished by  the
following methods:

• Compare the ground contact area of the unclassified tracked vehicle with that of
a previously classified vehicle to obtain a temporary class number.

• Assign a temporary class number using the formula.

TEMPORARY CLASS (ltracked vehicles) = WT

Where WT= gross weight in tons

The gross weight of the tracked vehicle            can be estimated by measuring the total
ground contact area of the tracks (square feet and equaling this to the gross weight
in tons.

Example: An unclassifed tracked vehicle has a ground contact area of 5.500 square
inches. Therefore, the area is about 38.2 square feet, and the class of the vehicle is

38.2 or 39, since ground contact area in square feet equals the aproximate weight
of a tracked vehicle in tons which is approximately equal to class number.

Nonstandard combinations. The class number of nonstandard combinations of
vehicles may be obtained expeditiously as follows:

Combination class = 0.9 (A + B) if A + B ≤ 60
Combination class = A + B if A + B > 60
A = Class of first vehicle
B = Class of second vehicle

Adjustment for other than rated load. An expedient class may be given to
overloaded or under loaded vehicles by adding 10 or subtracting the difference in
loading in tons from the normally assigned vehicle class. The expedient classifica-

tion number is marked with a standard vehicle class sign to indicate temporary
class ification as shown in Firgure 10-1.

Figure 10-1. Expedient class overload

1 0 - 2 0



Weapons Systems Characteristics

Table 10-14. Infantry weapons
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Table 10-14. Infantry weapons (continued)
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Table 10-14. Infantry weapons (continued)
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Table 10-15. US tank weapons

Table 10-16. US Ant ia rmor  miss i les
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Table 10-17. US field artillery and air defense weapons
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OPERATIONAL SYMBOLS

Table 10-18. Unit symbols

1 0 - 2 6
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G L O S S A R Y

A

A C E

A D A M

A D E

A D M

A H D

A M

A P

A P B

A P C

APF

approx

A R

armd

AT

A T D

AVLB

bde

BEB

BEB-SD

BIFV

bn

° C

C A B

cav

CBR

C bt

CEO

CEOI

C E V

C F A

C L A M S

Acronyms and Abbreviations

armed

armored combat earthmover

Area Denial Artillery Munition

Assistant Division Engineer

atomic demolitions munition

antihandling device

amplitude modulation

antipersonnel mine

antipersonnel blast mine

armored personnel carrier

antipersonnel fragmentation

approximate

angle of response

armored

antitank mine

antitank ditch

armored vehicle launched bridge

brigade

bridge erection boat

bridge erection boat shallow draft

Bradley infantry lighting vehicle

battalion

Celcius

c m

co

C P

C P R

div

D / R

D S

DTG

DZ

EEI

EENT

E M

engr

ENGREP

ERP

°F

F A S C A M

F D C

FEBA

FLOT

F M

FO

fps

command, control communications FS

combat aviation brigade FSCL

cavalry FSO

California Bearing Ratio ft

combat gal

C o m m u n i c a t i o n s  O p e r a t i o n G E M S S

Communications-Electronics Operations Instructions g m

combat engineer vehicle GPBTO

covering force area G S

Cleared Lane Marking System G T A

Glossary 1

centimeter(s)

company

command post

cardiopulmonary resuscitation

division

deck/roadway

double story

date-time group

drop zone

essential elements of information

early evening nautical twilight

enlisted member

engineer

engineer report

engineer release point

Fahrenheit

Family of Scatterable Mines

fire direction center

forward edge of battle area

forward line of troops

frequency modulated

forward observers

feet per second

far shore

fire support coordination line

fire support officer

foot, feet

gallon(s)

Ground Emplaced Mine Scattering System (M128)

gram

general purpose barbed tape obstacle

general support

graphic training aid



H C

H D P

H E M M S

HP

H Q

hr

I A W

in

inf

IOE

IPS

I R D

kg

k m

kmph

ksi

LAW

lb

L D / L C

LOC

LP

LRS

LTR

L Z / D Z

m

M B A

mech

M E D E V A C

METT-T

M O P M S

M O P P

M O S

hydrogen chloride

hull defilade position

hand emplaced minefield marking set

horsepower

headquarters

hour(s)

in accordance with

inch (es)

Infantry

irregular outer edge

Improved Plough Steel

"engineer reconnaissance patrol" (Threat term)

kilogram

kilometer(s)

kilometers per hour

kips per square inch

light antitank weapon

pound(s)

line of departure line of coordination

lines of communications

listening post

link reinforcement set

light tactical raft

landing zone/drop zone

meter(s)

Main Battle Area

mechanical

medical evacuation

mission, enemy, terrain and weather, time

and troops

Modular Pack Mine System (XM133)

mission oriented protection posture

minimum operating strip

M O U T

mph

mps

M R B

M R D

M R R

m t

N

N B C

N C O

N C O I C

M F

M G B

M I C L I C

min

M LC

m m
N S

NTZ

O B M

O C O K A

O I C

O I R

O O D

O P

O P C O N

O P L A N

O P O R D

O P S E C

O R P

O T

Glossary-2

military operations on urbanized terrain

miles per hour

meters per second

motorized rifle battalion

motorized rifle division

motorized rifle regiment

metric ton

square meters

north

nuclear, biological, chemical

noncommissioned officer

noncommissioned officer in charge

minefield

medium girder bridge

Mine Clearlng Line Charge (M58A3)

minute

military load classification

millimeter (s)

near shore

nontouch zone

outboard motor

observation and fields of fire, cover and

concealment, obstacles, key terrain and avenues of

approach

officer in charge

other intelligence requirements

"movement support detachment" (Threat term)

observation post

operational control

operation plan

operation order

operational security

objective rally point

observer target



PIR

PL

plt

POL

POZ

p p m

R A A M S

ROBAT

RP

RTO

S

SALUTE

S C A T M I N W A R N

S D

SEE

S O P

S S

S T A N A G

STB

T B

T D

T D P

T E X S

T M

T O C

T O E

T O W

tp

T R

U S

V T

W P

w t

priority intelligence requirements

phase line

platoon

petroleum, oils, and lubricants

“mobile obstacle detachment” (Threat term)

parts per million

Remote Antiarmor Mine System

Robatic Obstacle Breaching Assault Tank

reference point

radio transmitter operator

south/safe

size, activity, location, unit time, and equipment

Scatterable Minefield Warning

self destruct

Small Emplacement Excavator

standing operating procedures

single story

Standardization Agreement

super tropical bleach

tank battalion

tank division

turret defilade position

Tactical Explosive System

technical manual

tactical operation center

table(s) of organization and equipment

tub-launched optically tracked, wire guided missile

troop

tank regiment

United States

variable time

white phosphorous

weight

Glossary-3

1 st

2 d

3 d

Symbols

degree

times (formulas)

plus

minus

divided by

equals

foot, feet

inch(es)

number

and

percent

less than

greater than

less than or equal to

greater than or equal to

first

second

third

infinity



R E F E R E N C E S

REQUIRED PUBLICATIONS

Required publications are sources that users must read in order to 2 0 - 3 2

understand or comply with FM 5-34.

1 2 4 8

1 2 4 9

1 2 5 0

1 2 5 1

1 2 5 2

1 3 5 5

1 3 5 5 - 1 - R

1 7 1 1 - R

2 2 0 3 - R

5 - 2 5

5 - 3 6

5 - 1 0 0

5 - 1 0 1

5 - 1 0 2

5 - 1 0 3

5 - 1 0 4

5 - 1 0 6

5 - 1 3 4
5 - 1 6 4

5 - 1 6 5

5 - 1 6 6

5 - 2 3 3

5 - 2 7 7

5 - 3 3 5

5 - 5 4 1

5 - 7 4 2

6 - 2 0

2 0 - 3 1

Department of the Army Form (DA Form)

Road Reconnaissance Report

Bridge Reconnaissance Report

Tunnel Reconnaissance Report

Ford Reconnaissance Report

Ferry Reconnaissance Report

Minefield Record

Hasty Protective Minefield Record

Engineer Reconnaissance Report (LRA)

Demolition Reconnaissance Report

Field Manual (FM)

Explosives and Demolitions

Route Reconnaissance and Classification

Engineer Combat Operations

Mobility

Counter mobility

Survivability

General Engineering

Employment of Atomic Demolition Munitions

Pile Construction

Tactical Land Clearing

Hasty Revetments for Parked Aircraft

Well Drilling Operations

Construction Surveying

Bailey Bridge

Drainage

Military Soils Engineering

Concrete and Masonry

Fire Support in Combined

Electric Power Generation

Arms Operations

in  the Field

2 1 - 1 0

9 0 - 1 3 ( H T F )

1 0 1 - 1 0 - 1

5 - 2 - 1 2

5 - 2 0 0

5 - 2 1 0

5 - 2 3 2

5 - 3 1 2

5 - 3 1 5

5 - 3 3 0

5 - 3 3 1 A - E

5 - 3 3 2

5 - 3 3 3

5 - 3 3 7

5 - 3 4 2

5 - 4 6 1

5 - 6 2 4

5 - 7 2 5

5 - 5 4 2 0 - 2 0 9 - 1 2

5 - 5 4 2 0 - 2 1 2 - 1 2

5 - 5 4 2 0 - 2 1 2 - 1 2 - 1

5 - 6 6 6 5 - 2 0 2 - 1 3

Mine/Counternline Operations

Field Hygiene and Sanitation

River Crossing Operations (How to Fight)

Staff Officers' Field Manual Organizational

Technical and Logistical

Graphic Training Aid (GTA)

Protractor

Technical Manuals (TM)

Camouflage Materials

Military Floating Bridge Equipment

Elements of Surveying

Military Fixed Bridges

Firefighting and Rescue Operations in Theaters of

Operations

Planning and Design of Roads, Airbases, and

Heliports in the Theater of Operations

Utilization of Engineer Construction Equipment

Pits and Quarries

Construction Management

Paving and Surfaciing Operation

Logging and Sawmill Operation

Engineer Handtools

Maintenance and Repair of Surface Areas

Rigging

Operator’s and Organizational Maintenance Manual

for Improved Float Bridge (Ribbon Bridge)

Operator’s and Organizational Maintenance Manual

for Medium Girder Bridge (MGB)

Operator’s and Organizational Maintenance Manual

Link Reinforcement Set for Medium Girder Bridge

Operator’s Organizational and Direct Support

Maintenance Manual for Detecting Sets, Mine

References- 1



Technical Manuals-continued

9 - 1 3 0 0 - 2 1 4 Military Explosives

9 - 1 3 7 5 - 2 1 3 - 1 2 Operator’s and Organizational Maintenance Manual

(including repair parts and special tools list) for

Demolition Materials

RELATED PUBLICATIONS

Related publications are sources of additional information. They are not
required in order to understand FM 5-34.

2 0 0 2

2 0 1 0

2 0 1 7

2 0 1 9

2 0 2 1

2 0 2 7

2 0 3 6

2 0 9 6

2 1 2 3

2 1 3 6

2 2 6 9

2 8 8 5

2 8 8 9

2 9 8 9

2 9 9 0

2 9 9 1

NATO Standardization Agreements (STANAGs)

Warning Signs for the Marking of Contaminated or

Dangerous Land Areas, Complete Equipment,

Supplies and Stores

Military Load Classification Markings

Orders to the Demolition Guard Commander and

Demolition Firing Party, Commander (Non-nuclear)

Military Symbols for Land Based Systems

Computation of Bridge, Raft and Vehicle

Classification

Marking of Military Vehicles

Land Minefield Laying, Recording, Reporting and

Marking Procedures

Reporting Engineer Information in the Field

Obstacle Folder

Minimum Standards of Water Potability

Engineer Resources

Procedures for the Treatment, Acceptability and

Provision of Potable Water in the Field

Marking of Hazardous Areas and Routes Through

Them

Transfer of Barriers

Principles and Procedures for the Employment in

Land Warfare of Scatterable Mines with a Limited

Laid Life

NATO Glossary of Engineer Terms and Definitions
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Abatis, 3-4, 6-6

Abutments, 1-8

Air defense weapons, 10-25

Aircraft characteristics, 2-23

Airfields

Constructions, 2-25 - 2-27

Dust control, 2-24

Maintenance, 2-27

Mat repairs, 8-12

Mats, 8-10

Repairs, 8-11 - 8-16

Requirements, 2-24

Alarm (NBC), 1-20

Ambush, organization, 1-8

Anchorage systems, 7-13 - 7-20

Antennas, 1-38, 1-39

Antihandling devices, 3-44

Antitank

Ditches, 3-12

Weapons, 10-24

Antivehicular obstacles, 3-12 - 3-37

Areas

Assembly, 1-4

Bivouac, 1-4

Dispersion, 1-3

Of geometric figures, 10-10

Armored Combat Earthmover (ACE), 2-15

Armor Vehicle Launch Bridge (AVLB), 7-3

Army aircraft, 2-23

Army track road, 2-21

I N D E X

Artillery, 1-10 - 1-14

Ammunition and fuzes, 1-14

Equipment, 10-25

Fire adjustment, 1-12

Fire request, 1-10

Smoke, 1-13

Assault

Boats, 7-2

Crossings equipment, 7-2 - 7-4

Assembly area, 1-4

Attachments, rigging, 9-1 - 9-7

Authentication, 1-40

Aviation, forward, 2-23

Bailey bridge, M2, 7-49 - 7-68

Bangalore torpedo, 2-4

Barbed wire

Concertina, 3-8, 3-9, 3-11

Entanglements, 3-6

Minefield fencing, 3-4

Obstacles, 3-7 - 3-11

Portable obstacle, 3-11

Requirements, 3-5

Tanglefoot, 3-10

Bivouac areas, 1-4

Block and tackle, 9-8

Blister agent, 1-15

Blood agent, 1-15

Boom derrick, 9-7

Boulder blasting, 6-10

Index-1



Breaching

Charge computation, 6-7 - 6-9

Charges, 6-7 - 6-9

Minefield, 2-5

Methods, 2-4

Obstacles, 2-5

Procedures, 2-15

Bridge anchorage system, 7-13 - 7-20

Bridge demolition

Abutment, 6-13, 6-14

Intermediates support, 6-13

Reconnaissance, 5-13

Superstructure 6-15 - 6-19

Bridge classification

Deliberate, 5-6

Hasty, 5-6

Reconnaissance, 5-6 - 5-13

Bridge fixed

Bailey, M2, 7-49 - 7-68

Hasty nonstandard (timber trestle), 7-68 - 7-73

Medium Girder Bridge (MGB), 7-30 - 7-48

M4T6 Fixed Span w/trestle, 7-20 - 7-29

M4T6 Fixed Span wo/trestle, 7-20 - 7-25

Bridge Floating

Class 60, steel, 7-10 - 7-11

Light Tactical Raft (LTR), 7-11, 7-12

M4T6 Float Bridge 7-8 - 7-10

Ribbon, 7-1 - 7-7

Bridge reconnaissance

Deliberate 5-6 - 5-13

Hasty, 5-6

Bridge reconnaissance (continued)

Report, 5-13

Symbols, 5-19, 5-21

Bridge, timber trestle

Classification, 5-6

Design, 7-68 - 7-73

Bridge, other

AVLB, 7-3

improvised, 7-68

Threat, 3-2

Bunkers, 4-15

Cables, anchorage system, 7-13 - 7-20

Call for Fire, 1-10

Camouflage, 4-18

Cardiopulmonary Resuscitation (CPR), 1-28

Chains, 9-2

Chemical agents, 1-15

Chespaling, 2-19

Clamps wire rope, 9-5

Class 60, steel bridge, 7-10, 7-11

Classification

Bridge, 5-6

Roads, 5-3

Routes, 5-1

Soil, 8-1 - 8-3

Vehicle, 10-19, 10-20

Claymore mines, 3-39, 3-51

Clearing

Lanes, 2-5

Minefields, 2-5

Routes, 2-6

Index-2



Cluster, mine, 3-21

Cold weather injuries, 1-30

Combat Engineer Vehicle (CEV), 2-13, 2-14, 10-19

Combat orders, 1-1

Operation, 1-2

Warning, 1-1

Combat patrol, 1-7

Combat roads, 2-18

Chespaling mats, 2-19

Corduroy, 2-19

Crater repair, 2-23

Planning, 2-18

Sand grid, 2-22

Sommerfeld tracks, 2-21

Tread roads, 2-20

Wire mesh, 2-22

Communication equipment

Antennas, 1-38, 1-39

Radios, 1-37

Communication security, 1-40

Concertina roadblock, 3-10, 3-11

Concrete obstacle, 3-15

Conversion, English to Metric, 10-15 - 10-18

Conversion factors, 10-11 - 10-16

Corduroy roads, 2-19, 2-20

Counterforce charge, 6-10

Countermine, 2-3

Countermobility planning, 3-3

Crater repair, 2-23

CPR, 1-28

Cratering charges, 6-11

Crew-served weapon fighting position, 4-3

Culvert, 4-8, 8-6 - 8-8

Daily water requirement, 1-36

Decontamination, 1-27

Deep-cut position, 4-12

Defensive equipment, Threat, 2-2

Defensive position wire requirement, 3-6

Deliberate

Bridge classification, 5-6 - 5-12

Defensive position, 3-6

Fighting positions 4-9, 4-10

Protective minefield, 3-16

River crossing, 7-1

Threat minefield, 2-1

Threat obstacle system, 2-1, 2-2

Demolition

Abatis, 6-6

Abutment, 6-13

Blasting boulder, 6-7

Breaching charge, 6-7 - 6-9

Bridge, 6-13 6-19

Charge calculations, 6-3

Craterlng charge, 6-11, 6-12

Ditching. See Cratering charges

Expedient, 6-21

Firing systems, 6-3

Hasty, 6-21

Obstacle breaching, 2-15

Pier, 6-13
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Demolition (continued)

Priming, 6-2

Reconnaissance, 6-20

Steel cutting, 6-4, 6-5

Stumping, 6-7

Timber cutting, 6-6

Wall breaching, 2-16

Design

Culvert, 8-6 - 8-8

Minefield, 3-16

Open ditch, 8-9

Detection mines, 2-3

Diamond charge, 6-5

Dismounted operations, 1-4 - 1-9

Movement techniques, 1-4, 1-5

Job site security, 1-6

Patrolling, 1-6 - 1-9

Ditches

Antitank, 3-12

Drainage, 8-9

Double apron fence, 3-7

Drainage, 8-4

Driftpins, 9-9

Dust control, 2-24

Earth moving equipment, 10-19

Electric

Firing systems, 6-3

Priming, 6-1

Wire table, 10-3, 10-4

Enemy Minefield Report, 2-3

Entanglements, 3-6

Engineer

Equipment (Threat), 2-2, 2-3, 3-2

Equipment (US), 2-4 2-14, 7-2 - 7-14

Reconnaissance, 5-17

Resource symbols, 5-21

Expedient

Airfield surfaces, 8-10

Bridging, 7-68

Culverts, 4-8, 8-6

Demolitions, 6-21

Mines, 3-49

Obstacles, 3-12 - 3-15

Road construction, 2-18

Road surfaces, 2-19 - 2-22

Explosive

Charateristics, 6-2

Obstacles, 6-12, 6-14

Relative effectiveness factor (RE), 6-2

Safe distance, 6-1

Safety, 6-1

Facing revetments, 4-14

FASCAM, 3-35

Fastenings, 9-5

Ferry reconnaissance, 5-20

Fiber rope, 9-3, 9-4

Field fortification, 3-3

Field sanitation, 1-35

Fighting position

Combat vehicles, 4-9

Crew-served weapons, 4-3

Individual, 4-1
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Firing devices

Expedient, 3-54

US, 3-44 - 3-47

Firing systems, 6-3

First aid, 1-28

NBC, 1-15

Fixed bridge

Bailey, M2, 7-49 - 7-68

Hasty nonstandard, 7-68 - 7-73

Medium Girder Bridge (MGB), 7-30 - 7-48

M4T6 Fixed Span w/trestle, 7-20 - 7-29

M4T6 Fixed Span we/trestle, 7-20 - 7-25

Flame mines, 3-53

Float bridges

Class 60, steel, 7-10, 7-11

Light Tactical Raft (LTR), 7-11, 7-12

M4T6 Float Bridge, 7-8 - 7-10

Ribbon. 7-1 - 7-7

Floating equipment, 7-2 7-5 7-8, 7-10, 7-11

Ford reconnaissance, 5-16

Foreign mines

AP 2-9 - 2-12

AT 2-6 - 2-9

Forms

DA 1248, 5-4

DA 1249, 5-13

DA 1251, 5-16

DA 1355, 3-28 - 3-33

DA 1355-1R, 3-19

DA 1711-R, 5-18

DA 2203-R, 6-20

Four-strand cattle fence, 3-9

Foxholes, 4-2, 4-7

Fuzes, mines, 3-38

Gaps, minefields. 3-21, 3-24

General Purpose Barbed Tape Obstacle (GPBTO), 3-10

Geometric figures, 10-10

Gin pole, 9-8

Guy lines, 9-9

Hand-washing devices, 1-35

Hasty

Bridge classification, 5-6

Fighting positions, 4-9

Nonstandard bridge, 7-68 7-73

Protective minefield, 3-16, 3-19

River crossing, 7-1 - 7-4

Road crater, 6-11

Threat defense, 2-1

Helicopter characteristics, 2-23

Helipad construction and requirements, 2-24 - 2-27

Heliport marking, 2-26

Highline, 9-10

Hitches 9-3

Hositing 9-8

Holdfast, pickets, 9-9

Hooks, 9-2

Individual fighting positions, 4-1

Infantry weapons, 10-21 - 10-23

Injuries. See First aid

Interdiction minefields, 3-16

Iodine tablets, 1-36

Irregular Outer Edge (IOE), 3-24
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Job site security, 1-6

Knife rest, 3-11

Knots and lashings, 9-3 - 9-5

Landing mats, 8-10

Landing zones, 2-24, 2-25

Lanes, minefields, 3-21, 3-24

Lashings, 9-3 9-5

Latrines, 1-35

laying unit organization, minefields 3-25

Level

MOPP, 1-20

Survivability 4-8

Lifesaving steps, 1-28

Light Tactical Raft (LTR), 7-11, 7-12

Log obstacles

Abatis, 3-14

Cribs, 3-12, 3-13

Hurdles, 3-14

Post, 3-15

LTR, 7-11, 7-12

M60 Range Card, 4-4

M180, cratering. 6-12

March formulas, 1-3

Markings

Bridge, 5-19

Enemy obstacles, 10-29

Heliports. 2-26

Lanes, 3-35

Minefields 3-34

NBC, 1-24

Vehicles, 10-19

Material factor for breaching, 6-8

Mechanical advantage, 9-8

Mechanical ambush, 1-9

Medical evacuation (MEDEVAC), 1-32

Medium Girder Bridge (MGB), 7-30 - 7-48

Metal landing mats, 8-10

Military road classification 5-3

Mines

Expedient, 3-49

Foreign, AP, 2-9 - 2-12

Foreign, AT, 2-6 - 2-9

Scatterable, 3-48

US, conventional, 3-38

Minefields (NATO standard)

Authority to lay, 3-17

Breaching, 2-5

Clearing, 2-5

Clusters, 3-21

Computations, 3-20

Density, 3-20

Emplacing, 3-21 - 3-24

Employment, 3-16

Gaps/lane, 3-23 - 3-24

IOE, 3-24

Lanes, 3-23, 3-24

Laying unit organzation, 3-25

Marking, 3-34

Numbering clusters, 3-23

Patterns, 3-20, 3-21

Recording 3-19, 3-28 - 3-33

Reports, 3-17, 3-18
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Minefields (NATO standard) (continued)

RO W, 3-20, 3-23

Strips, 3-23

Tripwire, 3-24

Types, 3-16

Minefields (Scatterable) 3-35

Authority, 3-17

Employment, 3-16

Marking, 3-37

Recording, 3-37

Reporting, 3-37

Minefield (Threat)

Breaching, 2-4, 2-5

Characteristics, 2-1

Clearing, 2-4, 2-5

Detecting, 2-3

Recording, 2-3

Reporting, 2-3

Mobility Equipment

Threat, 3-1, 3-2

US, 2-4, 2-13, 2-14, 7-2 - 7-14

Moisture content, 8-4

MOPP levels, 1-20

Movement, order. See Orders

Movements, mounted/dismounted, 1-4

M4T6 Fixed Span w/testle, 7-20 - 7-29

M4T6 fixed Span wo/trestle, 7-20 - 7-25

M4T6 raft, 7-8 - 7-10

Nails and fasteners, 10-5

NBC, 1-15 - 1-27

Agents characteristics, 1-15

Alarms and signals, 1-20

Decontamination, 1-27

Markings, 1-24

MOPP levels, 1-20

Reports, 1-16 - 1-19

Unit degradation, 1-25

Unmasking procedures, 1-24

Warnings, 1-20, 1-21

Oblique triangle, 10-8

Obstacle

Antitank ditch, 3-12

Breaching, 2-13 - 2-17

Demolition, 6-11, 6-12

Expedient, 3-10 - 3-15

Concrete, 3-15

Log, 3-12 - 3-15

Portable, 3-11

Report, 2-13

Steel, 3-15

Standard, 3-26, 3-35, 3-36

Wlre, 3-6 - 3-11

Obstacle breaching/nonexplosive

Equipment, 2-14

Methods, 2-16, 2-17

Procedures, 2-15

Obstacle report, 2-13

Open ditches, 8-9
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Operations mounted/dismounted, 1-4

Orders

Movement, 1-1

Operation, 1-2

Warning, 1-1

Organic test, soil, 8-3

Overhead cable, 7-14

Overlay symbols, 5-19 - 5-21, 10-26

Patrolling, 1-6

Phony minefields, 3-16

Picket holdfast, 9-5

Pier demolition, 6-7

Point minefield, 3-16, 3-30

Portable barbed wire obstacles, 3-11

Post obstacle, 3-15

Priming explosives 6-2

Priority of work

Assembly area, 1-4

Bivouac 1-4

Job site 1-6

Protective minefields fields, 3-16

Quartering party, 1-4

Radios

Location, 1-37

Messages, 1-40

Transmission format 1-40

Types 1-37

Raid patrol See Combat patrol

Range Card (M60), 4-4

Rates of marches, 1-3

Rafting equipment, 7-4, 7-8 - 7-10 - 7-11

Reconnaissance

Bridge, 5-7

Bridge demolition, 6-20

Engineer, 5-17

Ford, 5-16

Overlay symbols, 5-19

Patrol, 1-6

Reports, 5-2

Road, 5-3

Route, 5-1

Tunnel, 5-14

Water, 5-15

Recording, minefields

Enemy, 2-3

Ford mining, 3-33

Hasty protective, 3-19

Point minefields, 3-30, 3-31

Scatterable minefields, 3-37

Standard pattern minefields, 3-28 - 3-29

Recovery vehicle, 9-11

Repair

Airfield, 8-11

Road, 2-23

Relative effectiveness tactor, 6-2

Relieved faced crater, 6-11

Removal, mines, 2-6

Reports

Demolition reconnaissance, 6-20

Enemy minefield, 2-3

Enemy obstacles, 2-13

Minefields, 3-16
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Reports (continued)

NBC, 1-16

Obstacles, 2-13

Reconnaissance, 5-2

Road reconnaissance, 5-3

Route, 5-2

SALUTE report, 1-6

Revetments, type, 4-13

Ribbon bridge/raft, 7-5 - 7-7

Ribbon charge, 6-5

Ribbon test soil, 8-3

Rigging

Blocks, 9-8

Boom derrick, 9-7

Chains, 9-2

Deadman, 7-14

Fastenings, 9-5

Gin pole, 9-8

Guy lines, 9-9

Holdfast, 9-9

Hooks, 9-2

Knots and lashings, 9-3 - 9-5

Ropes, 9-1, 9-2

Shears, 9-7

Slings, 9-6

Splices, 9-4

Right triangles, 10-10

Ring charge, 6-6

River crossing

Equipment, 7-2 - 7-5, 7-8 - 7-10

Operation, 7-1

River reconnaissance, 5-15

Road classification formula, 5-3

Road construction hasty, 2-18

Cross section, 2-18

Design, 2-18

Drainage, 8-4

Soils, 8-1 - 8-3

Road marches, 1-1

Road reconnaissance, 5-3

Road surfaces, expedient, 2-18

Ropes, 9-1, 9-2

Rope clips, 9-5

Rope splices, 9-4

Route

Classification formula, 5-1

Reconnaissance, 5-1

Sweep, 2-6

Row mining, 3-20

Runoff, 8-4

Saddle charge, 6-5

Safety, explosives, and demolitions, 6-1

SALUTE, 1-6

Sand grids, 2-22

Sandbag revetment 4-13

Sanitation facilities

Hand washing, 1-35

Latrines, 1-35

Showers, 1-35

Scatterable

Minefields, 3-35

Mines, 3-48
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Screen, camouflage, 4-19

Screws, 10-5

Security

Communication 1-40

Job site, 1-6

Patrol, 1-7

Road march, 1-1 - 1-3

Sedimentation test, soil, 8-3

Shaking test, soils, 8-3

Shears, 9-7

Shelters, 4-17

Shine test, soil, 8-3

Shore guys, 7-13

Shower unit, 1-35

Signals

NBC, 1-20

Visual, 1-41

Signs

Bridges, 5-19

Minefield marking, 3-34

NBC marking, 1-24

Threat NBC marking, 1-24

Vehicle classification 10-19, 10-20

Slings 9-6

Slope measurements, 5-1, 5-2

Smoke, artillery, 1-13

Soils

Characteristics, 8-1

Identification tests, 8-2

Stabilization, 8-4

Sommerfeld track, 2-21

Specific gravities, 10-1

Spikes, 10-6

Splices, rope, 9-3

Spruce timbers, for gin pole, 9-3

Standard Obstacles, 3-26, 3-35, 3-36

Standard pattern minefield, 3-29

Steel cutting charges, 6-4, 6-5

Sting and bites first aid, 1-30

Stream velocity, 5-16

Stream width, 5-16

Strip centerline, 3-22, 3-23

Stumping, 6-7

Survivability

Individual/Crew position, 4-1

Levels, 4-8

Positions versus Antitank ditch, 3-4

Shelters, 4-13

Vehicle positions, 4-9

Symbols

Engineer resources, 5-21

Overlay, 5-19

Unit, 10-26

Weapons, 10-27, 10-28

Tackle systems, 9-8

Tactical minefield, 3-16

Tactical road marches, 1-1

Tamping factor, 6-9

Tanglefoot, 3-10

Tetrahedron, 3-15

Thread test, soil, 8-3

Timber, cutting, 6-6
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Timber, spruce 9-3

Timber trestle bridge, 7-68 - 7-73

Time distance conversion, 10-18

Threat

Deliberate defense, 2-1, 2-2

Engineer equipment, 2-3

Equipment, 3-1

Hasty defense, 2-1

Minefield report, 2-3

Mines. See foreign mines

NBC markings, 1-24

Obstacle breaching equipment, 3-2

Obstacle reporting, 2-13

Offense, 3-1

Tower, anchorage system, 7-13 - 7-20

Trails. See Road construction

Tread roads, 2-20

Tree blasting, 6-7

Trestle apron fence, 3-11

Tren hes, 4-13

Trogonometric function, 10-7

Trip flares, 3-45

Tripwires, 3-24

Triple standard concertina, 3-8

Troop leading procedures, 1-4

Troop movement factors, 1-3

Tunnel reconnaissance, 5-14

Unit identification symbols, 10-27, 10-28

Unmasking procedures, 1-24

Vehicle classification, 10-19, 10-20

Vehicle fighting position, 4-9 - 4-12

Vehicle markings, 10-20

Vehicle recovery, expedient, 9-11

Visual signals

Flashlight, 1-43

Hand and arms, 1-41

Volumes of geometric figures, 10-10

Wall destruction, 2-16

Wall Retaining, 4-14

Warning order, 1-1

Warnings (NBC), 1-20, 1-21

Washing facilities, 1-35

Waste disposal, 1-35

Water

Disintectation, 1-36

Quantity requirement, 1-36

Reconnaissance, 5-15

Weapons fighting position, 4-1

Weapons symbols, 10-27, 10-28

Weapons, threat, 3-1

Weapons US, 10-19 - 10-25

Weigh and specific gravities, 10-1 - 10-2

Wire mesh roads, 2-22

Wire obstacles

Cattle fences, 3-9

Double apron fences, 3-7

Logistical requirements, 3-5

Portable obstacles, 3-11

Road blocks, 3-11

Triple standard concertina, 3-8

Wire rope, 9-1

Wire rope clips, 9-5
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Work priority, 1-4

Assembly area, 1-4

Bivouac area, 1-4

Job site, 1-6

Wounds. See First aid
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