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Introduction

“Special roads” is a category for roads that tends not to fit into the
standard definition for either urban or rural roadways. In design guide-
lines and research publications, special roads are often referred to as
“low-volume roads” (LVR), although volumes are only one criterion for
designating a roadway as a special road. Other important criteria
related to special roads include function, seasonality, traffic composi-
tion and roadway structure. Examples of special roads (besides LVR)
include recreational roads (scenic and seasonal, including park,
campground, winter lodge, cottage and beach access), resource
access roads (including mining, petroleum and logging access) and
winter roads (made of ice and snow), amongst others.

Special roads surveys were sent to transportation officials and aca-
demics throughout Canada and the United States. An extensive re-
view of recent research publications from around the world related to
special roads was also carried out. In the final sections of the docu-
ment, all of the individual components were combined to produce a
complete synthesis of special roads, including jurisdictional practices
throughout Canada, the United States and the rest of the world.

Special Roads Guidelines

Canada

A review of current design guidelines being used by Canadian jurisdic-
tions revealed that, while several have comprehensive guidelines
regarding special roads, more specifically low-volume roads (LVR),
most provinces and territories have very limited guidance on the topic
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and either address these situations on a project-by-project basis or
rely on guidelines from the 1986 Transportation Association of Canada
Geometric Design Guide for Canadian Roads (see Table 1, below).

Table 1 – Special Roads Guidelines:
Canadian Provinces and Territories

Jurisdictional Reference to
Province/ Territory Guidelines 1986 TAC Guide

Alberta Comprehensive Yes

British Columbia Comprehensive Yes

Manitoba Formal yet Limited Yes

New Brunswick No Yes

Newfoundland No Yes
and Labrador

Northwest Territories Informal Yes

Nova Scotia Formal yet Limited Yes

Nunavut No Yes

Ontario Minimal Yes

Prince Edward Island No Yes

Quebec Formal yet Limited Yes

Saskatchewan Comprehensive Yes

Yukon Informal Yes

United States

A literature review was completed for design guidelines and other
relevant material regarding low-volume and other Special Roads
within the United States. Documents were found for all 50 states;
however, many of the documents do not contain geometric design
criteria specific to Special Roads. The search revealed that 15 of the
states have their own in-house geometric design guidelines for Spe-
cial Roads; eight of these fifteen States also make reference to
AASHTO’s 2001 Guidelines for Geometric Design of Very Low-Vol-
ume Local Roads. Six US states that do not have their own Special
Roads guidelines make specific reference to the 2001 AASHTO guide
as their exclusive source for design guidelines for these types of
roads.
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Other key design guides that are referenced by state-specific manuals
include the Roadside Design Guide (AASHTO), the Guide for Design
of Pavement Structures (AASHTO), A Policy on Geometric Design of
Highways and Streets (AASHTO, 2011 Green Book), and the Highway
Capacity Manual (TRB, 2010).

The US Fish and Wildlife Service has issued a roadway design docu-
ment which focuses on Special Roads within national wildlife refuges.
Likewise, the US National Park Service has issued a Park Road
Standards document which is a well-developed resource for geometric
design of park roads.

Australasia

The standard resource for road design in Australia and New Zealand
is the Austroads Guide to Road Design which is an extensive series of
documents jointly developed between 2006 and 2011. Each Australian
state and territory, and all of New Zealand have adopted this guide as
their primary roadway design standard; although, it should be noted
that New Zealand previously had their own design guide (dated 2003)
that made specific reference to low-volume roads.

United Kingdom & Ireland

The Design Manual for Roads and Bridges developed by the Depart-
ment for Transport in the United Kingdom has been adopted by all
countries within the UK (England, Scotland, Wales, and Northern
Ireland). While the manual does not specifically use the term “low-
volume roads”, it does directly address design standards associated
with low-volume, park and recreational, and non-motorized traffic
routes.

Other Countries

A key document that provides guidelines for the design of low-volume
roads in Africa is entitled Guideline: Low-volume Sealed Roads. This
document was prepared for the Southern African Development Com-
munity (SADC) in July 2003. Countries which have adopted these
guidelines include Angola, Botswana, the Democratic Republic of
Congo, Lesotho, Malawi, Maurithus, Mozambique, Namibia, Sey-
chelles, South Africa, Swaziland, Tanzania, Zambia, and Zimbabwe.
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Jurisdictional Survey

For this Study, an online survey was developed and distributed to
select stakeholders in Canada and in the United States to develop an
understanding of the Special Road design guidelines being used
throughout the industry and experiences related to those guidelines.
The survey questions included in this Study were developed in close
consultation with the Transportation Association of Canada (TAC)
Project Steering Committee (PSC).

While different jurisdictions and companies view the issues related to
Special Roads at different levels of priority, it is clear that most Cana-
dian provinces and territories would like to have structured, specific
Special Roads guidelines available. Representatives of Canadian
jurisdictions that were contacted directly for this Project have unani-
mously expressed that they wish to be able to make individual design
decisions, using the national guidelines as a technical resource, on a
project-by-project basis.

Special Roads Design Criteria

Classifications

Special Roads are classified, defined, and described differently de-
pending on the jurisdiction in which the design criteria have been
established. Canadian jurisdictions tend to refer to Special Roads as
recreational roads, resource access roads, service roads, local roads,
property access roads, and, more commonly, low-volume roads. In the
United States, jurisdictions tend to refer to Special Roads as local
roads, private roads, recreational and scenic roads, resource recovery
roads, agricultural access roads, and very low-volume roads.

Traffic Volumes

In general, throughout North America, Special Roads, or more specifi-
cally low-volume roads (LVR) tend to include roadways with Average
Daily Traffic (ADT) volumes of 400 vehicles or less; however, there are
variations in these classification criteria on a jurisdiction-by-jurisdic-
tional basis.

Design Speeds

Throughout North America, jurisdictions have been using design
speeds ranging from 30 to 110 km/h for Special Roads, although
maximum design speeds for these roadways tend to be in the 70 to 90
km/h range.

Other Design Criteria

Other design elements related to Special Roads which have been
included in various Canadian and US jurisdictional highway design
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guidelines include, but are not limited to right-of-way, Clear Zones,
lane widths, ditches, vertical and horizontal alignments, and stopping
sight distance.

Design Guides and Manuals

AASHTO Policy on Highways and Streets (2011)

In the recently published 2011 AASHTO “Green Book” there is a
relatively short section which discusses “Special Roads.” In this sec-
tion, AASHTO presents the following three functional classes of Spe-
cial Roads, each one defined by its function and special design crite-
ria: Recreation Roads, Resource Recovery Roads, and Very Low-
Volume Local Roads (ADT d” 400). This document refers the designer
to the 2001 AASHTO Geometric Design of Very Low-Volume Local
Roads (ADT d” 400), described below.

AASHTO Guidelines for Very Low-Volume Local Roads (2001)

This set of guidelines, which was developed by the US Standing
Committee on Highways, addresses many concerns related to Special
Roads, more specifically very low-volume rural and urban local
roadways with ADT less than 400 vpd. Chapters 1 to 3 of these guide-
lines present a background and scope of very low-volume roads
(VLVR) in the United States, explaining that these types of roadways
account for a large portion of the American highway system.

AASHTO regularly states that the guidelines are to be implemented in
conjunction with the engineering judgment of the designer involved.

TAC Geometric Design Guide (1999)

The 1999 TAC Geometric Design Guide for Canadian Roads (the
most recent such guide published by TAC) includes design principles
that are broader and more current than the 1986 TAC manual. How-
ever, the 1999 TAC guide does not include a chapter exclusively
discussing Special Roads or LVR-specific design principles. In fact,
throughout the entire 1999 guide, design criteria specific to Special
Roads is extremely limited.

TAC Guidelines for Winter Roads (2011)

Winter roads are another, important category of Special Roads. The
purpose of the TAC guidelines on winter roads is to educate the
reader on the history and purpose of winter roads and to provide
guidelines on how to construct and maintain these Special Roads.
This document explains that “winter roads play an important role
servicing remote communities with all-weather road access within the
territories and northern regions of Canadian provinces.” These tempo-
rary roadways are less-expensive alternatives to building and main-
taining permanent roads, although they are usually only traversable
for a few winter months.
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TAC Manual of Geometric Design Standards (1986)

The 1986 version of the Transportation Association of Canada (TAC)
Geometric Design Guide included Chapter H: Low-Volume Roads,
which provided design guidelines for roads with volumes (ADT) less
than 200 vehicles per day. Three main classifications of Special Roads
were addressed in these guidelines: Rural System Roads, Recrea-
tional Roads, and Resource Development Roads. These guidelines
were relatively comprehensive and included parameters for design
speeds, horizontal and vertical alignments, sight distances, cross-
sectional elements, clear zones, and roadside barrier applications.
The primary purpose of these guidelines was to address inconsisten-
cies among jurisdictions in the treatment of LVR and to standardize
road requirements as they relate to service function.

Throughout this Study, it was found that Chapter H in the 1986 TAC
guide provided the most comprehensive design guidelines for Special
Roads compared to any other design document available in Canada
or the United States.Research Articles

This Project included a synthesis of more than 40 literature sources,
including geometric design guides, journal articles, conference pro-
ceedings, and jurisdictional standards. They represent a broad geo-
graphic area, including North America, Scandinavia, Southern Europe,
East Africa, South Africa, Australasia, and South Asia.
The key findings of this research synthesis are:
 A major longevity concern for Special Roads, especially those

without a paved surface, is drainage. Without proper drainage,
unpaved roads will usually deteriorate quite quickly.

 Using superior materials will reduce the lifetime costs of Special
Roads due to lower maintenance costs.

 Design guides must be non-prescriptive, as the needs of each
Special Road are unique. These roads must be designed and
treated holistically, on a project-by-project basis, using engineering
judgment.

 Special Roads should be planned with the design requirements of
potential future upgrades considered.

 Environmental impact should be a key consideration when plan-
ning, designing, and maintaining Special Roads.

This research synthesis has established that the majority of Special
Roads design guides and other related documents provide lenience in
the design of Special Roads. This lenience allows for more design and
construction efficiency than would be observed with strict guidelines.
In addition, through further research into more efficient construction
and maintenance methodologies for Special Roads, transportation
funding can be focused into more critical and high-cost areas such as
bridges and highways.
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Summary

Discussion

It is clear that, while most Canadian provinces and territories would
like to have structured, specific Special Roads guidelines available,
representatives of all of the Canadian jurisdictions contacted for this
Study have unanimously expressed that they wish to be able to make
individual design decisions, using the national guidelines as a techni-
cal resource, on a project-by-project basis. Often times, these jurisdic-
tions must weigh safety, environmental, and budgetary factors when
deciding how to approach each project; and with Special Roads, there
is a wide array of geometric, environmental, and functionality issues,
which must be considered when making planning and design choices.

An important component of this Study was to make a comparison
between current, Canadian jurisdictional documents related to Special
Roads and those presented in TAC and AASHTO geometric design
guidelines. This process helped identify which geometric features of
Special Roads are already addressed in Canadian design guidelines,
which topics have not been addressed, and which issues require
specific attention and, perhaps, additional investigation, should a new
section on the geometric design of Special Roads be included in
future TAC publications.

Conclusions

The following conclusions have been made based on the guidelines,
practices, and research efforts presented and discussed in this Re-
port.

1. Special Roads exist in all 10 provinces and 3 territories of Canada.
These roadways represent 75 to 80% of all Canadian roadways
and, therefore must be considered an important topic of concern
for Canadian highway designers and government agencies, at all
levels.

2. Most guidelines presented in Special Roads-related design docu-
ments emphasize the importance of engineering judgment where
addressing issues related to new or existing Special Roads. All
project-related issues, including cost and constructability must be
considered when making decisions related to these roadways.
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Disclaimer

The material presented in this report was carefully researched and
presented.  However, no warranty expressed or implied is made on
the accuracy of the contents or their extraction from reference to
publications; nor shall the fact of distribution constitute responsibility
by TAC or any researchers or contributors for omissions, errors or
possible misinterpretations that may result from use or interpretation
of the material contained herein.

Transportation Association of Canada
2323 St. Laurent Blvd., Ottawa, ON K1G 4J8
Tel. (613) 736-1350 Fax: (613) 736-1395
www.tac-atc.ca
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Figure 5-26. Sample Ford Reconnaissance Report (back)

SAMPLE
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recon and pick up divers when the operation is completed. Helicopters may be
used to drop teams in the water or place teams on the far shore if the situation
permits. Engineer light diving teams routinely conduct river recons at night.

To assist underwater recon teams in maintaining direction, weighted lines
(transverse lines) may be placed across the bottom of the water obstacle.
Buoys or other floating objects are attached to the lines to indicate the survey
area for the underwater recon team(s). When the current is greater than 1.3
meters per second, underwater recon personnel will have difficulty
maintaining a position along the line selected. To assist divers, another
transverse line, parallel to the original line and with lateral lines connecting
both lines, may be placed upstream.

Bottom conditions are easily determined during periods of good visibility and
when the water is clear. However, under blackout conditions or when the
water is murky, the recon is much slower because swimmers must feel their
way across. If the tactical situation permits, diver’s may use underwater
lanterns.

Environmental conditions (such as depth, bottom type, tides and currents,
visibility, and temperature) have an effect on divers, diving techniques, and
equipment. The length of time that divers can remain underwater depends on
water depth, time at depth, and equipment used. When conducting a recon in
a current, swimmers expend more energy, tire more easily, and use their air
supply more quickly. In water temperatures between 73° and 85°F, divers can
work comfortably in their swimsuits, but will chill in one to two hours if not
exercising. In water temperatures above 85°F, the divers overheat. The
maximum water temperature that can be endured, even at rest, is 96°F. At
temperatures below 73°F, unprotected divers will be affected by excessive heat
loss and become chilled within a short period of time. In cold water, the sense
of touch and the ability to work with the hands are affected. Air tanks vary in
size and govern how long divers can operate. Extra tanks should be available
for underwater recon teams, and the facilities to recharge equipment should
be located close enough to respond to team requirements.

Units complete a river-recon report to transmit important information about
the river’s location, near- and far-shore characteristics, and river
characteristics. The information is recorded on DA Form 7398-R as shown in
Figures 5-27 and 5-28, pages 5-33 and 5-34.

FERRY RECON

Ferries are considered obstructions to traffic flow and are indicated by the
abbreviation “OB” in the route-classification formula. Ferryboat construction
varies widely and ranges from expedient rafts to ocean-going vessels. Ferries
differ in physical appearance and capacity depending upon the water’s width,
depth, and current and the characteristics of the traffic to be moved. Ferries
may be propelled by oars; cable and pulleys; poles; the stream current; or
steam, gasoline, or diesel engines.

CIVIL FERRIES AND FERRY SITES

Usually, the capacity of a civil ferryboat is expressed in tons and total number
of passengers. In addition, it is often assigned an MLC number. Ensure that
5-32
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Figure 5-27. Sample River Reconnaissance Report (front)

SAMPLE
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Figure 5-28. Sample River Reconnaissance Report (back)

SAMPLE
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you record the capacity of each ferry when more than one is used at a given
site. The ferries may vary in capacity.
5-35
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Preface

Field Manual (FM) 5-170 describes how engineer recon teams support and augment a maneuver
battalion or brigade’s recon effort. It is designed as an engineer extension of FMs 17-95 and 17-98.
This manual serves as a guide for both brigade and task force (TF) engineers, as well as for
subordinate leaders (especially recon team leaders) in planning, integrating, and conducting
recon operations. It also serves as a guide for the brigade and TF staffs and subordinate
maneuver commanders on the organization, capabilities, and employment of engineer recon
teams.

This manual sets forth the principles of conducting engineer recon activities supporting a
maneuver brigade or TF. It addresses engineer tactics, techniques, and procedures (TTP) that
highlight critical principles. However, the TTP are intended to be descriptive rather than
prescriptive; they are not a replacement for the TTP and standing operating procedures (SOPs)
that are unique to the supported unit. 

FM 5-170 is fully compatible with Army doctrine as contained in FM 100-5 and is consistent with
other combined-arms doctrine. This is not a stand-alone manual. The user must have a
fundamental understanding of the concepts outlined in FMs 100-5, 100-7, 100-16, 71-1, 71-2, 71-3,
17-95, 17-98, 5-71-100, 5-71-2, 5-71-3, 34-1, 34-2, 34-2-1, 34-130, 90-13, 90-13-1, 101-5, and
101-5-1. This manual also implements Standardization Agreement (STANAG) 2269, Engineer
Resources, Edition 3; STANAG 2027, Marking of Military Vehicles, Edition 3; STANAG 2253,
Roads and Road Structures, Edition 4; STANAG 2174, Military Routes and Route/Road Networks,
Edition 4; STANAG 2154, Regulations for Military Motor Vehicle Movement by Road, Edition 6;
and STANAG 2010, Military Load Classification Markings, Edition 5.

Appendix A contains an English to metric measurement conversion chart.

The proponent of this publication is Headquarters, United States (US) Army Engineer School
(USAES). Send comments and recommendations on Department of the Army (DA) Form 2028
directly to Commander, USAES, ATTN: ATSE-TD-D, Fort Leonard Wood, Missouri, 65473-6650.

Unless this publication states otherwise, masculine nouns and pronouns do not refer exclusively
to men.
vi



Chapter 1

Introduction

Combat power is generated by combining the elements of maneuver,
firepower, force protection, and leadership within a sound plan and then
aggressively, violently, and flexibly executing the plan to defeat an enemy.
The key to using combat power effectively is gathering information about
the enemy and the area of operations (AO) through recon. A recon provides
current battlefield information that helps a commander plan and conduct
tactical operations. A recon greatly enhances maneuver, firepower, and
force protection when properly executed. 

ORGANIZATION

Engineer recon elements may consist of an engineer platoon, squad, team, or
other element. During military operations, the engineer may be called on to
assist the maneuver force during recon missions. These missions are normally
executed by engineer recon teams, which are organized according to unit
SOPs. (See Chapter 4 for a complete discussion of the engineer recon team.)
Engineer recon teams may operate independently; however, they normally
augment cavalry scout platoons; mechanized, wheeled, or dismounted scout
platoons; or other maneuver units directly involved in recon operations. The
most prominent scout platoon in a force is the high-mobility, multipurpose
wheeled vehicle (HMMWV) scout platoon. 

If an engineer recon team is to augment a maneuver scout element, the team
should be task-organized with equipment that is compatible with the
supported maneuver recon force. The engineer team may use its own vehicle
or ride in the vehicles of the scout, cavalry, or infantry unit it supports. It may
move mounted or dismounted, depending on its current equipment,
organization, command and control (C2) structure, and enemy situation.

MISSIONS

An engineer recon team's primary mission is collecting tactical and technical
information for the supported or parent unit. The team must be able to
perform this mission mounted or dismounted, during the day or at night, and
in various terrain conditions.

A tactical recon is conducted in a high-threat environment and is a combined-
arms effort to—

• Collect information about the enemy’s location and obstacles and the
terrain within the AO.

• Conduct limited marking of obstacles, routes, and demolition work. 

• Conduct limited reduction of obstacles in conjunction with maneuver
units.
Introduction 1-1



FM 5-170
A technical recon is conducted in a low-threat environment. It may or may not
be a combined-arms effort to collect engineer-specific technical data on a point
or area target or route (see Chapter 5).

CHARACTERISTICS, CAPABILITIES, AND LIMITATIONS

An engineer recon team normally conducts operations as part of a larger
combined-arms force. This team has capabilities and limitations that must be
considered when they are employed.

GENERAL ORGANIZATIONAL CHARACTERISTICS

Characteristics of a typical recon team include the following:

• The engineer recon team usually depends on both the parent and
supported unit for combat support (CS) and combat service support
(CSS). 

• The scout platoon may perform a recon of two routes simultaneously
(for trafficability only) if the engineer recon team is performing a
recon with a HMMWV scout platoon.

• The engineer element will assist in reconning a zone 3 to 5 kilometers
wide when working with a scout platoon during a zone recon mission.
Mission, enemy, terrain, troops, and time available (METT-T)
conditions may increase or decrease the zone’s size.

• The engineer recon team must train and rehearse in detail with the
unit it supports to ensure that all soldiers understand the recon TTP.

ENGINEER RECON TEAM CAPABILITIES

An engineer recon team has the following capabilities. It—

• Increases the supporting unit’s recon capability concerning complex
mine and wire obstacle systems, enemy engineer activities, and details
of mobility along a route. 

• Provides detailed technical information on any encountered obstacle.

• Conducts an analysis of what assets will be needed to reduce any
encountered obstacle.

• Marks bypasses of obstacles based on guidance from the supported
commander. This guidance includes whether to mark bypasses and in
which direction the force should maneuver when bypassing an
obstacle.

• Assists in gathering basic enemy information. 

• Provides detailed technical information on routes (including
classification) and specific information on any bridges, tunnels, fords,
and ferries along the route.

• Assists in acquiring enemy engineer equipment on the battlefield.

• Assists in guiding the breach force to the obstacle to be reduced.
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ENGINEER RECON TEAM LIMITATIONS

An engineer recon team has the following limitations:

• Engineer battalions do not have personnel and equipment listed on
the table(s) of organization and equipment (TOE) and the modified
table(s) of organization and equipment (MTOE) dedicated to conduct a
recon (see Figures 1-1 through 1-5, pages 1-3 through 1-7).              

• The recon team has a limited ability to destroy or repel enemy recon
units and security forces.

• The distance the engineer recon team can operate away from the main
body is restricted to the range of communications, the range of
supporting indirect fires, and the ability to perform CSS operations.

• The recon team has a limited communications capability. Based on the
radio configuration of the vehicle used during the recon and whether
the engineer recon team is working under a maneuver element’s

Figure 1-1. Engineer battalion, engineer brigade, heavy division

Engineer Battalion, Engineer Brigade, Heavy Division*
TOE 05335L000

Cbt Engr
5-0-98-103

Support
1-1-56-58

Equipment Recapitulation

30 - HMMWV 12 - Grizzly 1 - Welding trl
28 - APC 6 - M548 1 - Shop equip org
12 - Wolverine 8 - HEMTT cgo 1 - HYSTRU
21 - ACE 4 - HEMTT POL 7 - M577
12 - MICLIC 3 - MTV trk cgo 2 - MKT
12 - 2½-t trl 2 - M88A1E1 (IRV) 6 - Volcano
9 - LMTV trk cgo 3 - HMMWV/maint 6 - SEE
6 - LMTV trl cgo 1 - HEMMT wrecker 2 - ¾-t trl
4 - Water trl 2 - Water drum 18 - 1½-t trl

*The engineer battalion, enhanced brigade, has the same TOE.

HHC
11-0-63-74

27-1-411-539
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control, dedicated monitoring of engineer nets may be difficult.
However, with the single-channel, ground-to-air radio system
(SINCGARS), the recon team should be able to scan critical engineer
nets or, at the very least, easily switch to the engineer net to report
obstacle intelligence (OBSTINTEL).

• The engineer recon team has very limited obstacle creation and
reduction ability. It normally carries only a light basic load of
demolitions, according to the unit’s SOP. Obstacle reduction is
normally limited to manually reducing obstacles not covered by enemy
fires and observation.

PLATFORM-SPECIFIC CAPABILITIES

An engineer recon team depends on its organic equipment and the equipment
of the unit it supports. Both the engineers and the supported unit must
determine the best combination of equipment based on METT-T. 

The two engineer vehicles commonly used in recon operations are the M113A3
armored personnel carrier (APC) and the M998 HMMWV. Both vehicles are
effective recon platforms when appropriately employed; however, security
must come from the supported unit because the vehicles have limited
firepower. The engineer must maximize his vehicle’s capabilities and minimize

Figure 1-2. Engineer battalion, light infantry division

Engineer Battalion, Light Infantry Division
TOE 05155L000

Equipment Recapitulation

3 - Volcano 3 - MTV trk cgo 1 - Water trl
1 - HMMWV/maint 1 - MTV wrecker 6 - 40-t trl, LB
3 - TUL 2 - MKT 6 - MET
1 - LMTV trl 57 - HMMWV 3 - MTV trl cgo
6 - Deuce 46 - ¾-t trl 18 - SEE
1 - HYSTRU 2 - KCLFF 3 - MTV dump
6 - Water drum 7 - LMTV trk cgo

33-1-376-410

HHC
18-1-124-143

Cbt Engr
5-0-84-89
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its limitations. A third type of platform is that of a supported maneuver unit
when it provides the engineer space on board its vehicle.

COMMAND AND SUPPORT RELATIONSHIPS

Engineers are task-organized a variety of ways, depending on the mission and
current requirements. This task organization drives an engineer recon team’s
command or support relationship.

ATTACHED

When attached, a recon team is temporarily placed in the unit it supports. The
commander of the supported unit exercises the same degree of C2 as he does
over his organic units. In this relationship, the recon team receives all of its
missions and support from the supported unit, not its organic engineer unit.
Additionally, the supported-unit commander may task-organize the recon
team as he feels is appropriate. 

Figure 1-3. Engineer battalion, corps (mechanized)

Engineer Battalion, Corps (Mechanized)
TOE 05435L300

HHC
13-1-146-160

Cbt Engr
5-0-100-105

28-1-446-475

Equipment Recapitulation

27 - APC 6 - M548 3 - HEMTT wrecker
33 - HMMWV 6 - Volcano 1 - Welding trl
18 - 1½-t trl 6 - SEE 3 - HMMWV/maint
12 - MICLIC 6 - Bolster trl 13 - HEMTT cgo
12 - 2½-t trl 2 - M577 4 - HEMTT POL
12 - MTV dump trk 2 - MKT 1 - Shop equip org
3 - 11-t flatbed trl 1 - Lube trl 1 - HYSTRU
20 - LMTV trl cgo 3 - Water trl 5 - ¾-t trl
21 - LMTV trk cgo 18 - ACE 1 - Forklift (atlas)
12 - Wolverine 6 - TUL 3 - M88A1E1
12 - Grizzly 3 - Water drum
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OPERATIONAL CONTROL (OPCON)

In an OPCON relationship, a recon team receives all of its tasking and
missions from the supported unit. The supported-unit commander retains the
same authority over the recon team as over his organic units and may task-
organize the recon team as he feels is appropriate. Logistical support comes
from the parent engineer unit unless the engineer battalion has coordinated
with the supported unit for certain classes of supply. 

DIRECT SUPPORT (DS) AND GENERAL SUPPORT (GS)

In a DS relationship, a recon team answers directly to the supported unit’s
requests for support. Logistical support is provided by the parent engineer
unit, and the recon team is commanded by its parent engineer unit
commander. In a GS relationship, a recon team receives missions and all
support from its parent engineer unit.

Figure 1-4. Engineer battalion, airborne division

Engineer Battalion, Airborne Division
TOE 05025L000

HHC
17-1-130-148

Cbt Engr
5-0-89-94

Equipment Recapitulation

6 - Volcano 1 - Welding trl 2 - Road grader
6 - Deuce 4 - KCLFF 5 - Water trl
2 - MKT 4 - LMTV trl cgo 1 - Lube trl
30 - ¾-t trl 3 - 2½-cy loader 9 - MTV trk dump
1 - HMMWV/maint 6 - MTV trk tractor 6 - 25-t trl, LB
3 - MTV trl cgo 1 - HYSTRU 10 - LMTV trk cgo
27 - SEE 1 - Forklift (atlas) 57 - HMMWV
1 - MTV wrecker 3 - TUL

32-1-397-430
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Figure 1-5. Engineer battalion, air-assault division

Engineer Battalion, Air-Assault Division
TOE 05215L000

HHC
17-1-136-154

Cbt Engr
5-0-89-94

Equipment Recapitulation

59 - HMMWV 2 - MKT 12 - T3 dozer
2 - Water trl 1 - 2½-cy loader 1 - LMTV trl cgo
27 - SEE 1 - HMMWV/maint 1 - MTV wrecker
6 - LMTV trk cgo 6 - 25-t trl, LB 1 - TUL
6 - MTV trk dmp 4 - KCLFF 1 - MTV trl cgo
41 - ¾-t trl cgo 1 - HYSTRU 6 - Volcano
1 - MTV trk cgo 6 - MTV tractor 5 - Water drum

32-1-403-436
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Chapter 2

Intelligence Preparation of the Battlefield and Reconnaissance and 
Surveillance Planning

An engineer recon team performs several critical tasks in support of the
supported-unit commander’s concept of an operation. The recon team’s
success or failure often results in the force’s success or failure. As part of
the commander’s “eyes” and “ears”, the recon team must maintain
communication with the tactical  operations center  (TOC). This
communication link is critical for the recon team to transmit intelligence
gained to the TOC and for the TOC to pass to the recon team any current
information on the friendly and enemy situations.

The engineer recon team leader must clearly understand the commander’s
intent and know what is expected of his team in each phase of the
operation. Also, he must be given the specific named areas of interest
(NAIs) that his team is to observe and the exact information he is expected
to gather within each NAI. The engineer recon team must be focused on
the NAIs that concern obstacles, mobility, or enemy engineer assets.
However, the team should be prepared to report on non-engineer-specific
information as part of the combined-arms recon effort. The team must be
provided with all of the available information concerning the type of
obstacles they may encounter during the recon.

The engineer recon team must be a part of the supported unit ’s
reconnaissance and surveil lance (R&S) plan. This ensures  that
commanders get the information they need to fight and win the battle. A
maneuver brigade and its subordinate battalions will produce R&S plans.
The brigade plan will task the subordinate battalions, as well as brigade
assets, and these tasks will be incorporated into each subordinate
battalion’s plan.

NOTE: The R&S plan is developed very early in the planning
process because it is critical to get recon assets into a mission as
early as possible. 

INTELLIGENCE PREPARATION OF THE BATTLEFIELD (IPB)

IPB is a systematic approach to analyzing the an enemy, the weather, and the
terrain in a specific geographic area. It integrates enemy doctrine with the
weather and terrain as they relate to the mission and the specific battlefield
environment. This is done to determine and evaluate enemy capabilities,
vulnerabilities, and probable courses of action (COAs). See FM 34-130 for a
complete discussion of IPB.
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Table 2-1 summarizes the engineer’s participation in the IPB process. The
Intelligence Officer (US Army) (S2) and the engineer staff conduct their
analysis by applying enemy doctrinal templates (which include obstacle
templates) to specific terrain. This becomes a situational template (SITEMP).
A SITEMP is basically a doctrinal template with terrain and weather
constraints applied. It is a graphic description of an enemy’s disposition
should he adopt a particular COA. It shows how enemy forces might deviate
from doctrinal dispositions, frontages, depths, and echelon spacing to account
for the effects of terrain and weather, and it focuses on specific mobility
corridors. A SITEMP is a visual technique. By placing a doctrinal template
over a segment of a mobility corridor, the analyst adjusts units or equipment
dispositions to depict where they might actually be deployed in the situation.
Time and space analysis is important in developing a SITEMP, which is used
during the war-gaming process. For further discussion of a SITEMP, refer to
FM 34-130. 

A SITEMP is the basis for event templating. An event template is a model
against which enemy activity can be recorded and compared. It represents a
sequential projection of events that relate to space and time on the battlefield
and indicates the enemy’s ability to adopt a particular COA. By knowing what
an enemy can do and comparing it with what he is doing, it can be predicted
what he will do next. This is an important analysis factor in determining the
enemy’s posture and movement. Knowing when and where enemy activity is
likely to occur on the battlefield will provide indicators of enemy intentions or
will verify that projected events did or did not occur.

As the threat visualization process develops, a number of critical locations will
become apparent (key terrain and man-made features such as bridges and
fords). These areas are important because significant events and activities
will occur there. It is within these areas that targets will appear. These areas
are designated as NAIs. NAIs must be observed to be effective. Therefore, the
number and location of NAIs designated is tied to the unit’s ability to observe
them.

NAIs may also be developed when the staff produces the decision-support
template (DST). The commander and his staff create a DST during the

Table 2-1. Engineer input to the IPB process

Engineer Input IPB Steps Output

Terrain data DEFINE THE BATTLEFIELD 
ENVIRONMENTAvailable threat engineer assets

Terrain analysis (OCOKA)
DESCRIBE THE 

BATTLEFIELD’S EFFECTS
MCOO

Threat engineer doctrine

EVALUATE THE THREAT Intel estimateEngineer HVTs

Threat engineer capabilities

Threat engineer support to each 
threat COA

DETERMINE THREAT COAS

SITEMP

Listing of HVT

Identify NAIs

Event template
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decision-making process. A DST graphically represents the projected
situation, identifying where a decision must be made to initiate a specific
activity or event.

NAIs developed during the IPB and decision-making process are prioritized,
and recon assets are tasked to collect information to support the commander’s
information requirements (IR). Engineer recon teams should be used for those
NAIs requiring engineer expertise.

In the offense, a maneuver unit’s S2, with the engineer staff ’s assistance, will
determine how and where an enemy will fight, how enemy direct-fire systems
and obstacles are arrayed, and what counterattack routes the enemy is likely
to take. The assistant brigade engineer (ABE) and the brigade S2 will also
provide input on enemy scatterable-mine (SCATMINE) capability and where
the mines may be placed, based on how the enemy is predicted to fight. The
ABE and the S2 provide any available information about existing obstacles on
the avenue of approach or mobility corridor. The TF S2 and the engineer
company executive officer (XO)/engineer platoon leader will incorporate this
information into their IPB.

In the offense, an engineer recon team's primary focus should be on
OBSTINTEL as discussed in FM 90-13-1, Chapter 2. This includes but is not
limited to—

• Obstacle location.

• Obstacle orientation.

• The presence of wire.

• Gaps and bypasses.

• Minefield composition (buried or surface antitank [AT] and
antipersonnel [AP] mines and antihandling devices [AHDs]) and
depth.

• Mine types.

• The location of enemy direct-fire weapons.

In the defense, a maneuver unit’s S2, with the engineer staff ’s assistance,
conducts a terrain analysis to determine an enemy’s avenues of approach. The
ABE and the brigade S2 work closely with the TF S2 and the engineer
company XO/engineer platoon leader in the TF’s TOC to provide input on
enemy engineer assets and enemy engineer COAs and to template the
enemy’s obstacle use. A recon team may be focused on—

• Obtaining information about planned routes to be used during
counterattacks, repositioning, or retrograde operations.

• Augmenting the TF scouts to identify enemy engineer equipment and
activity.

• Observing locations where friendly forces will emplace scatterable
minefields to provide information on its effectiveness and to call fires
on enemy vehicles.
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• Observing NAIs where the enemy is expected to employ scatterable
minefields.

R&S PLANNING

From an event template and a DST, the S2, in coordination with the
Operations and Training Officer (US Army) (S3), prepares a detailed R&S
plan that graphically depicts where and when the recon elements should look
for enemy activity. The R&S plan must direct specific tasks and priorities to
all R&S elements: company teams, scout platoons, engineer recon teams,
combat observation and lazing teams (COLTs), ground-surveillance radar
(GSR), and patrols. The supported battalion’s S2 translates the R&S plan into
operational terms and graphics. During recon operations, the S2 designates
NAIs for the engineer recon team. The S3 maintains overall OPCON of the
R&S plan; however, the S2 plans and monitors the R&S plan. The engineer
recon team leader further refines the plan to include such things as
checkpoints as control measures to guide the team's movement to these
objectives. 

The supported unit’s S2 should brief the recon team leader on the disposition
of friendly forces and the unit’s scheme of maneuver. The S2 provides the team
leader with the current (and projected) R&S and operational graphics and
terrain-index-reference-system (TIRS) points to support additional graphics
and fragmentary orders (FRAGOs). If the S3 does not brief the recon team
leader, the S2 must ensure that the commander's intent is accurately
portrayed as he briefs the team leader. The S2 should plan to employ the recon
team throughout the mission’s entire course. He should provide guidance on
when to report, what actions to take on enemy contact, and what CS and CSS
assets are available. The engineer commander must ensure that specifics
concerning obstacles, terrain, and enemy engineer assets that may be
encountered are also included in this briefing. The recon team leader should
receive the S2’s briefing before he departs the battalion area for his mission.
Other options, although less desirable, include receiving this information over
the radio or from a messenger sent by the commander.

The engineer staff in either the brigade’s or the TF’s TOC should do
everything possible to assist the engineer recon team leader by coordinating
with other battlefield operating system (BOS) elements. These types of
coordination are discussed in the following paragraphs.

A fire-support element (FSE) stays abreast of what the team is doing while
conducting the mission. This ensures that it provides responsive fire support
to the recon team. The engineer staff should coordinate with the fire-support
officer (FSO) to discuss the recon team’s mission and the unique requirements
the team has for fire support. The engineer staff finds out what support is
available, where supporting units are located, and what fire-support
restrictions exist. The team leader then recommends preplanned targets and
target priorities that the FSO will incorporate into a recon team’s fire-support
plan. The team leader should depart the FSE with an approved target list
and/or preplanned fire overlay.

The engineer staff may also coordinate with the appropriate signal officer
(engineer battalion, brigade, or TF) if the mission requires communications
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support. A retrans or relay support must be requested if the mission dictates.
The engineer recon team should not perform relay duties as their primary
mission; however, it is desirable for each vehicle used by the recon team to
have the capability to act as a retrans station. 

The engineer staff also coordinates with any additional elements that may be
providing support to the recon effort (such as air-defense artillery [ADA],
COLT, GSR, and aeroscouts). Ideally, any linkups should occur at the TOC
during daylight and in sufficient time to conduct a thorough briefing and
rehearsal with elements that the recon team is attached to or elements that
are attached to the recon team. During a route recon, the engineer recon team
must know the number, type (track or wheeled), and load classification of
vehicles to be used on the reconned routes. This information will determine
route trafficability and help decide COAs during the recon.

The engineer staff coordinates with the appropriate unit Supply Officer (US
Army) (S4) (from the engineer battalion, brigade, or TF) to ensure that a
feasible CSS plan is in place and that the recon team leader understands
where all of his logistical support will come from. Detailed discussion of CSS
and recon operations is in Chapter 7.

The engineer recon team leader should, as a minimum, have the following
materials on hand and available to his soldiers:

• Operational graphics.

• R&S graphics.

• The SITEMP, event template, and notes on the current enemy
situation.

• The fire-support overlay.

• CSS plan (resupply, casualty evacuation, maintenance, and recovery)
and CSS graphics. 

• Communications plan.

• Compromise procedures.

• Disengagement criteria.

• Linkup plan.

• Contingency plan for NAI coverage.

Once in the vicinity of these recon objectives, the recon team confirms or
denies the templated information. The team—

• Looks for engineer-specific information about the obstacle, such as the
obstacle’s composition and any bypasses around it.

• Considers limited obstacle reduction. 

• Conducts an analysis of the terrain and soil composition to determine
whether mine-clearing blades or mine-clearing line charges
(MICLICs) will be successful. 

• Recommends the location for obstacle reduction.
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The information obtained by the engineer recon team must be relayed to the
TOC quickly to allow the S2, the S3, and the engineer staff to analyze the
information and ensure rapid dissemination to all units. The engineer staff
should ensure that it has a system in place to track all incoming OBSTINTEL
and the method of dissemination as well as a system to display confirmed
OBSTINTEL graphically as opposed to templated obstacles.
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Chapter 3

Tactical Reconnaissance 

Engineers are active participants in recon operations that provide both
maneuver and engineer commanders with information about the terrain,
enemy engineer activity, obstacles, and weather effects within an AO. A
tactical recon normally takes place in a high-threat environment. During a
recon, engineers may assist maneuver units or scouts in reconning the
terrain to determine its effect on maneuverability and the enemy
situation. When the enemy is located, the engineers help determine his
strengths and weaknesses with a focus on enemy engineer activities and
obstacles. A recon team provides the information necessary to allow
combined-arms forces to maneuver against the enemy, attack him where
he is most vulnerable, and apply overwhelming firepower to destroy him.
An engineer recon team ensures that the combined-arms forces have the
freedom to maneuver and the knowledge of where they will encounter
enemy obstacles. This chapter provides basic information on recon
operations. Its focus is on providing the engineers the information needed
to allow them to integrate into a maneuver force’s recon effort. Although
this information is most pertinent to tactical recon missions, the methods
discussed should also be used by squads, platoons, and companies when
conducting technical recons. 

PURPOSE AND FUNDAMENTALS

A tactical recon is conducted to gain information forward of friendly lines or to
provide current, accurate information about terrain, resources, obstacles, and
the enemy within a specified AO. This information provides the follow-on
forces with an opportunity to maneuver to their objective rapidly. Engineer
recon teams are involved in three types of tactical recon: route, zone, and area.
During a tactical recon, engineers may also be involved in various technical
recons such as road, tunnel, and bridge recons.

There are six fundamentals common to all successful tactical recon operations.
Every engineer leader should keep these fundamentals in mind when
planning and executing recon missions. 

• Using maximum recon force forward. During a recon, every scout,
every engineer, and every pair of eyes make a difference. Engineer
recon teams must not be kept in the reserve. They must be employed,
executing their portion of recon tasks as soon as possible.

• Orienting on the recon objective. A recon team's scheme of maneuver
is focused toward a specific objective or a set of objectives. An engineer
recon team must know where to look for enemy obstacles and enemy
engineer activity at the objective. The objective may be a terrain
Tactical Reconnaissance 3-1



FM 5-170
feature, a specific area, or an enemy force; it may be designated by an
NAI, a checkpoint, or an objective symbol. A recon team must
maintain its orientation toward the objective until the mission is
complete. The overall objective for an engineer recon team’s mission is
located in the supported commander's  priority  intelligence
requirements (PIR), the R&S plan, and/or the commander's intent
paragraph in the operations order (OPORD). It is critical that all
recon personnel understand the purpose of a recon mission.

• Reporting all information rapidly and accurately. Commanders base
their decisions and plans on the battlefield information that scouts,
engineers, and other recon assets find and report. Information loses
value over time. Scouts and engineers must report all information
exactly as they see it and as fast as possible. They must never assume,
distort, or exaggerate; inaccurate information is dangerous.
Information that an enemy or an obstacle is not in a certain location is
just as important as where the enemy or obstacle is. 

• Retaining freedom of maneuver. All recon elements must be able to
maneuver on the battlefield. If a recon element is fixed by the enemy,
the element must regain its ability to maneuver or it can no longer
accomplish its mission. Recon teams must continually maintain an
awareness of tactical developments. They must employ proper
movement  te ch niques  and  react  to  unexpected s ituat ion s
appropriately. When contact is made, the recon team leader must
develop the situation and retain the initiative and the ability to
continue the mission.

• Gaining and maintaining enemy contact. Recon elements employ
sound tactical movement, target-acquisition methods, and appropriate
actions to make contact with an enemy, undetected, thereby retaining
the initiative and control of the situation. Recon elements use the
terrain and weather to their advantage to avoid detection. Examples
include selecting covered and concealed routes, moving during rain,
avoiding roads and danger areas, and selecting unlikely routes to their
objectives. Once scouts find the enemy, they maintain contact using all
available means (sensors, radar, sound, and visual) until  the
commander orders them to do otherwise or as required by their
specific instructions. 

• Developing the situation rapidly. Whether recon elements detect an
obstacle or the enemy, they must analyze the situation quickly. If they
detect the enemy, the recon elements determine the enemy's size,
composition, and activity and locate the enemy’s flanks. Scouts and
engineers find any obstacles protecting the enemy’s position. The
engineers (with scout assistance) find and mark a bypass, perform an
unopposed obstacle reduction, or conduct a detailed obstacle recon. It
is imperative that any reduction/marking does not jeopardize the
recon effort. It is also important that the engineers gain enough detail
about the obstacle for future breaching operations. This must be done
quickly with minimum guidance from higher headquarters. During a
recon, time is a precious resource; it cannot be wasted if mission
success is to be achieved.
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RECON TECHNIQUES

Recon techniques achieve a balance between the acceptable level of risk and
the security necessary to ensure mission accomplishment. This balance is
often a tradeoff between speed and security. The faster the recon, the more
risk a recon team accepts and the less detailed recon it conducts. A recon team
must use all available resources when conducting its mission. The primary
tools for any engineer recon team are its senses—particularly, sight, hearing,
touch, and smell. Recon equipment supplements and complements these
senses. The following are some examples of how these senses are used during
recon missions:

• Sight. An engineer recon team looks for—

— Evidence of digging activities, including fighting positions and
tank ditches.

— Movement or activity of enemy engineer vehicles.

— Indications of buried mines.

— Emplaced demolition charges on bridges, tunnels, and so forth.

— Obstacle orientation, depth, composition, and width.

— Enemy vehicles and aircraft.

— Helicopter landing zones (LZs).

— Sudden or unusual movement.

— Smoke or dust.

— Engine exhaust fumes.

— Unusual movement of farm or wild animals.

— Activity of the local populace.

— Vehicle tracks.

— Signs or evidence of enemy occupation.

— Recently cut foliage or vegetation.

— Lights, fires, or reflections.

— Muzzle flashes.

• Hearing. An engineer recon team listens for—

— Vehicle sounds indicating construction of survivability positions.

— Exploding demolition charges.

— Running engines.

— Track sounds.

— Voices.

— Metallic sounds, especially sounds indicating wire emplacement.

— Gunfire sounds (by type of weapon).
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— Unusual calm or silence.

— Dismounted movement through brush or woods.

— Helicopter rotors.

• Touch. An engineer recon team feels for the presence of trip wires or
AHDs.

• Smell. An engineer recon team  smells for—

— Cooking food.

— Vehicle exhaust.

— Burning petroleum, oils, and lubricants (POL).

— Decaying food or garbage.

To reduce vulnerability on the battlefield, an engineer recon team rehearses
recon techniques in detail. The knowledge and rehearsal of recon techniques,
combined with an understanding of  a mission's particular METT-T
requirements, allow the recon team leader to mix and choose the methods that
maximize security and mission accomplishment.

This section discusses several recon methods that have proven to be effective
in most situations. They form the foundation for tactical recon. Use common
sense when analyzing a given situation and employing or modifying the
method based on METT-T. 

MOUNTED RECON

Maneuver units frequently employ mounted recons. A fairly detailed recon
can be conducted while maintaining speed and momentum. Normally, a
mounted recon is used when—

• Time is limited.

• Long distances must be traveled.

• A very detailed recon is not required.

• Enemy locations are known.

• Enemy obstacles are known or not expected.

• Enemy contact is not likely.

In addition to speed, a mounted recon offers the advantages of a tactical
vehicle. These advantages depend on the vehicle employed, but they can
include fi repower,  armor protection , increased navigat ional aids,
communication capabilities, and thermal optics. Recon teams must dismount
and recon forward of their vehicles to provide security before moving through
dangerous areas such as open areas, hilltops, curves, wadis, or other blind
spots on the battlefield. Disadvantages include the loss of stealth due to the
vehicle’s visual, noise, and thermal signatures and the loss of some detail
because of restricted vision and impairment of the senses of smell and
hearing. These disadvantages increase the risk to personnel as they conduct a
recon. 
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DISMOUNTED RECON 

A dismounted recon’s primary purpose is to obtain detailed information about
terrain features, obstacles, or enemy forces. Engineer recon teams normally
conduct a dismounted recon. A dismounted recon is conducted when—

• A detailed recon is required.

• Stealth is required.

• Enemy contact is expected or visual contact has been achieved.

• Vehicle movement through an area is restricted by terrain.

• Time is not limited.

• Security is the primary concern.

Recon teams set up short- or long-duration observations posts (OPs).
Dismounted personnel must provide security for each other when moving.
They should work together in pairs when operating dismounted. When only
one person dismounts, he should never move out of supporting distance of the
vehicle. 

As a minimum, a recon team should carry the following when dismounted:

• SOPs, to include templated information on anticipated obstacles.

• Personal weapons.

• Communications equipment.

• Signal operating instructions (SOI) extracts.

• Maps.

• A compass.

• Binoculars (night-vision devices [NVDs], if necessary).

• Seasonal uniform and load-bearing equipment.

• A global positioning system (GPS).

• Radios.

RECON BY FIRE

In a recon by fire, a recon element places direct/indirect fire on positions
where there is a reasonable suspicion of enemy occupation. The goal is to
cause an enemy to disclose his presence by moving or returning fire. Recon
elements conduct a recon by fire when enemy contact is expected and time is
limited or when they cannot maneuver to develop the situation. This method
eliminates any element of surprise the scouts may have had, and it is likely to
give the enemy detailed knowledge of their location. However, it may reduce
the chance of being ambushed within established kill zones. Recon by fire does
not work in all cases. For example, disciplined troops in prepared positions
will not react to the scout's fires. Examples of situations in which a recon by
fire may be employed include—

• The presence of a natural or man-made obstacle.
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• The existence of an obvious kill zone.

• A suspected enemy position that fits the SITEMP.

• Signs of recent activity (tracks, marks, or trash).

• Bunker complexes that may or may not be occupied.

When such evidence exists, the scouts should maneuver to observe from
different directions. When the decision is finally made to conduct a recon by
fire, weapons should be used in the following priority:

• Indirect fire.

• Dismounted machine gun.

• 25-millimeter (mm) chain gun, MK19, and mounted machine gun.

• Tube-launched, optically tracked, wire-guided missile (TOW).

Engineer recon teams do not normally provide a key weapon system during a
recon by fire. They are better employed as an observation asset to the firing
team.

A recon by fire does not mean indiscriminately using direct and indirect fires
at all wood lines and hilltops in the hopes of causing the enemy to react. The
enemy will recognize this for what it is; he will not react to it. This also wastes
valuable ammunition.

Indirect Fire

Scouts can employ recon by indirect fire (see Figure 3-1). This technique
provides them security because they do not disclose their exact position, and
they are all available to observe the effects of fire. 

A recon by indirect fire has disadvantages as well. Indirect fire requires more
coordination and communication than direct fire. Indirect fire is subject to
considerations beyond a recon team’s control such as the supporting unit's
Class V supply status, counterbattery threats, and command approval. Also,
the effects of indirect fire may obscure a scout's vision. 

Direct Fire

Scouts can use their organic weapons to place accurate direct fires on
suspected enemy positions. This technique is likely to provoke a rapid enemy
response, but it reveals the scout's position. Scouts must work together when
employing direct fire. A scout who fires is normally not in the best position to
observe because of obscuration and the necessity to move to a covered and
concealed position after firing. Another scout must observe for an enemy
reaction. The recon leader should also plan on placing indirect fires on
suspected positions for use as suppression if the enemy responds in strength. 

AERIAL RECON 

An aerial recon is not normally available except in division cavalry
organizations or when supporting an armored cavalry regiment. When
available, however, an aerial recon can be employed to complement and
augment a ground recon. An aerial recon, as conducted by air-cavalry
elements, is the fastest form of recon. It is also terrain-independent and thus
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able to access areas that may be difficult or impossible for ground scouts to
reach. 

The advantage gained by employing air-cavalry assets is multifaceted and
flexible enough to accommodate a broad range of ideas and missions. Refer to
FMs 1-114 and 17-95-10 for more complete information.

STEALTH VERSUS AGGRESSIVE RECON 

The recon team will use either aggressive or stealth recon techniques, based
on METT-T. A stealth approach is time-consuming and emphasizes avoiding
contact and engaging the enemy. To be effective, a stealth approach must rely
on a dismounted recon and maximum use of covered and concealed terrain. An
aggressive recon emphasizes the rapid identification of the enemy's combat
power and is characterized by a mounted recon and a recon by fire. 

ROUTE RECON 

Maneuver units or scouts, augmented by engineers, conduct a route recon to
gain detailed information about a specific route and the terrain on both sides
of the route that the enemy could use to influence movement. When the
commander wants to use a specific route, a maneuver unit or scout platoon
with an engineer recon team conducts a route recon. This ensures that the
route is clear of obstacles and enemy forces and that it will support his
vehicles’ movements. Engineers supporting division cavalry squadrons and
armored cavalry regiments will routinely support these units in route recon
missions.

Figure 3-1. Recon by indirect fire
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CRITICAL TASKS

During a route recon, a recon element must accomplish a specified number of
tasks unless directed to do otherwise. Based on time available and the
commander's intent, the recon element may be directed to conduct a route
recon to acquire specific information only. The recon leader must clearly
understand which of the following critical tasks must be accomplished:

• Determining the route’s trafficability. (For further information see
Chapter 5.)

• Reconning to the limit of direct-fire range and terrain that dominates
the route.

• Reconning all built-up areas along the route (includes identifying
bypass routes, construction supplies and equipment, ambush sites,
evidence of booby traps, and suitable sites for C2/CSS facilities).

• Reconning all lateral routes to the limit of direct-fire range.

• Inspecting and classifying all bridges on the route.

• Locating fords or crossing sites near all bridges on the route (includes
determining fordabilty and locating nearby bypasses that can support
combat and CSS units, marking bridge classifications and bypass
routes, and being prepared to provide guides to the bypasses).

• Inspecting and classifying all overpasses, underpasses, and culverts.

• Reconning all defiles along the route.

• Locating obstacles along the route. (Cavalry units may be required to
clear routes of obstacles. See FM 17-95.)

• Locating bypasses around built-up areas, obstacles, and contaminated
areas.

• Reporting route information.

• Finding and reporting all enemy forces that can influence movement
along the route.

TECHNIQUES

Because of the number of critical tasks that must be accomplished, a scout
platoon with an engineer recon team can conduct a detailed recon of only one
route. A scout platoon may be able to handle two routes if the recon is limited
to trafficability only. The following discussion outlines one technique of
accomplishing all tasks as rapidly and securely as possible.

The scout platoon leader receives an order specifying the route the platoon
must recon and defining the route from start point (SP) to release point (RP).
Additionally, the order may specify platoon boundaries, phase lines (PLs),
lines of departure (LDs), and a limit of advance (LOA) or recon objective.
These control measures specify how much terrain on both sides of a route that
the platoon must recon and where the operation must begin and end. The
boundaries are drawn on both sides. They include the terrain that dominates
the route, usually extending out 2.5 to 3 kilometers. This ensures that the
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scouts recon all terrain that the enemy could use to influence movement along
the route. An LD is drawn from one boundary to the other behind the SP. This
allows the platoon to cross the LD and be fully deployed before reaching the
route. An LOA or objective is placed beyond the RP on the last terrain feature
dominating the route or out to about 3 kilometers (see Figure 3-2, page 3-10). 

The recon platoon leader may add additional PLs, contact points, and
checkpoints to the graphics he receives from his commander. PLs are used to
help control the platoon’s maneuver. The contact points ensure that the teams
maintain contact at particular critical points. Checkpoints are used along a
route or on specific terrain to control movement or to designate areas that
must be reconned. The engineer recon team leader should obtain this
information during the scout platoon OPORD briefing.

The recon platoon leader will also coordinate with the FSO and plan artillery
targets on known or suspected enemy positions and on dominant terrain
throughout the AO. The engineer recon team leader must ensure that this
information is included on his overlay. 

The recon platoon leader evaluates the METT-T factors and organizes his
platoon with an engineer recon team to meet mission needs. He ensures that
at least one team is responsible for reconning a route. A three-team
organization is usually the type best suited to recon a route. Team A recons
the terrain left of the route, Team B covers the terrain right of the route, and
Team C and the engineer recon team recon the route and controls the
movement of the other two teams. In this organization, the platoon leader's
team has specific responsibility to clear the route (see Figure 3-3, page 3-11).
The engineer recon team’s tasks will likely include a technical recon of the
route (including bridge load classification and possible locations for employing
SCATMINEs).

EXAMPLE OF A ROUTE RECON 

The following example of a route recon is for a cavalry scout platoon with an
engineer platoon attached.

When the scout platoon (with an engineer platoon) conducts a route recon, it often
deploys in a V formation because of the mission’s focused nature. Team A is
positioned to the left of the route, Team B to the right, and Team C (with an engineer
platoon) in the center of the zone along Route Saber. The platoon should deploy into
the formation before reaching LD Patton so that it crosses the LD at the specified time.
The platoon leader reports crossing the LD when the first element crosses it (see
Figure 3-4, page 3-12).
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Figure 3-2. Control measures
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Figure 3-3. Conducting a route recon
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Figure 3-4. Route recon
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The scout platoon leader is responsible for movement through the zone. He uses
checkpoints to control the movement and to focus on obstacles, key terrain, or
features that may influence movement along the route. The engineers focus on
obstacles that must be located and cleared. Their efforts must focus on specific PIR to
ensure that the recon occurs in a timely manner. 

Team C should be positioned along the route so that it can observe the route, and one
element of the team must physically drive the entire route. Unless the sector is very
small or very open, the platoon will move as individual teams. As the sections move to
the checkpoints, they maneuver in a zigzag pattern to clear the sector and accomplish
all critical tasks of a route recon. The lead teams on the flanks must observe the route
and report any restrictions or obstacles that may restrict movement along the route.
Visually clearing the route before Team C travels along it provides for better security
and allows Team C to concentrate on the critical recon tasks. As the teams maneuver
toward the checkpoints, they maintain visual contact with the route (see Figure 3-5,
page 3-14).

After both lead teams report "Set" and are in overwatch positions, Team C begins the
route recon (see Figure 3-6, page 3-15). As the platoon leader moves along the route,
his wingman maneuvers to provide overwatch for the platoon leader and the engineer
platoon. As the engineer platoon leader travels along Route Saber, he is normally
required to send a route classification of the trafficability at intervals designated by the
commander. A route report may be required only if there is a significant or unexpected
change in the route's makeup.

As Team C clears the route, the other teams move ahead, clearing and reconning
critical and dominant terrain. The platoon leader controls and coordinates the teams’
movements. He must ensure that the flank teams remain far enough forward of Team
C to provide security. The flank teams are also assigned responsibility for covering
lateral routes. Team A executes a lateral route and uses contact point B to tie with
Team C on Route Saber (see Figure 3-7, page 3-16).

The platoon order must address actions on the approach to the stream. In this case,
the two flank teams have been given the task of locating bypasses in the form of fords
or unmapped bridges. Team B is successful in locating a ford; Team A is not. The
engineer platoon sends one squad to checkpoint 5, links up with Team B, and
conducts a ford recon. Team B focuses on the steps used for obstacle and restriction
recon and continues its mission (see Figure 3-8, page 3-17). 

The engineer squad moves back to contact point B and links up with Team C and the
rest of the engineer platoon. Team C continues its route recon along the route until it
approaches the bridge site. It then executes a bridge recon to establish the bridge’s
trafficability. Team A occupies an overwatch position while Team C and the engineer
platoon recon the bridge. Team B continues its recon one terrain feature beyond the
stream and then occupies a short-duration OP (see Figure 3-9, page 3-18).

Team C and the engineer platoon complete their bridge recon and establish local
security on the approaches to the bridge’s far side. The engineer platoon moves to
checkpoint 6 and observes the bridge during the crossing. Once completed, Team A
passes across the bridge and through Team C, continuing its recon to clear dominant
terrain on the route’s left flank (see Figure 3-10, page 3-19). Once Team A is set, the
platoon resumes its route recon to the LOA (see Figure 3-11, page 3-20).  
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Figure 3-5. Route recon (continued)
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Figure 3-6. Team C begins route recon
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Figure 3-7. Team A executes lateral route
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Figure 3-8. Team B (with engineers) conducts ford recon
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Figure 3-9. Team C (with engineers) conducts bridge recon

LOA
(PL CHARLIE)

PL MARSHALL

PL BRADLEY

LD
(PL PATTON)

STREAM

ROUTE
SABER

RP

SP

3
8

5

6

7

4

2

B

B41

TEAM C

TEAM A

TEAM B
3-18 Tactical Reconnaissance



FM 5-170
Figure 3-10. Team A crosses the bridge
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Figure 3-11. Team C moves to recon LOA
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ZONE RECON 

Maneuver units and scouts, with the assistance of engineers, conduct zone
recon missions to gain detailed information about routes, terrain, resources,
and enemy forces within a zone defined by lateral boundaries. Commanders
normally assign a zone recon mission when they need information before
sending their main-body forces through the zone. The recon produces
information about the enemy situation and about routes and cross-country
trafficability within the zone. Engineers play a primary role in obtaining route
and cross-country trafficability information. This is the most thorough and
complete recon mission; therefore, it is very time intensive. It is common for
scouts executing a zone recon with engineer assistance to advance at only 1.5
kilometers per hour.

CRITICAL TASKS

During a zone recon, a recon element must accomplish a specified number of
tasks unless directed to do otherwise. The recon leader must clearly
understand which of the following critical tasks must be accomplished:

• Reconning key terrain in the zone.

• Inspecting and classifying all key bridges within the zone.

• Locating suitable fording or crossing sites near all bridges within the
zone.

• Inspecting and classifying all overpasses, underpasses, and culverts.

• Locating obstacles in the zone; determining how to reduce obstacles
(assets and time) when needed. (Cavalry units may be required to
clear the zone of obstacles. See FM 17-95.)

• Locating bypasses around built-up areas, obstacles, and contaminated
areas.

• Reporting enemy forces in the zone.

• Reporting recon information.

TECHNIQUES

A zone recon is a very time-consuming operation. Unless the orders specify
otherwise, all critical tasks listed above are implied in the zone recon mission
statement. Commanders who want a faster tempo of operations need to
modify the mission statement and ensure that the recon element knows what
its primary recon tasks are. For example, the TF commander may have critical
bridges that need classification to ensure that the main body can move with
freedom. However, he may have two other bridges within the zone that will
not be used by the TF and do not need to be classified.

Mounted maneuver units and TF scouts with engineers can effectively recon a
zone that is 3 to 5 kilometers wide. The zone’s width is determined by the road
network, terrain features, anticipated enemy activity, and time available to
accomplish the mission. If the zone is wider than 3 to 5 kilometers, the recon
element quickly loses the capability to accomplish the critical tasks and move
securely.
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When a recon leader receives a zone recon mission, the order will define the
zone by lateral boundaries, an LD, and an LOA or objective. The parent unit
may include additional PLs or other graphic control measures within the zone
to help control the maneuver of the units. 

The recon leader analyzes the mission to  determine what must be
accomplished. He analyzes any information about the enemy during the IPB
to determine what enemy activity he should expect to encounter. The engineer
commander should work with the recon leader, the S2, and the S3 to ensure
that engineer recon tasks are identified and that enough engineers are
attached to the recon element to accomplish the mission. The engineer
commander will help analyze the terrain by—

• Assisting the S2 in map recon.

• Examining aerial photographs.

• Using an automated terrain-visualization tool.

Depending on the type of recon element, the experience of the attached
engineer recon team, and METT-T considerations, the element can conduct
the zone recon using a two-, three-, or four-team organization. The recon
element must deploy to cover the entire zone. It usually operates in a zone it
knows very little about, so the COA must allow for flexibility, responsiveness,
and security as it moves. The recon leader deploys the scout teams on line
across the LD. He uses PLs, checkpoints, contact points, or TIRS points to
ensure that the element recons the entire zone and that teams maintain
contact with each other. He ensures that scout teams remain generally on line,
which prevents significant gaps that a moving enemy could exploit. Scouts
and engineers dismount as necessary to gather detailed information, clear
danger areas, or move through areas that are not accessible to the vehicles.
The element continues to recon the zone until it reaches the LOA or the final
recon objective.

EXAMPLE OF A ZONE RECON 

The following example of a zone recon is for a battalion scout platoon
augmented with an engineer recon team.

Although strict formations are not generally used by scout platoons forward of the
forward edge of the battle area (FEBA), the platoon leader in this example starts out
with his platoon on line. He will attempt to generally maintain this relationship even
though the teams are not mutually supporting much of the time. The platoon should
deploy into formation before crossing the LD. In this example, Team A is on the left,
Team B is on the right, and Team C is in the center of the zone (see Figure 3-12).

The platoon crosses the LD at the time prescribed in the commander's OPORD, using
the bounding-overwatch technique of movement within the teams. In this mission, the
platoon leader has chosen to position himself and the engineers with Team A because
of the importance of the route and bridge in Team A's AO. The teams maneuver
through the zone in a zigzag pattern to ensure that the zone is properly reconned and
to accomplish all critical tasks of a zone recon. Security is provided within teams
because the zone’s width and terrain prevent the teams from providing mutual support
(see Figure 3-13, page 3-24).
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Figure 3-12. Scouts and engineers cross the LD
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Figure 3-13. Zone recon
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Depending on METT-T factors, the platoon leader chooses the movement technique
best suited for C2. He may choose to have the teams clear and set at all checkpoints,
or he may have them bound through the checkpoints, report clear, and then set at the
PLs. If the platoon leader has not assigned teams a particular checkpoint to orient on,
the team leaders must plan their own measures to control the movement. They move
team elements to contact points to ensure that the move is tied in with that of the other
teams. The platoon leader does not allow any element to cross PL Dick until all
elements have reported set (see Figure 3-14, page 3-26). 

When the platoon is set on PL Dick, the leader gives the teams permission to execute
PL Dick and move to PL Sally. The teams immediately begin reconning the stream to
their front. Team A and the engineer recon team must execute a bridge recon and
recon the stream for possible unmarked fords. They must conduct a ford recon at the
known ford in zone.

Once Team C completes its recon of the stream and reports negative results, it moves
to the vicinity of contact point 2 and awaits permission to cross the stream at Team B's
ford. Team C is also prepared to cross at Team A's bridge, if necessary (see Figure
3-15, page 3-27).

As Team A (with an engineer recon team) and Team B complete their recon tasks at
the bridge and ford, they revert to the bounding-overwatch movement technique and
continue to recon. Team C moves across the team boundary and prepares to cross
the stream at the ford (see Figure 3-16, page 3-28).

The zone recon continues with Teams A and B clearing checkpoints D and F,
respectively. The platoon leader holds the teams at those control measures to allow
time for Team C to clear checkpoint B and get on line with the other teams at
checkpoint E. This prevents dangerous gaps from developing between the teams (see
Figure 3-17, page 3-29).

Once Team C sets at checkpoint E, the platoon leader has all elements on line and set
along PL Sally. Teams A and C ensure that they make contact at contact point 3. The
platoon leader gives permission for all elements to execute PL Sally and move to and
set at PL Run (see Figure 3-18, page 3-30).

As the teams move across PL Sally, Teams B and C make contact at contact point 4.
The platoon uses the bounding-overwatch technique within each team. The teams
continue the zone recon in this manner, accomplishing all critical tasks and reporting
all control measures and other recon information, until they reach the LOA or recon
objective (see Figure 3-19, page 3-31).
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Figure 3-14. Teams set at PL Dick
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Figure 3-15. Team C completes recon
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Figure 3-16. Teams A and B complete recon
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Figure 3-17. Teams A and B are halted
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Figure 3-18. Begin movement to PL Run

G
H

4

LOA
(PL RUN)

PL SALLY

PL DICK

LD
(PL SPOT)

3
C

D

E

B

F

J

2

I1

STREAM
A

A

B

C

C
FORD

Teams set along PL Sally; contact made at contact point 3.
3-30 Tactical Reconnaissance



FM 5-170
Figure 3-19. Zone recon complete
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AREA RECON

Before moving forces into or near a specified area, commanders may call on
their scouts or other recon element to conduct an area recon to avoid being
surprised by unsuitable terrain conditions or unexpected enemy forces. The
area could be a town, a ridgeline, woods, or other features that friendly forces
intend to occupy or pass through. Area recon is frequently required for
objective areas to confirm the IPB templates and provide detailed information
regarding enemy dispositions. In addition, area recon within a zone of
operation can be used to focus the scouts on the specific area that is critical to
the commander. This technique of focusing the recon also permits the recon to
be accomplished more quickly. Therefore, an area recon can be a stand-alone
mission or a task to a team or platoon within the larger context of a platoon or
troop recon mission. 

CRITICAL TASKS

During an area recon, a recon element must accomplish a specified number of
tasks unless directed to do otherwise. The recon leader must clearly
understand which of the following critical tasks must be accomplished:

• Reconning all terrain within the area.

• Inspecting and classifying all bridges within the area.

• Locating suitable fording or crossing sites near all bridges within the
area.

• Inspecting and classifying all overpasses, underpasses, and culverts.

• Locating obstacles in the area.

• Locating bypasses around built-up areas, obstacles, and contaminated
areas.

• Finding and reporting all enemy forces within the area. (Cavalry units
may be required to clear the area of obstacles. See FM 17-95.)

TECHNIQUES

The order to conduct an area recon mission identifies the area to be reconned
within a continuous boundary. A recon leader completes his troop-leading
procedures using METT-T. He also plans the movement to and, if necessary,
from the area, following the basic rule of using different routes in and out of
the area. The routes are specified for the recon element when it works as part
of a larger unit such as a cavalry troop. The element's primary concern during
movement to the area is security rather than recon. During movement to the
area, it may be appropriate (depending on the commander's intent) for the
recon element to avoid contact.

The recon leader encloses the given area within a zone; he uses boundaries, an
LD, and an LOA. The recon leader can divide the area further by placing
boundaries on identifiable terrain. This ensures that each team is responsible
for specific terrain areas. The recon leader may also choose to orient and focus
teams on checkpoints for both movement and recon. PLs may also be used to
help control movement to the area. The recon leader places contact points at
the intersections of PLs and boundaries and any other places he wants
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physical contact and coordination between his teams. He uses TIRs as
necessary. He works with the FSO to plan indirect fires to support the
element's scheme of maneuver.

The recon leader deploys his teams abreast across the LD to accomplish their
recon tasks. Formations are often not appropriate to this mission because of
the  irregular  shape o f  the area and the wide variety  o f  METT-T
considerations. 

EXAMPLE OF AN AREA RECON 

The following example of an area recon is for a battalion scout platoon
augmented by an engineer recon team.

The battalion scout platoon has been given the mission of performing an area recon of
Objectives Lead and Iron. The platoon has not been assigned a specific route, and
enemy dispositions are vague.

The platoon leader analyzes the terrain and his mission requirements and decides to
use a four-team organization. He assigns Teams A, B, and C checkpoints on Objective
Iron. Because of Objective Lead's smaller size, he assigns only Team D to recon it.
The platoon leader decides that he and the engineer recon team will move with Team
C to provide close control of the recon of Objective Iron. The platoon sergeant (PSG)
will move with Team D and observe the recon of Objective Lead. The platoon leader
decides to move the platoon using checkpoints that make maximum use of cover and
concealment between the LD and the objectives (see Figure 3-20, page 3-34).

Using the four-team organization, the platoon crosses PL Bob at the time specified in
the commander's OPORD. The platoon crosses in sequence, with the two lead teams
executing and the following teams waiting until initial checkpoints are cleared before
proceeding. No platoon formation is used. The lead teams, which have the longest
distance to move to their recon objectives, use the bounding-overwatch technique to
ensure maximum security (see Figure 3-21, page 3-35).

As the lead teams execute checkpoints C and H, the trail teams cross the LD. The
movement technique is bounding overwatch within teams (see Figure 3-22, page
3-36).

The scout teams continue their move to the designated dismount points. Team D
occupies its dismount point, checkpoint L. The team sets its vehicles in hide positions,
organizes a patrol, and deploys local security (see Figure 3-23, page 3-37).

Team D's patrol moves on covered and concealed dismounted routes to Objective
Lead and conducts a dismounted recon. The patrol uses the fan dismounted recon
technique to thoroughly recon the objective. Teams A and B occupy their dismount
points (checkpoints A and D, respectively). Team C continues to move (see Figure
3-24, page 3-38).

Team D's patrol completes its recon of Objective Lead. The team submits its report
and establishes an OP in the vicinity of checkpoint J from which it can observe the
objective area. Teams A and B dispatch their patrols to conduct dismounted recon on
Objective Iron. The platoon leader has designated the checkpoints on the objective to
focus the team's patrol. Teams A and B recon checkpoints G and F, respectively. Team
C occupies its dismount point in the vicinity of checkpoint K (see Figure 3-25, page
3-39).
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Figure 3-20. Area recon
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Figure 3-21. Teams A and B cross LD
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Figure 3-22. Trail teams cross LD
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Figure 3-23. Team D deploys local security
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Figure 3-24. Team C continues to move
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Figure 3-25. Team C occupies dismount point dismounted
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Teams A and B complete their recon of Objective Iron; they establish OPs from which
they can observe into the objective and monitor any changes in the enemy situation.
They also submit detailed reports on enemy dispositions through the platoon leader to
their commander. Team C and the engineer recon team execute a dismounted patrol
of checkpoint E, its portion of Objective Iron (see Figure 3-26).

Figure 3-26. Team C and engineers execute patrol of checkpoint E
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Team C and the engineer recon team complete their dismounted recon of checkpoint
E. All teams observe the objective area and send updated spot reports as necessary.
The platoon continues to observe the objective until relieved or assigned subsequent
tasks by its higher headquarters (see Figure 3-27).

Figure 3-27. Area recon complete
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Chapter 4

Engineer Recon Team and Obstacle Reconnaissance

As discussed in Chapter 1, engineer recon elements may be a team-, a
squad-, a platoon-, or another-sized element. Regardless of the size, highly
trained personnel are required for obstacle recon operations conducted
forward of friendly lines and having extremely limited security and
evacuation assets available. Engineer training must be focused on
accomplishing the specific obstacle recon mission.

The current engineer force structure does not provide for personnel (other
than a recon noncommissioned officer [NCO] in the S2 section) or
equipment dedicated to recon efforts. However, experience has shown that
engineer units that have dedicated personnel, equipment, and planning
time to the recon effort have achieved great success. Successful
employment of engineers in a recon role is a result of effective SOPs and
highly trained staffs and recon teams. This chapter provides leaders with
the key factors required for the formation of engineer recon teams as well
as the C2 necessary when using engineer scouts.

PERSONNEL AND EQUIPMENT

Because an engineer battalion has limited assets to draw from, the formation
of engineer recon teams can subsequently degrade the capabilities of the
organization from which they are drawn. The battalion commander must
understand the trade-offs between using engineer assets in a recon role versus
using them in a maneuver-support role.

TRAINING

Regardless of where the personnel come from to create the engineer recon
teams, units will have to dedicate a large amount of training time toward
developing an effective recon team. This training includes—

• Understanding how to apply the fundamentals of recon operations
(see Chapter 3).

• Operating with brigade assets and the TF scouts in a habitual
relationship to develop the trust and familiarity necessary to succeed
on the battlefield. 

• Reporting, calling for fires, first aid, land navigation, demolitions,
minefield indicators, foreign-mine recognition, dismounted-movement
techniques, vehicle and equipment maintenance, heliborne insertion,
resupply, extraction, and relay and retrans procedures.

• Noise, light, and litter discipline and the using NVDs and camouflage.

• Rigorous physical training to meet mission requirements.
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If the battalion leaders want to develop OBSTINTEL by using engineer
scouts, adequate resources must be provided to ensure success.

EQUIPMENT

As with personnel, a decision must be made as to what equipment (vehicles,
communications equipment, and weapon systems) the engineer recon teams
will use. 

Vehicles

The most common recon vehicles used are the HMMWV or the M113A3 APC.
Both vehicles have distinct advantages and disadvantages and can be used
effectively by trained recon teams. The choice of vehicles must best support
the teams in the environment for which they are expected to operate.
Advantages of the HMMWV are that it is much more stealthy, is less
maintenance intensive, and can travel in more restricted terrain than the
M113A3. However, the M113A3 can carry more personnel and equipment
(such as marking materials and mine detectors) and is more survivable. Both
vehicles can mount a weapon system such as the MK19 or the M2 machine
gun. Another option available to engineer scouts is to ride in the back of a
vehicle from the supported unit. This limits the engineer recon team’s
flexibility and control over what recons it can conduct.

Communications Equipment

The radio configuration in a recon team’s vehicle depends on the availability of
radio equipment and the radio nets the recon team will operate/monitor. The
recon team should have a minimum of two radios in the vehicles; each vehicle
should have the necessary equipment to act as a retrans vehicle to further
extend the range of the dismounted element’s radio system. In addition to the
vehicle-mounted radio systems, each recon team should be resourced with one
manpack radio specifically designated for use by the dismounted element.
Since a large amount of data is passed when reporting OBSTINTEL, an effort
should be made to establish connectivity to recon teams through the use of
mobile subscriber equipment (MSE) or the Enhanced Position Location
Reporting System (EPLRS) (as the system is fielded).

Weapon Systems

The M2 and the MK19 machine guns are available for mounting on an
M113A3. The M2 provides greater range and rate of fire while the MK19 is an
area-fire weapon and may produce better effects on targets. Each recon team
should also have at least one M203 and one squad automatic weapon (SAW) or
M60 (as well as antiarmor weapons) available to it.

Additional Equipment

Each recon team should be supplied with night-vision capability, a GPS, a
hand-held laser range finder, and a digital camera.

ENGINEER RECON TEAM

An engineer recon team is the base engineer recon element. The team
normally recons one NAI or multiple NAIs within the same vicinity on the
battlefield. The battalion may employ more than one recon team if multiple
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NAIs need to be observed in dispersed locations. In most instances, the recon
team will conduct its recon dismounted. However, the team may arrive in the
vicinity of the recon objective in many ways, including dismounted or by air or
ground transportation. If the team travels dismounted or is air-inserted, it
should consist of at least three personnel. If the team uses an organic vehicle
to arrive in the vicinity of its recon objective, it should consist of at least five
personnel—three with the dismounted element and two with the team’s
vehicle as the mounted element.

DISMOUNTED ELEMENT

A dismounted element consists of three or more personnel and is commanded
by a recon team leader. The dismounted element’s mission is to locate and
report all necessary information required by the supported commander
according to the R&S plan. This information can be transmitted directly to the
supported unit’s headquarters on the appropriate net (according to the SOP or
the R&S order) or relayed through the mounted element.

MOUNTED ELEMENT

A mounted element consists of at least two personnel per vehicle—the vehicle
operator and an assistant recon team leader. The mounted element’s mission
is to maintain communication with both the dismounted element and the
supported unit. The mounted element is responsible for relaying any
intelligence collected by the dismounted element to the appropriate C2 node
and ensures that the team’s vehicle is not discovered by the enemy. (All
OBSTINTEL collected by a recon team is sent to the engineer battalion, if
possible. A mobile subscriber radio telephone (MSRT) is normally the best
method.) The mounted element’s secondary mission is to be prepared to go
forward and conduct the recon if the dismounted element is unsuccessful.

OBSTACLE AND RESTRICTION RECON 

One of the high-frequency tasks associated with recon missions is locating and
reconning obstacles and restrictions that may affect the trafficability along a
route or an axis. The purpose of this recon is to determine how best to
overcome the effects of the obstacle: reduction or bypass. Tasks associated
with this recon may be to estimate the reduction assets necessary to reduce
the obstacle, to mark the best location to reduce, or to bypass the obstacle. If
the obstacle is to be bypassed, the recon team should be prepared to provide
guides. Obstacles and restrictions are either existing or reinforcing. Doctrine
associated with the former Soviet Union emphasizes the use of man-made
obstacles to reinforce natural obstacles and restrictions to slow, impede, and
canalize friendly forces. These obstacles and restrictions include the following:

• Minefields.

• Bridges.

• Log obstacles.

• AT ditches.

• Wire entanglements.

• Defiles.
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• Persistent agent contamination.

Although engineer recon teams have the capability to clear or reduce small
obstacles that are not covered by fire or observation, an engineer recon team’s
primary task is reconning tactical and protective obstacles. The recon should
include supporting enemy positions and possible reduction sites. Another
important task is locating and marking bypasses around obstacles and
restrictions. 

Detection

During recon operations, engineers must help locate and evaluate obstacles
and man-made and natural restrictions to support the supported unit’s
movement. Detecting obstacles and restrictions begins at the operation’s
planning phase when the S2 and the engineer conduct the IPB. The scouts
combine the S2's work with the recon conducted during the troop-leading
process (normally a map recon only) to identify all possible obstacles and
restrictions within their AO. A recon team plans its recon based on the orders
it receives, the IPB, and its own map recon.

While assisting in a recon mission, engineers will use visual and physical
means to detect mines and obstacles. They visually inspect terrain for signs of
emplaced minefields and other reinforcing obstacles. They must be alert to
dangerous battlefield debris such as bomblets from cluster-bomb units (CBUs)
or dual-purpose, improved conventional munitions (DPICM) and other
unexploded ordnances (UXOs). Minefields and other obstacles can be difficult
to detect while mounted. Most obstacle detection occurs dismounted. The
engineer may dismount long distances from a suspected obstacle before
conducting a recon. Engineer recon teams must carefully choose their
dismount point. Dismount points should be covered and concealed locations
out of direct-fire range of suspected enemy locations. Characteristics of
dismount points are that they—

• Afford cover and concealment.

• Are easy to defend for a short period of time.

• Are away from natural traffic flow.

• Are easy to locate.

• Are within close proximity to the objective to ease C2.

• Are out of sight, sound, and direct-fire range of the objective.

The engineer recon team should look for disturbed earth, unusual or out-of-
place features, surface-laid mines, tilt rods, and trip wires. Maneuver units
and scouts may assist in detecting mines by using the thermal sights in their
vehicles. Recon elements should conduct additional visual inspections to
ensure that the true extent of the obstacle is known. 

Area Security and Recon

Enemy forces will cover their obstacles with observation and fire. When scouts
and engineer recon teams encounter an obstacle, they must assume the enemy
can observe and engage them. The scout or engineer recon team that detects
the obstacle establishes overwatch before it proceeds with the recon. The
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overwatching element looks for signs of enemy forces in and around the
obstacle. The element visually searches the dominant terrain on the obstacle’s
far side for evidence of enemy positions or ambushes. Once it confirms the
enemy situation from the near side, the engineers and scouts (not in
overwatch) move mounted or dismounted to find bypasses around the obstacle
and to establish OPs on the far side to provide 360-degree security of the
obstacle. If the scouts and engineers are unable to find a bypass, they conduct
their recon from the near side under the security of the overwatch elements.

Obstacle Recon

Once security is established, scouts and engineers move dismounted to the
obstacle using great caution. Trip wires and other wire may indicate that the
enemy is using booby traps or command-detonated mines to prevent friendly
forces from determining the—

• Obstacle’s location and orientation.

• Types of mines in the minefield or the type of obstacle.

• Obstacle’s length and width.

• Existence of enemy coverage, including enemy strength, equipment,
and fire support.

• Equipment necessary to reduce the obstacle. 

The engineer recon team reconning the obstacle prepares an obstacle report
with this information and forwards the report through the established
channels to the supported unit’s TOC.

COA Selection

After collecting the facts, the scout platoon/engineer recon team leader
analyzes the situation and the METT-T factors to select a COA. There are four
COAs: bypass, obstacle reduction, support of a deliberate breach, or
continuing the mission.

Bypass

A bypass is the preferred method when it offers a quick, an easy, and a
tactically sound means of avoiding the obstacle. A good bypass must allow an
entire force to avoid the primary obstacle without risking further exposure to
enemy fires and without diverting the force from its objective. Bypassing
conserves reduction assets and maintains the supported unit’s momentum. If
a recon team locates a bypass and the commander approves its use, the scouts
and engineers must mark it according to the supported unit’s tactical SOP
(TACSOP) and report it to their commander. At a minimum, this report should
include the grid location to the far recognition marker and information on how
the obstacle is marked even if it is just to confirm that the bypass is marked
according to the TACSOP. If the recon team is tasked to mark a bypass, the
team must emplace markers so they are not visible to the defending enemy.
Engineers and scouts may be required to provide guides for the main body,
especially if the bypass is difficult to locate or visibility conditions are poor. 

Bypassing is not always possible, and breaching may be the best, or only,
solution (such as in the following situations):
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• The obstacle is integrated into a prepared defensive position, and the
only available bypass moves friendly forces into the fire sack or
ambush.

• The recon mission specifically tasks the recon team to clear the
original route for follow-on forces.

• The best available bypass route will not allow follow-on forces to
maintain their desired rate of movement, or it diverts the force from
the objective.

• Improvements to the bypass may require more time and assets than
breaching the primary obstacles.

Obstacle Reduction

Reducing an obstacle significantly degrades a recon team’s ability to maintain
the momentum of either the recon or the follow-on forces. Obstacles within the
scout and engineer's ability to reduce include small minefields, simple wire
obstacles, small roadblocks, and other similar obstacles. The supported
commander should make the decision to have the recon team reduce an
obstacle. The commander must consider the risk to the recon team and the
potential for prematurely identifying the force’s route. Obstacle reduction
should not be attempted if the obstacle is part of an integrated defensive
position.

Support of a Breaching Operation

When a large obstacle is located and cannot be easily bypassed, the
alternative is to support a breaching operation. Scouts and engineers perform
additional recon tasks in support of the breaching operation. These tasks
include determining the assets and time needed to reduce the obstacle and the
location of the best reduction sites. Scout and engineer recon effort focuses on
the following:

• Trafficable routes to the reduction site and routes from the far side
leading to the objective.

• Proposed locations for positioning the support force.

• Dispersed, covered, and concealed areas near the reduction site.

• The best locations at the obstacle for reduction effort. It is imperative
that the reduction plan be sent to the recon teams once the scheme of
maneuver is finalized. Information such as the number of lanes
required and the distance between lanes will be needed for the recon
forces to conduct the necessary recon.

• Positions on both sides of the obstacle that could provide enemy
observation of the reduction site.

• Trafficability and soil conditions near the reduction site. This is
especially important for minefield reduction because mine-clearing
blades (MCBs) will not work properly in all soil conditions. This is also
important information in support of river crossings. (See FM 90-13 for
further details.)

• Soil type (loam, rocky, sandy, and so forth).
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• The width, depth, and bottom conditions of wet and dry gaps and
fords.

• The bank’s height and slope and soil stability of wet and dry gaps.

• The water velocity and direction of flow of wet gaps and fords.

• The wind direction for using smoke to obscure the enemy’s vision.

• The location of the forward edge of minefields to support MICLIC and
MCB use.

This information can be obtained much easier if an engineer works closely
with the other recon elements, especially the TF scouts. An engineer recon
team must provide timely and valuable advice when large obstacles are
encountered during a mission. The information is used by all elements of the
breaching operation to finalize the suppression, obscuration, security, and
reduction (SOSR) plans for the breaching operation. The scouts help maintain
security and may call for and adjust indirect fires, as necessary, in support of
the breaching operation. 

COA Recommendation/Execution

Once the scouts and engineer recon teams have determined the best COA for a
situation, they execute it or recommend it to higher headquarters for
approval. Generally, the recon team will execute a particular COA without
specific approval if it is addressed in the OPORD received from higher
headquarters or in the unit’s SOP. If the situation discovered is not covered by
previous guidance, the recon team determines the best COA and recommends
it to the commander before execution.

Examples of Obstacles/Restrictions

The following examples illustrate the recon of obstacles and restrictions in two
tactical situations. They are organized using the five-step process (detection,
area security and recon,  obstacle recon, COA selection, and COA
recommendation/execution).

Example 1: Reconning a Restriction (Not Covered by Fire or Observation)

Detection.  The recon team detects a bridge when a dismounted element observes it
from an overwatch position (see Figure 4-1, page 4-8). The bridge was expected
because it was also identified during the recon element's map recon. The dismounted
element confirms that the bridge is there and is intact.

Area Security and Recon.  The dismounted scouts and engineers bring their vehicles
into covered and concealed overwatch positions; the scouts establish near-side
security of the bridge. A dismounted patrol with engineers is organized and conducts
recon up to the bridge while overwatched by the vehicles (see Figure 4-2, page 4-9).
The dismounted element recons for both mounted and dismounted bypasses. It must
determine quickly if it is possible to bypass the bridge by using a ford in the local area.
The recon leader monitors the situation and may direct other elements to assume the
mission of locating other bridges or fords to serve as bypasses, as necessary. 

If the water obstacle can be forded, the dismounted scouts use the ford to move to the
far side. On the far side, they recon the terrain that dominates the bridge. Far-side
security is established on terrain where they can observe enemy approach routes to
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the bridge. Once the far side is secure, the scouts/engineers can recon the bridge
itself. 

If the water obstacle cannot be easily forded in the local area, the recon team may
have to cross the bridge itself. Before crossing, the dismounted team (with engineers)
visually examines the bridge for structural damage and rigged explosives and mines. If
the bridge appears intact, the dismounted team crosses the bridge one scout at a
time. The recon team moves to the far side quickly and takes up covered and
concealed positions that provide security on the opposite approach to the bridge.
Once the entire dismounted element is secure on the opposite side, it continues
beyond the immediate bank area to secure the far side. 

Obstacle Recon.  Once the area has been reconned and secured, a dismounted
scout/engineer element moves to the bridge and performs a detailed examination
focusing on information needed to accomplish the mission (see Figure 4-3, page
4-10). The element examines the bridge to—

Figure 4-1. Detection

A

A = Dismounted element 
detects the bridge and 
confirms that it is still 
intact.
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• Ensure that it is clear and free of demolitions and booby traps. This requires
examining underwater pilings and the underside of the bridge for hidden
explosives, as well as the approaches for mines and booby traps. In addition,
the element looks at the far side to find any electrical cables or wires
connecting the bridge to the shore. 

• Find structural damage. Scouts/engineers look for obvious signs of enemy
destruction efforts as well as for less obvious signs of structural damage,
including cracks or fractures in stringers or supports and twisted or untrue
alignments of stringers or supports. 

• Conduct a hasty bridge classification (see Appendix B) and a demolition
recon when mission or orders dictate. 

The recon team leader consolidates all appropriate and relevant reports (for example,
the bridge, ford, and bypass reports) and relays them to higher headquarters in a
timely fashion. 

Figure 4-2. Area security and recon

A = Vehicles are brought 
into covered and concealed 
overwatch positions.

B = A dismounted patrol 
conducts recon up to the 
bridge.

B

A
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COA Selection.  Based on the results of the bridge recon, the team leader determines
that the bridge is secure and that he can safely move the team across it and continue
the mission.

COA Recommendation/Execution.  In accordance with the team’s SOP, the scout
leader moves the remainder of his element across the bridge, overwatched by the
other vehicles (see Figure 4-4). The vehicle crosses with only the driver on board. The
leaders and the engineers who watch for any signs of damage or stress on the bridge
observe the crossing. 

Once the lead vehicle is across, it moves to link up with the dismounted element and
assists in providing far-side security. At this point, the overwatch vehicles can cross
the bridge, and the recon team continues its mission. 

Example 2: Reconning an Obstacle (Covered by Fire)

Detection.  Dismounted scouts detect an extensive wire obstacle from a covered and
concealed position. From its vantage point, the team cannot determine any additional
details. 

Figure 4-3. Bridge recon

A

B

A = Far-side security is 
established.

B = Detailed examination 
of the bridge is conducted.
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Area Security and Recon.  The recon element (consisting of TF scouts and an
engineer recon team) brings its vehicles up to covered and concealed positions to
overwatch the obstacle. The team then organizes a dismounted element to locate a
bypass and secure the far side. Because of the obstacle’s size, the team informs the
scout platoon leader that it will take considerable time to recon the obstacle. In the
process of executing the patrol, the team discovers that the obstacle’s left flank is tied
into an impassable swamp (see Figure 4-5, page 4-12).

Based on this initial evaluation, the scout platoon leader attempts to increase the
recon’s speed by sending two additional scout teams and the engineer recon team to
find a bypass around the obstacle’s right flank and to conduct an obstacle recon. One
team moves to a dismount point and sends a patrol around the right flank. The patrol
is engaged by enemy machine guns and then are engaged by enemy vehicles in
defensive positions. The team reports that it can maintain contact with the enemy but
can no longer maneuver (see Figure 4-6). The other team finds a position where it can
observe the enemy’s rear; it reports a company-size element in defensive positions
overwatching the obstacle. It also reports that there are no trafficable routes around
the enemy’s right flank (see Figure 4-7, page 4-14). The engineer recon team moves

Figure 4-4. Movement of the recon element across the bridge

A

A = After examination of 
the bridge is complete, the 
rest of the recon element 
moves across the bridge.
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near the scout team that originally detected the obstacle. At this point, the platoon
leader determines that he does not have the combat power to secure the objective’s
far side. He also determines that the only trafficable bypass is covered by enemy
direct fires. He must conduct a detailed obstacle recon with the support of the
engineer recon team before he can recommend a COA to his commander.  

Figure 4-5. Area recon of obstacle

A

B

A = Vehicles and dismounts 
provide security.

B = Patrol cannot find 
bypass on left flank.
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Figure 4-6. Recon of enemy obstacle
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B
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A =Additional team arrives.

B = Patrol engaged and cannot 
maneuver; maintains contact.

C = OP established.
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Figure 4-7. Recon to enemy’s right flank

A

B

A = Additional team patrols to right 
flank and finds more enemy.

B = OP established.
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Obstacle Recon.  The scout team that originally detected the obstacle is in the best
position to perform the recon. This team links up with the engineers and moves
dismounted to recon the obstacle. Because there is enough light for the enemy to
cover the obstacle visually, the platoon leader coordinates indirect fire to support the
patrol. As the patrol moves out, mortars lay suppressive fires on the known enemy
positions, and artillery fires place smoke into the area between the enemy positions
and the obstacle (see Figure 4-8). 

The scouts and engineers move by covered and concealed dismounted routes to the
obstacle. Through probing, grapnel, and visual observation, they determine that the
wire obstacle is oriented north to south and is reinforced with surface-laid mines. They

Figure 4-8. Mortar and artillery fires support obstacle recon
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B
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A = Artillery and mortars suppress 
and obscure.

B = Patrol moves to recon obstacle.

C = OP established.
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determine that the minefield consists of TM-62M AT mines. The mines are spaced 4.5
meters apart with two rows spaced 30 meters apart on the near side of the wire and
another two rows on the far side. No AHDs are present. Once this information is
acquired, the scouts/engineers move laterally along the obstacle for 200 meters to
determine its length and confirm that the composition is uniform. They begin to look
for the most favorable reduction site (see Figure 4-9).

COA Selection.  The platoon leader evaluates the situation and determines that he
cannot bypass the obstacle and does not have the internal capability to reduce it. He
recommends a breaching operation. 

COA Recommendation/Execution.  The scout platoon leader recommends to higher
headquarters that the platoon prepare to support a breaching operation. With higher
headquarters’ approval, he orders the platoon to recon the best location for the
support force to suppress the enemy during the breaching operation. Further, he
orders his scouts and the engineer recon team to recon an obscured route for the

Figure 4-9. Recon of minefield/wire obstacle

Scouts determine 
composition of 
obstacle and move 
to determine size.
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breaching force's maneuver to the obstacle. The scout OP team continues to observe
and report on enemy activity. The recon leader then begins coordination with the
element responsible for conducting the breaching operation (see Figure 4-10).

EMPLOYMENT CONCEPTS

An engineer recon team can be employed using several methods. Each method
has advantages and disadvantages.

INTEGRATED AS PART OF THE BRIGADE INTELLIGENCE-COLLECTION EFFORT

In this method, an engineer recon team is integrated into a brigade’s collection
effort. This effort normally includes other assets (such as COLTs) and receives
the same CS and CSS as the rest of the brigade’s recon assets. It is imperative
that the engineer battalion understands all aspects of the team’s plan. As a
minimum, the recon team leader should attend the brigade’s R&S rehearsal.
The battalion should track the recon team at all times. Resources (including

Figure 4-10. Patrol returns and establishes an OP

Patrol returns, 
establishes OP, 
and reports.
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maintenance and personnel status, verification of the recon team’s position,
and activation of no-fire areas [NFAs]) must be closely monitored. The
efficient dissemination of the intelligence collected by the recon team is also a
critical task of the battalion staff. This employment concept may be used
when—

• Engineer scouts are not expected to work close to the TF scouts.

• There are distinct advantages to moving the recon team across the LD
before the TF scouts are ready to move (for example, to observe the
enemy as he is emplacing his obstacles).

In the defense, the recon team may be—

• Employed to screen if the engineer battalion is required to occupy a
battle position (BP) as an engineer TF.

• Positioned to overwatch a friendly emplaced scatterable minefield and
to call fires as necessary.

• Positioned to overwatch NAIs where enemy scatterable minefields are
templated.

• Positioned forward to identify and help target enemy engineer
equipment.

ASSIGNED BRIGADE NAIS IN A TF’S AO

Under this method, a recon team receives its recon objectives from a brigade
through an engineer battalion. The recon team leader should link up with the
appropriate TF scout platoon leader upon receiving the mission from the
engineer battalion. The engineer battalion must ensure that the necessary
instructions to the appropriate TFs are included in the brigade’s OPORD,
especially if the TFs are expected to provide logistical support to the engineer
recon team (including casualty evacuation and vehicle recovery support). The
team leader should be present at the scout platoon leader’s OPORD and
rehearsals to ensure understanding of the scout platoon’s plan. To reduce the
risk of fratricide, the recon team leader must provide his plan to the scout
platoon leader. The recon team should report all checkpoints/locations on the
same net that the TF scouts are operating on (for example, the TF operations
and intelligence [O/I] net). All intelligence reports should be sent to both the
TF and the engineer battalion. The battalion should then pass the information
to the brigade and its subordinate elements. This employment concept should
be used anytime the recon team works close to the TF scouts.

WORKING UNDER A TF’S CONTROL

In this method, engineer recon teams are placed under the TF’s control to look
at NAIs that the brigade—

• Has tasked to the TF.

• Expects the TF to develop requiring engineer expertise (possibly a TF
breaching operation).

This method involves the least amount of coordination and planning for the
engineer battalion. However, the responsibility to plan and monitor the recon
team’s activities now falls to the TF engineer. Although the TF decides how to
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use the engineer recon teams, the TF engineer must be involved in the
planning details to ensure that the team is properly used, is integrated into a
sound R&S plan, and receives all necessary support. The TF engineer must
track the status of the recon team at all times, including—

• Reviewing maintenance and personnel statuses.

• Verifying that the recon team’s position is plotted on the TF TOC’s
situation map (SITMAP). 

• Ensuring that NFAs have been established around the recon team.

• Ensuring that any intelligence that the recon team collects is sent to
the engineer TOC (in addition to the reporting requirements placed on
them by the TF). The engineer TOC must forward all intelligence
reports immediately to the engineer battalion. 

SUPPORT CONSIDERATIONS

An engineer battalion can only provide a limited amount of logistical support
to an engineer recon team, especially after it crosses the LD. For this reason it
is essential that the engineer battalion understands the recon team’s
requirements. The engineer battalion must coordinate closely with the
brigade or TF for support that the battalion cannot provide or that can be
provided more timely by the maneuver units. Examples include casualty
evacuation, vehicle recovery, and maintenance support (including vehicle,
communications, and weapon repair). See Chapter 7 for a detailed discussion
of CSS.

The following example of an engineer recon team assigned a brigade’s NAI
and operating in a TF’s AO illustrates the use of an engineer recon team in a
tactical situation.

Based on the division’s SITEMP, the brigade S2 (with the assistance of the engineer
battalion S2) has developed a SITEMP including templated obstacle locations. Based
on this SITEMP, the brigade commander’s guidance (he wants to penetrate the
northern motorized rifle platoon [MRP] of the northern motorized rifle company
[MRC]), and the commander’s PIR, the brigade has developed one NAI (NAI 301)
looking for OBSTINTEL (see Figure 4-11, page 4-20). In addition to the MRPs
overwatching the obstacles, an additional threat to the engineer recon team templated
on the SITEMP is an infantry platoon overwatching the obstacle on the north wall.

The engineer battalion S3 issues a five-paragraph OPORD to the recon team leader
at the engineer battalion’s TOC (see Appendix C). This OPORD includes a complete
discussion of the enemy situation, all brigade assets that will be operating forward of
the LD, specific instructions on the information that the battalion is expecting from the
recon team, instructions on what nets the battalion expects the team to operate and
report on, and complete information on the service-support plan for the team. For this
mission, the engineer battalion has included in paragraph 3 of the brigade’s OPORD
(tasks to subordinate instructions) that the mechanized TF, in whose area the team
will be operating, will provide security for the engineer recon team during the obstacle
recon. It will also provide all logistical support to the engineer recon team (including
maintenance support and casualty and vehicle evacuations). (Casualty evacuation by
the TF is a backup to using aviation assets by the brigade.) Additionally, the engineer
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battalion XO and S4 have directly contacted their counterparts at the TF to reinforce
and confirm this support requirement.

The recon team leader immediately begins moving his team to the TF’s TOC where he
has coordinated a link up with the TF scout platoon leader. At the TOC, the team
leader ensures that the TF understands all the support elements on which the
battalion briefed him and that the S3 further briefs him on exactly how that support has
been planned. The team leader completes his OPORD as the assistant team leader
conducts the team’s precombat checks (PCCs). The leader’s plan calls for the team to
cross the LD (PL Pistons) at 082000 JAN 97 and travel along Route Blue to
checkpoint 2, which he has designated as his dismount point. The recon team will
observe the NAI throughout the day on 9 JAN 97 in an effort to observe the enemy
during his obstacle emplacement. The team will link up with the TF scouts (who will
provide security for the team during the obstacle recon) at checkpoint 2 after end
evening nautical twilight (EENT) on 9 JAN 97. At that point, the leader plans to travel
with the dismount element to the obstacle to conduct the recon. Two targets have
been coordinated with the FSO in support of his mission—one in the vicinity of the
dismount point and one in the vicinity of the templated obstacle. The team leader will
establish rally points from the dismount point to the obstacle. In the event that the
dismount element becomes separated during contact with the enemy, it will meet at
the last established rally point (see Figure 4-12).

Before issuing his OPORD, the team leader will backbrief the engineer battalion
commander via frequency-modulated (FM) radio and will brief the scout platoon
leader on his plan. The engineer recon team will cross the LD about 24 hours before
the TF scouts in an attempt to observe the enemy as he emplaces his obstacles, while
the TF is still developing its R&S plan. The team leader provides the scout PSG with

Figure 4-11. SITEMP with NAI 301
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his personnel and vehicle information (because the TF plan calls for all support to the
team to come through the scout platoon, including casualty evacuation). The team will
use this method of evacuation if brigade aviation assets are not available.

At 082000 JAN 97, the team crosses the LD along Route Blue. This information is
sent to the engineer battalion on the MSRT. The engineer battalion disseminates this
information to the brigade (TF 1-23 in particular). At 0300, the team reaches its
dismount point at checkpoint 2 and reports to the engineer battalion, ensuring that a
NFA is established around the team’s vehicle (see Figure 4-13, page 4-22).
Additionally, the battalion’s TOC ensures that the location of the recon team is plotted
on both the engineer battalion and brigade map boards.

By 100500 JAN 97, the dismounted element has located the obstacle and, using the
techniques discussed in Chapter 3, collects all of the required information about the
northern minefield. The dismounted element reports all collected information on the
TF scout net to the TF. The mounted element, who monitored the report to the TF,
relays the same information to the engineer battalion over the MSRT. The engineer
battalion passes the information to the brigade, ensures that the information is plotted
on the brigade and battalion map boards, analyzes the information, and disseminates
it to its subordinate elements. 

Upon completion of its mission, the dismounted element returns to the team’s vehicle
and remains in the hide position until the attack. During the attack, the team links up
with the breach force at a predetermined location and assists in guiding the breach
force to the obstacle to begin its reduction effort.

Figure 4-12. Team leader’s addition to graphics
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RESPONSIBILITIES

The following paragraphs outline the responsibilities of an engineer
commander, an engineer staff, and a recon team leader:

An engineer commander—

• Ensures that the acquisition of information on enemy obstacles is one
of the maneuver commander’s PIR or IR.

• Understands exactly how an engineer recon team will be employed.
This includes which vehicles the team will travel with or in, its routes,
how its vehicles/casualties will be evacuated, the indirect-fire plan to
support it, and how acquired OBSTINTEL will be reported and
disseminated.

• Provides and fully supports well-trained and motivated soldiers and
leaders as part of the engineer recon team.

• Develops a scheme of engineer operations (SOEO) that considers
engineer recon integration into the supported unit’s R&S effort.

• Recommends the appropriate command or support relationship for the
recon team.

An engineer staff—

• Assists in developing NAIs to acquire OBSTINTEL for the
appropriate areas of the battlefield (based on the SITEMP, current
intelligence, and the commander’s guidance) and provides this
information to the brigade’s/TF’s S2.

• Ensures that the engineer recon team is tasked with the appropriate
type and quantity of NAIs.

Figure 4-13. NFA established at dismount point
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• Develops a feasible CSS plan for the team. It conducts staff
coordination with the maneuver units, as required.

• Coordinates for fire support for the team.

• Issues a complete OPORD to the recon team leader. The OPORD
should include instructions on what the recon team should do if
communications are lost, actions if templated obstacles are not at the
assigned NAI, and recon requirements for unexpected obstacles
discovered en route.

• Tracks the location and activities of the recon team at all times.

• Ensures that NFAs are established around the recon team when they
become stationary for an extended period of time (for example, in the
team’s hide position).

• Ensures that the team’s location is plotted on the engineer and
maneuver map board at all times.

• Tracks, analyzes, and disseminates all reported OBSTINTEL (see
Figure 4-14, page 4-24).

• Refocuses the R&S plan when required.

A recon team leader—

• Accepts responsibility for all facets of the training and discipline of his
men, the maintenance and operation of his equipment, and the
integration of his team into the supported unit.

• Maintains communications throughout the mission and reports all
information quickly and accurately.

• Ensures that the recon team conducts rehearsals and equipment
preparations before each mission.
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NOTE: Obstacle numbering system: ENXXXXXXXXX.

• Characters 1-2: EN meaning enemy obstacle.
• Characters 3-6: Alphanumeric description of the headquarters type and numerical designatio

designates the unit type:
-A, armor division/brigade
-I, infantry division/brigade
-C, cavalry division
-R, cavalry regiment
-Z, corps

• Characters 7-8: Letters indicating obstacle type (see FM 20-32).
• Characters 9-10: Two numbers indicating obstacle number within the obstacle type.
• Character 11: One of four characters indicating obstacle status:

-+  obstacle reported, no clearance planned
-/   clearance of obstacle planned
--   clearance of obstacle in progress
-X  clearance of obstacle complete

Figure 4-14. Example of enemy obstacle-tracking c



Chapter 5

Route Classification

This chapter describes how to perform the technical aspects of a route
recon. Route classification is a tool that helps determine what can travel
down a road network and how fast it may travel. Routes are reconned, and
the results are displayed on map overlays. During war or military
operations other than war (MOOTW), only the necessary and essential
facts about a route are gathered as quickly and safely as possible. (This
information is placed on a route-classification overlay and supplemented
by additional reports.) During peacetime operations, detailed route-
classification missions are performed to obtain in-depth information for
future use.

Route classification may be conducted in a high-threat environment. The
same tenets that guide tactical recons apply to technical recons. All recons
must be coordinated with the supported unit. Combined-arms support
should be planned and rehearsed to support the recon.

The first step in understanding the technical portions of a route recon is
understanding what information is needed to complete a route-
classification overlay.

ROUTE-CLASSIFICATION OVERLAY

A route-classification overlay graphically depicts a route’s entire network of
roads, bridge sites, and so forth. (These items are reconned, and the data
recorded as support documentation for the complete route.) A route
classification gives specific details on what obstructions will slow down a
convoy or maneuver force along a route. Engineers are the experts on route
classification.

As a minimum, the following information will be included on the route-
classification overlay (see Figure 5-1, page 5-2):

• The route-classification formula.

• The name, rank, and social security number (SSN) of the person in
charge of performing the classification.

• The unit conducting the classification.

• The date-time group (DTG) that the classification was conducted.

• The map name, edition, and scale.

• Any remarks necessary to ensure complete understanding of the
information on the overlay.
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ROUTE-CLASSIFICATION FORMULA 

A route classification must include every alternate road on which movement
can be made and what type of vehicle and traffic load that specific portion of
the route can handle. Routes are classified by obtaining all pertinent
information concerning trafficability and applying it to the route-classification
formula. DA Forms 1248, 1249, 1250, 1251, and 1252 are designed to help
organize recon data. These forms are covered in greater detail later in this
chapter. The route-classification formula is derived from the information
gathered during the route recon. The formula is recorded on the route-
classification overlay (see Figure 5-1) and consists of the following:

(1) Route width, in meters.

(2) Route type (based on ability to withstand weather).

Figure 5-1. Route-classification overlay
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(3) Lowest military load classification (MLC).

(4) Lowest overhead clearance, in meters.

(5) Obstructions to traffic flow (OB), if applicable.

(6) Special conditions, such as snow blockage (T) or flooding (W).

Example: 5.5 / Y / 30 / 4.6 (OB) (T or W)

                 (1) (2)  (3)    (4)  (5)       (6)

Route Width

The route width is the narrowest width of traveled way on a route (see Figure
5-2). This narrow width may be the width of a bridge, a tunnel, a road, an
underpass, or other constriction that limits the traveled-way width. The
number of lanes is determined by the traveled-way width. The lane width
normally required for wheeled vehicles is 3.5 meters; for tracked vehicles it is
4.0 meters.

According to the number of lanes, a road or route can be classified as follows:

• Limited access—Permits passage of isolated vehicles of appropriate
width in one direction only.

• Single lane—Permits use in only one direction at any one time.
Passing or movement in the opposite direction is impossible.

• Single flow—Permits the passage of a column of vehicles and allows
isolated vehicles to pass or travel in the opposite direction at

Figure 5-2. Route widths

a a

b bd d

e

a = Width of vehicle
b = Width of lane
c = Width of traveled way
d = Width of hard shoulder
e = Width of grading

c
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predetermined points. It is preferable that such a route be at least 1.5
lanes wide.

• Double flow—Permits two columns of vehicles to proceed
simultaneously. Such a route must be at least two lanes wide.

Route Type

The route type is determined by its ability to withstand weather. It is
determined by the worst section of road on the entire route and is categorized
as follows:

• Type X—An all-weather route that, with reasonable maintenance, is
passable throughout the year to a volume of traffic never appreciably
less than its maximum capacity. This type of route is normally formed
of roads having waterproof surfaces and being only slightly affected by
rain, frost, thaw, or heat. This type of route is never closed because of
weather effects other than snow or flood blockage.

• Type Y—A limited, all-weather route that, with reasonable
maintenance, is passable throughout the year but at times having a
volume of traffic considerably less than maximum capacity. This type
of route is normally formed of roads that do not have waterproof
surfaces and are considerably affected by rain, frost, thaw, or heat.
This type of route is closed for short periods (up to one day at a time)
by adverse weather conditions during which heavy use of the road
would probably lead to complete collapse.

• Type Z—A fair-weather route passable only in fair weather. This type
of route is so seriously affected by adverse weather conditions that it
may remain closed for long periods. Improvement of such a route can
only be achieved by construction or realignment.

Military Load Classification

A route’s MLC is a class number representing the safe load-carrying capacity
and indicating the maximum vehicle class that can be accepted under normal
conditions. Usually, the lowest bridge MLC (regardless of the vehicle type or
conditions of traffic flow) determines the route’s MLC. If there is not a bridge
on the route, the worst section of road will determine the route’s overall
classification.

In cases where vehicles have a higher MLC than the route, an alternate route
may be sought or an additional recon of the roads within the route may be
necessary to determine whether a change in traffic flow (such as single-flow
crossing of a weak point) will permit heavier vehicles on the route. When
possible, ensure that the route network includes a number of heavy-traffic
roads, as well as average-traffic roads. This helps staff planners manage
heavy-traffic loads to decrease the bottleneck effect.

The entire network’s class is determined by the minimum load classification of
a road or a bridge within the network. These are the broad categories:

• Class 50—average-traffic route.

• Class 80—heavy-traffic route.
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• Class 120—very heavy-traffic route.

Overhead Clearance

The lowest overhead clearance is the vertical distance between the road
surface and any overhead obstacle (power lines, overpasses, tunnels, and so
forth) that denies the use of the road to some vehicles. Use the infinity symbol
(∞) for unlimited clearance in the route-classification formula. (Points along
the route where the minimum overhead clearance is less than 4.3 meters are
considered to be an obstruction.)

Route Obstructions

Route obstructions restrict the type, amount, or speed of traffic flow. They are
indicated in the route-classification formula by the abbreviation “OB.” If an
obstruction is encountered, its exact nature must be depicted on the route-
classification overlay. Obstructions include—

• Overhead obstructions such as tunnels, underpasses, overhead wires,
and overhanging buildings with a clearance of less than 4.3 meters. 

• Reductions in traveled-way widths that are below the standard
minimums prescribed for the type of traffic flow (see Table 5-1). This
includes reductions caused by bridges, tunnels, craters, lanes through
mined areas, projecting buildings, or rubble.

• Slopes (gradients) of 7 percent or greater.

• Curves with a radius of 25 meters and less. Curves with a radius of
25.1 to 45 meters are not considered to be an obstruction; however,
they must be recorded on the route-recon overlay.

• Ferries.

• Fords.

Snow Blockage and Flooding

In cases where snow blockage is serious and is blocking traffic on a regular
and recurrent basis, the symbol following the route-classification formula is
“T.” In cases where flooding is serious and is blocking traffic on a regular and
recurrent basis, the symbol following the route-classification formula is “W.”

EXAMPLES OF THE ROUTE-CLASSIFICATION FORMULA

The following are examples depicting the use of the route-classification
formula:

• 6.1m/Z/40/∞—A fair-weather route (Z) with a minimum traveled way
of 6.1 meters, and an MLC of 40. Overhead clearance is unlimited (∞)
and there are no obstructions to traffic flow. This route, based on its

Table 5-1. Traffic-flow capability based on route width

Limited 
Access

Single 
Lane

Single 
Flow

Double 
Flow

Wheeled At least 3.5 m 3.5 to 5.5 m 5.5 to 7.3 m Over 7.3 m

Tracked and combination vehicles At least 4.0 m 4.0 to 6.0 m 6.0 to 8.0 m Over 8 m
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minimum traveled-way width, accommodates both wheeled and
tracked, single-flow traffic without obstruction.

• 6.1m/Z/40/∞ (OB)—A fair-weather route (Z) similar to the previous
example, except there is an obstruction. This obstruction could consist
of overhead clearances of less than 4.3 meters, grades of 7 percent or
greater, curves with a radius of 25 meters and less, or fords and
ferries. A traveled way of 6.1 meters limits this route to one-way traffic
without a width obstruction. If the route is used for double-flow traffic,
then 6.1 meters of traveled way is considered an obstruction and is
indicated in the formula as an obstruction.

• 7m/Y/50/4.6 (OB)—A limited, all-weather route (Y) with a minimum
traveled way of 7 meters, an MLC of 50, an overhead clearance of 4.6
meters, and an obstruction. This route width is not suitable for double-
flow traffic (wheeled or tracked). This width constriction is indicated
as OB in the route-classification formula if the route is used for
double-flow traffic.

• 10.5m/X/120/∞ (OB) (W)—An all-weather route (X) with a minimum
traveled-way width of 10.5 meters, which is suitable for two-way
traffic of both wheeled and tracked vehicles; an MLC of 120; unlimited
overhead clearance; an obstruction; and regular, recurrent flooding.

CURVE CALCULATIONS

The speed at which vehicles move along a route is affected by sharp curves.
Curves with a radius of 25 meters and less are obstructions to traffic and are
indicated by the abbreviation “OB” in the route-classification formula and
identified on DA Form 1248. Curves with a radius between 25.1 and 45 meters
are recorded on the overlay but are not considered obstructions.

MEASURING METHODS

There are several ways to measure curves: the tape-measure, triangulation,
and formula methods.

Tape-Measure Method

A quick way to estimate the radius of a sharp curve is by using a tape measure
to find the radius (see Figure 5-3). Imagine the outer edge of the curve as the
outer edge of a circle. Find (estimate) the center of this imaginary circle; then
measure the radius using a tape measure. Start from the center of the circle
and measure to the outside edge of the curve. The length of the tape measure
from the center of the imaginary circle to its outer edge is the curve’s radius.
This method is practical for curves located on relatively flat ground and
having a radius up to 15 meters.

Triangulation Method

You can determine a curve’s approximate radius by “laying out” right triangles
(3:4:5 proportion) at the point of curvature (PC) and point of tangency (PT)
locations (see Figure 5-4). The intersection (o), which is formed by extending
the legs of each triangle, represents the center of the circle. The distance (R)
from point o to either point PC or PT represents the curve’s radius.  
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Figure 5-3. Tape-measure method

Figure 5-4. Triangulation method
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Formula Method

Another method of determining the curve’s radius (see Figure 5-5) is based on
the formula (all measurements are in meters)—

R = (C2/8M) + (M/2)

where—

R = radius of curve

C = distance from the centerline of the road to the centerline of the road at
the outer extremities of the curve

M = perpendicular distance from the center of the tape to the centerline of
the road

NOTE: When conditions warrant,  set M at 2 meters from the
centerline, then measure C 2 meters from the centerline. Use this
method when there is a time limitation or because natural or man-
made restrictions prevent proper measurements.

Example: If C is 15 meters and M is fixed at 2 meters, the formula becomes—

R = (152/16) + 2/2

The result of this calculation would be an obstruction to traffic flow, and “OB”
would be placed in the route-classification formula.

Figure 5-5. Formula method

C L M

c

R R

90º
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CURVE SYMBOL

Sharp curves with a radius of 45 meters or less are symbolically represented
on maps or overlays by a triangle that points to the curve’s exact map location.
In addition, the measured value (in meters) for the radius of curvature is
written outside the triangle (see Figure 5-6). All curves with a radius of 45
meters are reportable and need to be noted on DA Form 1248.

SERIES OF SHARP CURVES

A series of sharp curves is represented by two triangles, one drawn inside the
other. The outer triangle points to the location of the first curve. The number
of curves and the radius of curvature for the sharpest curve of the series are
written to the outside of the triangle (see Figure 5-6).

SLOPE ESTIMATION

The rise and fall of the ground is known as the slope or gradient (grade).
Slopes of 7 percent or greater affect the movement speed along a route and are
considered an obstruction. The percent of slope is used to describe the effect
that inclines have on movement rates. It is the ratio of the change in elevation
(the vertical distance to the horizontal ground distance) multiplied by 100 (see
Figure 5-7, page 5-10). It is important to express the vertical distance and the
horizontal in the same unit of measure. Report all slopes greater then 5
percent on the route-classification overlay. 

PERCENT OF SLOPE

The following methods are used for determining the percent of slope:

Clinometer Method

A clinometer is an instrument that directly measures percent of slope. It can
be found in engineer survey units, as part of an artillery compass, and as part
of an engineer platoon sketch set. Follow the instructions included with the
instrument.

Figure 5-6. Curve symbols

22

3/25
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Map Method

Use a large-scale map (such as 1:50,000) to estimate the percent of slope
quickly. After identifying the slope on the map, find the difference in
elevations between the top and bottom of the slope by reading the elevation
contours or spot elevation. Then, measure and convert the horizontal distance
(usually road distance) to the same unit of measurement as the elevation
difference. Substitute the vertical and horizontal distances in the percent-of-
slope formula and compute the percent of slope (see Figure 5-8).

Pace Method

The pace method is a quick way to estimate percent of slope. Determine,
accurately, the height and pace of each soldier for each member of a recon
team before using this method. As a rule of thumb, the eye level of the average
soldier is 1.75 meters above the ground. The pace of the average soldier is 0.75
meter.

Perform the following procedures for the pace method:

• Stand at the bottom of the slope with head and eyes level. 

• Sight a spot on the slope. This spot should be easily identifiable. If it is
not, another member of the team should go forward to mark the
location.

• Walk forward and stand on the marked spot. Record the number of
paces. Repeat this procedure until you reach the top of the slope
(estimate fractions of an eye level).

• Compute the vertical distance by multiplying the number of sightings
by the eye-level height (1.75 meters). Compute the horizontal distance
by totaling the number of paces and converting them to meters by
multiplying by 0.75 (or the known pace-to-meter conversion factor).

Figure 5-7. Percent-of-slope formula

A

B

Slope

1,000 m
Horizontal distance (Hd)

100 m
Vertical
distance

(Vd)

Percent of slope
Vd

Hd
------ 100×

100 m
1,000 m
------------------- 100

+10%=

×=

=
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Figure 5-8. Map method to determine percent of slope

193
B
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140
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100
A

0 m 1,000 m 2,000 m 3,000 m 4,000 m 5,000 m

Find the difference in elevation (Vd)
Spot elevation B = 193 m
Spot elevation A = 100 m
Difference in elevation (Vd) =  93 m 

Find the horizontal distance (Hd)
Road distance A to B (use a piece of paper and graphic
scale as shown in FM 21-26) = 3,720 m

Use the percent-of-slope formula.

Vd

Hd
------ 100×

93
3 720,
--------------- 100

+2.5%=

×=
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• Calculate the percent of slope by substituting the values into the
percent-of-slope formula (see Figure 5-9). Because this method
considers horizontal ground distance and incline distance as equal,
you can obtain reasonable accuracy only for slopes less than 30
percent. This method requires practice to achieve acceptable accuracy.
A line level and string can be used to train this method.

Angle-of-Slope Method

The angle-of-slope method is a quick way to estimate the percent of slope. The
angle of slope is first measured by using an elevation quadrant, an aiming
circle, an M2 compass, or binoculars with a standard reticle. If the instrument
used to take the angle of measurement is mounted above ground level, the
height difference must be compensated for by sighting above the slope a
corresponding, equal distance. (The corresponding distance is the distance the
instrument is above the ground.) You must conduct the angle of measurement
at the base of the slope. Once you obtain the angle of measurement, refer to

Figure 5-9. Pace method to determine percent of slope

75 paces

125 paces 1.75 m

1.75 m

Find: Percent of slope =
Given: Eye-level height = 1.75 m

Pace = .75 m

Answer: Vertical distance = 2 x 1.75 m
= 3.5 m

Horizontal distance = (75 paces +
125 paces x
.75

= 150 m

Percent of slope
Vd

Hd
------ 100

3.50
---------- 100×=

×=
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Table 5-2 and enter the column corresponding to the measured angle of slope.
You can read the percent of slope directly from Table 5-2 (see Figure 5-10). 

SLOPE SYMBOL

Most vehicles negotiating slopes of 7 percent or greater for a significant
distance will be slowed. Such slope characteristics must be accurately
reported. The symbols illustrated in Figure 5-11, page 5-14, are used to
represent various slopes.

Table 5-2. Conversion of degrees and mils to percent of slope

Degrees of Slope Mils of Slope Percent of Slope

1 18 1.7

2 36 3.5

3 53 5.2

4 71 7.0

5 89 8.7

10 175 17.6

15 267 26.7

20 356 36.4

25 444 46.6

30 533 57.7

35 622 70.0

40 711 83.9

45 800 100.0

50 889 108.7

55 978 117.6

60 1,067 126.7

Figure 5-10. Angle-of-slope method to determine percent of slope

The elevation of d' above ground level 
must equal the elevation of d above 
ground level.

Angle of sight

Angle of slope d

d'
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DESCRIPTION OF SLOPE SYMBOLS

A single arrowhead along the trace of a route pointing in the uphill direction
indicates a grade of at least 5 but less than 7 percent. Two arrowheads
represent a grade of at least 7 but less than 10 percent. Three arrowheads
represent a grade of at least 10 but less than 14 percent. Four arrowheads
represent a grade of 14 percent or more. A symbol is not required for slopes
less than 5 percent.

The percent of slope is written to the right of the arrow. When the map scale
permits, the length of the arrow shaft will be drawn to map scale to represent
the approximate length of the grade. 

NOTE: Slopes of 7 percent or greater are obstructions to traffic flow
and are indicated by the abbreviation “OB” in the route-classification
formula.

CONSTRICTIONS

Reductions in traveled-way widths (constrictions) include narrow streets in
built-up areas, drainage ditches, embankments, and war damage. These
constrictions may limit vehicle movement; therefore, the physical dimensions
of the vehicles that will be using the route must be known and considered
when conducting the route classification. 

Constrictions in the traveled-way width below minimum requirements are
depicted on maps and overlays by two opposing shaded triangles. The width of
the usable traveled way (in meters) is written next to the left triangle. The
length of the constriction (in meters) is written next to the right triangle (see
Figure 5-12). 

NOTE: Constrictions of traveled-way widths below the minimum
standard for the type and flow of traffic are obstructions and are
indicated by the symbol “OB” in the route-classification formula.

Figure 5-11. Percent-of-slope symbols

6 (5 but less than 7 
percent)

9 (7 but less than 10 
percent)

11 (10 but less than 
14 percent)

17 (over 14 percent)

NOTE: Arrows point uphill.
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UNDERPASSES

An underpass is depicted on a map or overlay by a symbol that shows the
structure’s ceiling. It is drawn over the route at the map location. The width
(in meters) is written to the left of the underpass symbol, and the overhead
clearance (in meters) is written to the right of the underpass symbol (see
Figure 5-13).

Figure 5-12. Route-constriction symbol

Figure 5-13. Underpass symbols

3 25

Width constriction of 3 meters for 
a distance of 25 meters

20/24 6

4.5/58

Underpass With Sidewalks
Traveled way width: 20 meters
Total width with sidewalks: 24 meters
Overhead clearance: 6 meters

Underpass With Arched Ceiling
Width: 8 meters
Overhead clearance: 4.5 meters 
(minimum)/5 meters (maximum)
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If sidewalks permit emergency passage of wider vehicles, the sidewalks are
symbolically represented. This information should be noted on DA Form 1250.
The traveled-way width is recorded first, followed by a slash, then the
structure’s total width, including sidewalks. 

NOTE: Items such as arched ceilings or irregularities in ceilings that
result in a decrease in overhead clearance must be noted. In such
cases, an extension of width may not mean that the structure will
accommodate wider vehicles. 

Both minimum and maximum overhead clearances, if different, will be
recorded. The minimum will be recorded first, followed by a slash, then the
maximum overhead clearance. 

TUNNELS

A tunnel is an artificially covered (such as a covered bridge or a snowshed) or
underground section of road along a route. A tunnel recon determines
essential information such as the serial number, location, type, length, width
(including sidewalks), bypasses, alignment, gradient, and cross section. A
tunnel consists of a bore, a tunnel liner, and a portal. Common shapes of
tunnel bores (see Figure 5-14) are semicircular, elliptical, horseshoe, and
square with an arched ceiling.

Figure 5-14. Types of tunnel boxes

Square with
arched ceiling

EllipticalElliptical

Horseshoe Semicircular
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TUNNEL SYMBOL

Basic tunnel information is recorded on maps or overlays using symbols (see
Figure 5-15). The location of the tunnel entrance is shown on a map or overlay
by an arrow from the symbol to the location of the entrance. For long tunnels
(greater than 30.5 meters), both tunnel entrance locations are indicated.

For later reference, a serial number is assigned to each tunnel. (Check for an
existing fixed serial number on the actual tunnel or map sheet; if there is not
a serial number, assign a number based on the unit’s SOP.) Serial numbers are
not duplicated on any one map sheet, overlay, or document. The number is
recorded inside the symbol. The traveled-way width is shown in meters and is
placed below the symbol.

If sidewalks permit the emergency passage of wider vehicles, then the
sidewalks are symbolically represented and the traveled-way width is written
first, followed by a slash, then the total width including the sidewalks. 

NOTE: Structures with arched or irregular ceilings will decrease
overhead clearance. An extension of width does not always mean that
the structure will accommodate wider vehicles.

Figure 5-15. Tunnel symbols

5/7
1

10.5
800

Tunnel Number 1
Minimum overhead clearance: 5 meters 
Maximum overhead clearance: 7 meters
Traveled way: 10.5 meters wide; 800 
meters long; easy bypass available

Tunnel Number 2
Minimum overhead clearance: 5 meters 
Maximum overhead clearance: 5 meters
Traveled way: 15 meters wide (17 meters 
total including sidewalks); 100 meters 
long; difficult bypass available

5/5
2

15/17
100
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OVERHEAD CLEARANCE

Overhead clearance is the shortest distance between the surface of a traveled
way and any obstruction vertically above it. The measurement of overhead
clearance must be accurate. Obtain the measurements shown in Figures 5-16
and 5-17 and record them on DA Form 1250. 

Figure 5-16. Overhead-clearance measurements

b b

bb

a

a a
a a

a - Minimum measurement (always taken at the outside edge of 
the traveled way)
b - Maximum measurement (always taken at the center of the 
road)
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Figure 5-17. Dimensions required for tunnels

1a

5

1

6

6a 6a

44a

3

2

1 - Portal-to-portal length of tunnel
1a - Centerline distance of tunnel
2 - Effective width of the traveled way, 
curb to curb
3 - Horizontal clearance (minimum width 
of the tunnel bore measured at least 4 
feet above the traveled way
4 - Overhead clearance (minimum 
distance between the top of the traveled 
way and the lower edge of the tunnel 
ceiling or any obstruction below the

ceiling, such as trolley wires or electric 
light wires)
4a - Rise of tunnel arch (radius of curved 
portion)
5 - Radius of curvature of the traveled 
way, either measured or estimated
6 - Gradient (percentage of rise of the 
traveled way between portals)
6a - Change in gradient within the tunnel 
(percentage of rise each way from break 
of grade)

Plan

Profile
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TUNNEL RECONNAISSANCE REPORT

The following are explanations for sections of DA Form 1250 that are not self-
explanatory (see Figures 5-18 through 5-19a, pages 5-21 through 5-23):    

• Block 8. Record the tunnel number found on the map sheet or on the
head wall (or data plate) of the actual tunnel. If there is not a number
on the map or tunnel, then assign an appropriate number based on the
unit’s SOP. If there is a different number on the map than on the
tunnel, record both serial numbers.

• Block 13. Record the number of railroad tracks passing through the
tunnel, if applicable.

• Block 15. Record the vertical clearance (the shortest clearance from
the road surface in the tunnel to the lowest point on the ceiling above
the traveled way). Also, record the distance from the sidewalk to the
ceiling if traffic can travel on the sidewalks.

• Block 15 (continued). Record the horizontal clearance. It is the
roadway width or the roadway width and sidewalks/emergency lanes
(where vehicles can move through the tunnel without striking the top
or sides).

• Block 16. Record the internal tunnel grade. Record the grade of the
tunnel entrances in Block 27.

• Block 17. State whether the tunnel is straight or curved. Record
curves that may restrict traffic flow.

• Block 19. Record a description of what the tunnel entrances (portals)
look like and their composition.

• Block 22. Mark the applicable box. Some tunnels are chambered for
demolition. This means that the tunnel has predesigned locations for
placing demolitions to destroy the tunnel and deny use by the enemy.

• Block 23. Record the date the tunnel was constructed.

• Block 29. Inspect the rock or soil at the tunnel’s entrances. If there is
a chance of a rock or mud slide, record the location and possible
solution to the problem.
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Figure 5-18. Sample Tunnel Reconnaissance Report (front)

SAMPLE
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Figure 5-19. Sample Tunnel Reconnaissance Report (back)

SAMPLE
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Figure 5-19a. Portal view of tunnel

Mountain earth

Brick

River rock

North entrance
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STREAM RECON

A stream-crossing site is a location at a body of water where vehicles can
“swim” across and not touch the bottom. Identify and report locations that
permit smooth traffic flow and reduce route obstructions as much as possible.
When conducting a recon of a stream-crossing area, record the stream’s depth,
width, approaches, velocities, and natural and man-made obstacles (see
Figure 5-20).

MEASUREMENTS

Stream depth is usually measured using field-expedient devices such as poles
or weighted ropes. Measure the depth every 3 meters along the planned
stream-crossing route. Recheck depths and currents frequently during
inclement weather. As a result of sudden, heavy rainfall, a sluggish stream or
river may become a torrent very quickly, particularly in tropical and arid
regions. Monitor weather reports of the surrounding area. Storms occurring
miles away can cause flash flooding. Always consider the importance of
upstream dams and locks that may cause elevated levels or flooding when
opened or destroyed. NOTE: The actual depth you measure is recorded
as normal depth when there is little time to recon.

Figure 5-20. Dimensions required for streams

1
2a

2
2b

3 3a 3b

4

4a
4b

1 - Width of streambed from bank to 
bank
2 - Actual width of water, measured 
at normal stage (maximum width 2a 
and minimum width 2b are 
estimated, based on local 
observations or records of high 
water and low water)
3 - Actual depth of stream at normal 
water level
3a - Estimated maximum water 
depth, based on local observations 
or records
3b - Estimated minimum water 
depth, based on local observations 
or records
4 - Slope of approaches (slope of 
stream banks through which  
approach roads are cut)

4a
4b
------ 100×
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PREEXISTING DATA

In developed areas of the world, special water-navigation maps containing
water-body data are available through government agencies. The S2 can
obtain copies of such maps. However, always check the actual site when
possible; there is no substitute for an actual recon.

STREAM WIDTH

Determine the stream width by using the compass method; an aiming circle,
azimuth indicator, or alidade; or a GPS or by taking a direct measurement.

Compass Method

Determine stream width by using a compass to take an azimuth from a point
on the near shore and close to the water’s edge to a point on the opposite shore
and close to the water’s edge (see Figure 5-21). On the near shore, establish
another point that is on a line and at a right angle to the azimuth selected.
The azimuth to the same point on the far shore is + or - 45 degrees (800 mils)
from the previous azimuth. Measure the distance between the two points on
the near shore. This distance is equal to the distance across the stream.

Aiming Circle, Azimuth Indicator, or Alidade

Use an aiming circle, azimuth indicator, or alidade to measure the angle
between two points that are a known distance apart on the near shore and a
third point directly across the river from one of these points (see Figure 5-22,
page 5-26). Using trigonometric relationships, compute the distance across the
stream.

Global Positioning System

Calculate the distance using two known grid points (from the GPS).

Direct Measurement

Measure short gaps with a tape measure or a dark rope that is marked and
accurately measured.

Figure 5-21. Measuring stream width with a compass

Far shore

Near shore

315°
270°

B

A C

A - Point on near shore
B - Point on far shore
AB - Distance to be measured

Azimuth of line AB is 315° (moving left, add 
45°; moving right, subtract 45°).
Azimuth of line CB is 270°.
Difference between azimuth AB and azimuth 
CB is 45°.
Distance along AC equals distance along 
AB.
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CURRENT VELOCITIES

Current velocities vary in different parts of a stream. Velocity is usually
slower near the shore and faster in the main channel. Perform the following
procedure to determine stream velocity:

• Measure a distance along a river bank.

• Throw a light floating object (not affected by the wind) into the
stream.

• Record the time of travel it takes for the object to travel the measured
distance. Repeat the procedure at least three times. Use the average
time of the test in the following formula (see Figure 5-23) to determine
the stream’s velocity:

Stream velocity, in meters per second = measured distance, in meters/ 
average time, in seconds

STREAM APPROACHES

Gently sloping stream approaches are desirable for fording and swimming
operations. Slope is expressed in percent. Ensure that the slope-climbing
capability is considered for the vehicles that are expected to ford/swim the
stream. This information is found on the vehicle’s data plate or dash plate or

Figure 5-22. Measuring stream width with a surveying instrument

Figure 5-23. Finding stream velocity

B

A C

Angle at A is 90°.
Measure the angle at C.
AB = Tangent C x AC

Direction of current

C A B

A' B'

Measure distance A'B'.

Throw floating object into stream at 
C.

Determine time required for object 
to float distance AB.

NOTE: This should be done 
three times, with the final 
velocity being the average of the 
three attempts.Velocity

A'B' (meters or feet)
Time to float from A to B (seconds)
------------------------------------------------------------------------------------=
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in the vehicle’s technical manual (TM). When considering slope-climbing
capability, consider the degrading effects of weather, the condition of the
vehicle’s tires or tracks, and the condition of the ground surface of both sides
of the stream. When bank improvements are necessary, include the amount
and type of work on DA Form 1711-R. See Appendix D for further details on
engineer reconnaissance and DA Form 1711-R.  A blank DA Form 1711-R is
provided at the back of this publication; it can be locally reporduced on 8 1/2-
by 11-inch paper.

Consider and avoid the following obstacles during stream-crossing operations:

• High, vertical banks.

• Mines and booby traps that are located at the entrance and exit or at
likely approaches, submerged, or attached to poles and floating logs.

• Debris and floating objects such as logs and brush, poles, or floating
logs with wire attached (which will foul propellers and suspension
systems).

• Ice crusts.

FORDS

A ford is a location in a water barrier where the current, bottom, and
approaches allow personnel and vehicles and other equipment to cross and
remain in contact with the bottom during crossing. Fords are obstructions to
traffic flow and are shown by the abbreviation “OB” in the route-classification
formula (detailed information is recorded on DA Form 1251).

During high-water periods, low-water bridges are easily confused with paved
fords because both are completely submerged. It is important to know the
difference between this type of bridge and a paved ford because of
corresponding military load limitations.

Fords are classified according to their crossing potential (or trafficability) for
pedestrians or vehicles. Fordable depths for vehicular traffic can be increased
by suitable waterproofing and adding deep-water fording kits. These kits
permit fording depths up to an average of 4.3 meters. Check vehicle TMs for
further fording information.

Record the composition of the approaches. They may be paved or covered with
mat or trackway, but they are usually unimproved. The composition and the
slope of the approaches to a ford should be carefully noted to determine the
trafficability after fording vehicles saturate the surface material of the
approaches. Identify the ford’s left and right approaches when looking
downstream. 

Record the current velocity and the presence of debris to determine their
effect, if any, on the ford’s condition and passability. Estimate the current as—

• Swift (more than 1.5 meters per second).

• Moderate (1 to 1.5 meters per second).

• Slow (less than 1 meter per second).
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The ford’s stream-bottom composition largely determines its trafficability. It is
important to determine whether the bottom is composed of sand, gravel, silt,
clay, or rock and in what proportions. Record whether the ford’s natural river
bottom has been improved to increase the load-bearing capacity or to reduce
the water depth. Improved fords may have gravel, macadam, or concrete
surfacing; layers of sandbags; metal screening or matting; or timber
(corduroy) planking. Note if there is material nearby that may be used to
improve the ford. Record limited ford information (such as the following) on
maps or overlays using a symbol as shown in Figure 5-24.

• The ford’s geographic location is shown by an arrow from the symbol
to the ford location on a map or overlay. The symbol is drawn on either
side of the stream.

• A serial number is assigned to each ford for reference (if the map sheet
has a preassigned serial number, use it). Follow the unit’s SOP in
assigning serial numbers. They must not be duplicated within any one
map sheet, overlay, or document.

Figure 5-24. Ford symbols

1 VP 1.5 X
15 6.5 G .7

2 P 1.2 Y
50 3 R 1

3 V ? X

15 6 P
.5

Ford #1 is pedestrian and vehicular with stream 
velocity of 1.5 meters per second and no 
seasonal limitations, 15 meters long, 6.5 meters 
wide, gravel bottom, and 0.7 meter deep and has 
a difficult approach on the right bank.

Ford #2 is pedestrian with stream velocity of 1.2 
meters per second with seasonal limitations, 50 
meters long, 3 meters wide, rock bottom, and 1 
meter deep and has easy approaches.

Ford #3 is vehicular with stream velocity 
unknown and no seasonal limitations, 15 meters 
long, 6 meters wide, artificial paving, is 0.5 meter 
deep and has difficult approaches on both 
banks.

Serial # Type of 
ford

Stream’s 
normal velocity

Seasonal 
limiting factors

Length 
of ford

Ford width Nature of the 
bottom

Normal depth

S
tr

ea
m
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• The type of ford is determined by bottom conditions, width, and water
depth. Use the letters “V” for vehicular or “P” for pedestrian to show
the ford type. Approaches are not considered in determining the ford
type.

• The stream’s normal velocity is expressed in meters per second.
Seasonal limiting factors follow the stream-velocity notation and are
shown by the letters—

— X = no seasonal limitations except for sudden flooding of limited
duration (such as flash floods).

— Y = serious, regular, or recurrent flooding or snow blockage.
NOTE: If the Y symbol is used, the route type in the route-
classification formula automatically becomes type Z.

• The length of the ford, expressed in meters, is the distance from the
near to far shores. The width of the ford is the traveled-way width of
the ford’s bottom.

• The nature of the bottom is indicated by the most appropriate letter
symbol:

— M = mud.

— C = clay.

— S = sand.

— G = gravel.

— R = rock.

— P = artificial paving.

• The normal depth is the depth of water at the deepest point, expressed
in meters. During a hasty recon, the actual water depth is used.

• A stream’s left and right banks are found by looking downstream.
Imagine yourself in the middle of the stream and looking downstream.
Your left arm would indicate the left bank and the right arm the right
bank. In drawing this portion of the symbol, pay attention to the
direction of the stream flow. A difficult approach is shown by irregular
lines placed on the corresponding side of the basic symbol.

All elements of the ford symbol are separated by slashes. If you do not know or
cannot determine any item of the ford symbol, substitute a question mark for
the required information. (Record ford information on DA Form 1251. See
Figures 5-25 and 5-26, pages 5-30 and 5-31.) 

UNDERWATER RECON

In deeper water, divers may have to determine bottom conditions. Diving
teams trained and equipped for underwater recons select deep-water fording
sites. When the divers cannot easily span the distance between banks,
inflatable combat rubber recon craft or bridge-erection boats enter the water
at a selected entrance and drop off teams at regular intervals. Unless the area
is under enemy fire or observation, the craft remain in the water during the
Route Classification 5-29



FM 5-170
Figure 5-25. Sample Ford Reconnaissance Report (front)

SAMPLE
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Figure 5-26. Sample Ford Reconnaissance Report (back)

SAMPLE
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recon and pick up divers when the operation is completed. Helicopters may be
used to drop teams in the water or place teams on the far shore if the situation
permits. Engineer light diving teams routinely conduct river recons at night.

To assist underwater recon teams in maintaining direction, weighted lines
(transverse lines) may be placed across the bottom of the water obstacle.
Buoys or other floating objects are attached to the lines to indicate the survey
area for the underwater recon team(s). When the current is greater than 1.3
meters per second, underwater recon personnel will have difficulty
maintaining a position along the line selected. To assist divers, another
transverse line, parallel to the original line and with lateral lines connecting
both lines, may be placed upstream.

Bottom conditions are easily determined during periods of good visibility and
when the water is clear. However, under blackout conditions or when the
water is murky, the recon is much slower because swimmers must feel their
way across. If the tactical situation permits, diver’s may use underwater
lanterns.

Environmental conditions (such as depth, bottom type, tides and currents,
visibility, and temperature) have an effect on divers, diving techniques, and
equipment. The length of time that divers can remain underwater depends on
water depth, time at depth, and equipment used. When conducting a recon in
a current, swimmers expend more energy, tire more easily, and use their air
supply more quickly. In water temperatures between 73° and 85°F, divers can
work comfortably in their swimsuits, but will chill in one to two hours if not
exercising. In water temperatures above 85°F, the divers overheat. The
maximum water temperature that can be endured, even at rest, is 96°F. At
temperatures below 73°F, unprotected divers will be affected by excessive heat
loss and become chilled within a short period of time. In cold water, the sense
of touch and the ability to work with the hands are affected. Air tanks vary in
size and govern how long divers can operate. Extra tanks should be available
for underwater recon teams, and the facilities to recharge equipment should
be located close enough to respond to team requirements.

Units may develop a river-recon report to transmit important information
about the river’s location, near- and far-shore characteristics, and river
characteristics. A sample report is shown in Figures 5-27 and 5-28, pages 5-33
and 5-34.  

FERRY RECON

Ferries are considered obstructions to traffic flow and are indicated by the
abbreviation “OB” in the route-classification formula. Ferryboat construction
varies widely and ranges from expedient rafts to ocean-going vessels. Ferries
differ in physical appearance and capacity depending upon the water’s width,
depth, and current and the characteristics of the traffic to be moved. Ferries
may be propelled by oars; cable and pulleys; poles; the stream current; or
steam, gasoline, or diesel engines.

CIVIL FERRIES AND FERRY SITES

Usually, the capacity of a civil ferryboat is expressed in tons and total number
of passengers. In addition, it is often assigned an MLC number. Ensure that
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Figure 5-27. Sample River Reconnaissance Report (front)

SAMPLE
Route Classification 5-33



FM 5-170
Figure 5-28. Sample River Reconnaissance Report (back)

SAMPLE
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you record the capacity of each ferry when more than one is used at a given
site. The ferries may vary in capacity.

Ferry slips (or piers) are usually provided on each shore to permit easy loading
of passengers, cargo, and vehicles. The slips may range from simple log piers
to elaborate terminal buildings. A distinguishing characteristic of a ferry slip
is often the floating pier that adjusts, with changes in the water depth, to the
height of the ferryboat.

Approach routes to ferry installations have an important bearing on using the
ferry. Reconning and recording the conditions of the approaches (including the
load-carrying capacity of landing facilities) is very important.

Limiting characteristics of ferry sites that should be considered are the—

• Width of the water barrier from bank to bank.

• Distance and time required for the ferryboat to travel from one bank
to the other.

• Depth of the water at each ferry slip.

• Ease in which each landing site can be defended.

Climatic conditions affect ferry operations. Fog and ice substantially reduce
the total traffic-moving capacity and increase the hazard of the water route.
Therefore, you must consider data on tide fluctuations, freezing periods,
floods, excessive dry spells, and their effects on ferry operations.

FERRY INFORMATION

Record limited ferry information (such as the following) on maps or overlays
by using the symbol shown in Figure 5-29. Figure 5-30, page 5-36, gives
examples of completed ferry symbols. 

• The geographic location of the ferry is shown by an arrow from the
symbol to the location of the ferry on a map or overlay. The symbol
may be drawn on the map or overlay on either side of the stream.

• A serial number is assigned to each ferry, for later reference. Numbers
must not be duplicated within any one map sheet, overlay, or

Figure 5-29. Ferry symbol

Left-bank 
approach 
condition

Serial 
number

Type of 
ferry

MLC
Dead-weight 
capacity 
(tons)

Turnaround time

Right-bank 
approach 
condition
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document. Some maps will already show a ferry serial number. Use
this number for your recon. If you do not find a number, record a
number according to the unit’s SOP.

• The type of ferry (V for vehicular and P for pedestrian) is shown after
the serial number. If the ferry can haul vehicles, it can also haul
pedestrians.

• The deck’s MLC is placed in the bottom left box of the symbol. Most
ferries have this information on their data plate.

• The dead-weight capacity of the ferry is the MLC plus the actual
weight of the ferry, in short tons.

• The turnaround time is shown by the number of minutes required to
cross the water obstacle, unload, and return.

When drawing the approach-condition portion of the symbol, pay attention to
the direction of stream flow. Left and right banks are determined by looking
downstream. Approach conditions are determined in the same manner as for
fords. A difficult approach is shown by irregular lines placed on the
corresponding side of the basic symbol. 

A question mark is substituted for unknown or undetermined information.
Detailed ferry recon information is recorded on DA Form 1252 (see Figures
5-31 and 5-32, pages 5-37 and 5-38). 

MILITARY FERRY AND RAFTING
Recon personnel will be required to locate and report suitable sites for
military rafting or ferrying operations. Military floating bridges are presently
available for such operations. Desirable site characteristics are—

Figure 5-30. Sample ferry symbols

2 P

? 8

12

4 VP

60 ?

20

3 VP

60 100

18

Ferry #2 is a pedestrian ferry with MLC 
of deck unknown, 8-ton dead-weight 
capacity, 12-minute turnaround time,  
and a difficult left-bank approach.

Ferry #4 is a vehicular and pedestrian ferry
with MLC of deck 60, unknown dead-weight
capacity,a 20-minute turnaround time, and 
a difficult right-bank approach.

Ferry #3 is a vehicular and pedestrian 
ferry with MLC of deck 60, 100-ton 
dead-weight capacity, 18-minute 
turnaround time, and difficult 
approaches on both banks.
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Figure 5-31. Sample Ferry Reconnaissance Report (front)

SAMPLE
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Figure 5-32. Sample Ferry Reconnaissance Report (back)

SAMPLE
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• Current velocity between 0 and 1.6 meters per second.

• Banks that permit loading without a great deal of preparation.

• Approaches that permit easy access and egress.

• Strong, natural holdfasts.

• Sites with no shoals, sandbars, or snags.

• Sites clear of obstacles immediately downstream.

• Sites clear of mines and booby traps.

• Sites with enough depth to prevent grounding the raft or ferry during
loading and unloading operations or when crossing.

• Suitable raft-construction sites (dependent on type of raft).

• Holding areas for vehicles awaiting passage.

• A suitable road network to support crossing traffic.

NOTE: Refer to FM 90-13 for rafting operations.

ROAD RECON PROCEDURE
Perform a technical road recon to determine the traffic capabilities of a road
within a route. In general, a road consists of a road surface, base course, and
subgrade (see Figure 5-33).

BASE COURSE AND SUBGRADE

The base course and subgrade are the intermediate fill. They are usually composed of gravel or 
crushed rock. Soils may form the subgrade. See Tables 5-3 and 5-4, pages 5-40 through 5-42.   

Figure 5-33. Parts of a road

Through cut

Side-hill cut

Shoulder

Culvert Traveled
way

Surface or wearing course

Subgrade

Fill
Base
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Table 5-3. Soil characteristics of roads and airfields

Major Divisions Letter Name
Field
CBR

Coarse-
grained 
soils

Gravel 
and 
gravelly 
soils

GW
Well-graded gravels or gravel-sand mixtures, little 
or no fines

60-80

GP
Poorly graded gravels or gravel-sand mixtures, 
little or no fines

25-60

GM

d1

Silty gravels, gravel-sand-silt mixtures

40-80

u2 20-40

GC Clayey gravels, gravel-sand-clay mixtures 20-40

Sand and 
sandy 
soils

SW
Well-graded sands or gravelly sands, little or no 
fines

20-40

SP
Poorly graded sands or gravelly sands, little or no 
fines

10-25

SM

d1

Silty sands, sand-silt mixtures

20-40

u2 10-20

SC Clayey sands, sand-clay mixtures 10-20

Fine-
grained 
soils

Silts and 
clays 
(liquid 
limits <50)

ML
Inorganic silts and very fine sands, rock flour, 
silty or clayey fine sands, or clayey silts with 
slight plasticity

5-15

CL
Inorganic clays of low to medium plasticity, 
gravelly clays, sandy clays, silty clays, lean clays

5-15

OL
Organic silts and organic silt-clays of low 
plasticity 

4-8

Silts and 
clays 
(liquid 
limits >50)

MH
Inorganic silts, micaceous or diatomaceous fine 
sandy or silty soils, elastic silts

4-8

CH Inorganic clays of high plasticity, fat clays 3-5

OH
Organic clays of medium to high plasticity, 
organic silts

3-5

Highly organic soils Pt Peat and other highly organic soils

1Indicates liquid limit is 28 or less, and plasticity index is 6 or less.
2Indicates liquid limit is 28 or greater.
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Table 5-3. Soil characteristics of roads and airfields (continued)

Letter
Value as Foundation
When Not Subject to

Frost Action 3

Value as Base
Directly Under

Bituminous Pavement

Potential
Frost

Action 4

Compressibility
and

Expansion

Drainage
Characteristics

GW Excellent Good
None to 
very 
slight

Almost none Excellent

GP Good to excellent Poor to fair
None to 
very 
slight

Almost none Excellent

GM

d1 Good to excellent Fair to good
Slight to 
medium Very slight Fair to poor

u2 Good Poor
Slight to 
medium Slight

Poor to 
practically 
impervious

GC Good Poor Slight to 
medium

Slight
Poor to 
practically 
impervious

SW Good Poor
None to 
very 
slight

Almost none Excellent

SP Fair to good Poor to not suitable
None to 
very 
slight

Almost none Excellent

SM

d1 Good Poor
Slight to 
high

Very slight Fair to poor

u2 Fair to good Not suitable
Slight to 
high

Slight to medium
Poor to 
practically 
impervious

SC Fair to good Not suitable 
Slight to 
high

Slight to medium
Poor to 
practically 
impervious

ML Fair to poor Not suitable
Medium 
to very 
high

Slight to medium Fair to poor

CL Fair to poor Not suitable
Medium 
to high

Medium
Practically 
impervious

OL Poor Not suitable
Medium 
to high

Medium to high Poor

MH Poor Not suitable
Medium 
to high

High Fair to poor

CH Poor to very poor Not suitable Medium High
Practically 
impervious

OH Poor to very poor Not suitable Medium High
Practically 
impervious

Pt Not suitable Not suitable Slight Very high Fair to poor

3Values are for subgrades and base courses except for base courses under bituminous pavement.
4Indicates whether these soils are susceptible to frost.
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Table 5-4. Principal soil types

Name Description

Gravel
A mass of detached rock particles, generally waterworn, which passes a 
3-inch sieve and is retained on a No. 4 sieve (0.187 inches).

Sand

Granular material composed of rock particles which pass a No. 4 sieve 
(0.187 inches) and are retained on a No. 200 sieve (0.0029 inches).  It is 
difficult to distinguish sand from silt when the particles are uniformly small.  
Dried sand, however, differs from silt in that it has no cohesion and feels 
grittier.

Silt

A fine, granular material composed of particles which pass the No. 200 
sieve (0.0029 inches).  It lacks plasticity and has little dry strength.  To 
identify, prepare a pat of wet soil and shake it horizontally in the palm of 
the hand.  With typical inorganic silt, the shaking action causes water to 
come to the surface of the sample, making it appear glossy and soft.  
Repeat tests with varying moisture contents.  Squeezing the sample 
between the fingers causes the water to disappear from the surface and 
the sample quickly stiffens and finally cracks or crumbles.  Allow sample to 
dry, test its cohesion, and feel by crumbling with the fingers.  Typical silt 
shows little or no dry strength and feels only slightly gritty in contrast to the 
rough grittiness of fine sand.

Clay

Extremely fine-grained material composed of particles which pass the No. 
200 sieve (0.0029 inches).  To identify, work a sample with the fingers, 
adding water when stiffness requires.  Moist sample is plastic enough to 
be kneaded like dough.  Test further by rolling ball of kneaded soil between 
palm of hand and a flat surface.  Clay can be rolled to a slender thread, 
about 1/4 inch in diameter, without crumbling; silt crumbles, without 
forming a thread.  Measure hardness of dry clay by finger pressure 
required to break a sample.  It requires much greater force to break dry 
clay than dry silt.  Clay feels smooth in contrast to the slight grittiness of 
silt.

Organic

Soil composed of decayed or decaying vegetation, sometimes mixed with 
fine-grained mineral sediments such as peat or muskeg.  It is identified by 
coarse and fibrous appearance and odor.  Odor may be intensified by 
heating.  Plastic soils containing organic material can be rolled into soft, 
spongy threads.
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ROAD-CAPACITY COMPUTATIONS

The charts that follow will help give you an accurate estimation of the load-
bearing capacity of a road with flexible pavement. Tables 5-3 (pages 5-40 and
5-41), 5-4 (page 5-42), and 5-5 and Figure 5-34 (page 5-44) will help determine
the road’s load-bearing capacity. The load-bearing capacity of a road for
wheeled vehicles is made by measuring the thickness of the surface and base
course and by determining the type of subgrade material. 

ROAD-CLASSIFICATION FORMULA

The road-classification formula is a systematic way of describing the worst
section of a road. Do not confuse it with the route-classification formula.
Recorded information from the road-classification formula is included in the
route-classification formula. The following paragraphs describe each portion
of the formula shown below:

B g s  4 / 5   r   (8 km)  (OB)  (T)
 (1)     (2)    (3)     (4)     (5)     (6)

(1) Limiting characteristics. Prefix the formula with “A” if there are no
limiting characteristics and “B” if there are one or more limiting
characteristics. Represent an unknown or undetermined characteristic by
a question mark, together with the feature to which it refers. In the
example above, the letter g indicates steep gradients and the letter s
indicates a rough surface (see Table 5-6, page 5-44).  

(2) Minimum traveled-way width. Express this width in meters followed
by a slash and the combined width of the traveled way and the shoulders.
In the example above, the minimum traveled way is 4 meters and the
combined width is 5 meters.

Table 5-5. Maximum axle and wheel loads for wheeled vehicles

Hypothetical Vehicle
Class Number

Maximum Single-Axle
Load (in tons)

Maximum Single-Wheel
 Load (in pounds x 1,000)

4 2.5 2.5

8 5.5 5.5

12 8.0 8.0

16 10.0 10.0

20 11.0 11.0

24 12.0 12.0

30 13.5 13.5

40 17.0 17.0

50 20.0 20.0

60 23.0 20.0

70 25.5 20.0

80 28.0 20.0

90 30.0 20.0

100 32.0 20.0

120 36.0 20.0

150 42.0 21.0
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Figure 5-34. Load-bearing capacity of roads with a flexible surface

Table 5-6. Symbols for limiting characteristics

Limiting
Characteristics

Criteria Symbol

Sharp curves
Sharp curves with radius of 25 meters and less (82 ft); are 
also reported as obstructions

c

Steep gradients
Steep gradients, 7 percent or steeper; such gradients are 
also reported as obstructions

g

Poor drainage
Inadequate ditches, crown or camber, or culverts; culverts 
and ditches blocked or otherwise in poor condition

d

Weak 
foundation

Unstable, loose, or easily displaced material f

Rough surface
Bumpy, rutted, or potholed to an extent likely to reduce 
convoy speeds

s

Excessive 
camber or 
superelevation

Falling away so sharply as to cause heavy vehicles to skid or 
drag toward shoulders

j
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(3) Road-surface material. Express this with a letter symbol. The formula
above describes the surface material as r, meaning water-bound macadam.
Use the symbols listed in Table 5-7; they are further related to the X, Y,
and Z route types of the route classification described earlier in route-
recon procedures.

(4) Road length. Express the road length in kilometers and place in
parentheses.

(5) Obstructions.  Indicate any obstructions along a road by placing the
symbol “OB” after the road length, as shown in the example above. Details
of the obstructions are not shown in the formula; they are reported
separately by appropriate symbols on accompanying maps or overlays or
on DA Form 1248. Report the following obstructions:

• Overhead obstructions (less than 4.3 meters over the route).

• Constrictions in traveled-way widths less than 6 meters for single-flow
traffic or less than 8 meters for double-flow traffic (tracked or
combination vehicles [see Table 5-1, page 5-5]).

• Slopes of 7 percent or greater.

• Curves with a radius of less than 25 meters (report curves of 25.1 to 45
meters).

(6) Blockage. If blockage is regular, recurrent, and serious, then the effects
of snow blockage and flooding are indicated in the road-classification

Table 5-7. Symbols for type of surface materials

Symbol Material Route Type

k Concrete Type X; generally heavy duty

kb
Bituminous (asphaltic) concrete (bituminous plant 
mix)

Type X; generally heavy duty

p Paving brick or stone Type X or Y; generally heavy duty

pb Bituminous surface on paving brick or stone Type X or Y; generally heavy duty

rb
Bitumen-penetrated macadam, water-bound 
macadam with superficial asphalt or tar cover

Type X or Y; generally medium 
duty

r
Water-bound macadam, crushed rock or coral or 
stabilized gravel

Type Y; generally light duty

l Gravel or lightly metaled surface Type Y; generally light duty

nb
Bituminous surface treatment on natural earth, 
stabilized soil, sand-clay, or other select material

Type Y or Z; generally light duty

b
Used when type of bituminous construction cannot 
be determined

Type Y or Z; generally light duty

n
Natural earth stabilized soil, sand-clay, shell, 
cinders, disintegrated granite, or other select 
material

Type Z; generally light duty

v Various other types not mentioned above

Classify X, Y, or Z depending on 
the type of material used 
(indicate length when this symbol 
is used).
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formula. The symbol for snow blockage is “T” and the symbol for frequent
flooding is “W.”

EXAMPLES OF THE ROAD-CLASSIFICATION FORMULA

A sample Road Reconnaissance Report is shown in Figures 5-35 and 5-36,
pages 5-47 and 5-48. The following are examples of the road-classification
formula: 

• A 5.0/6.2k—road with no limiting characteristics or obstructions, a
minimum traveled way of 5.0 meters, a combined width of traveled
way and shoulders of 6.2 meters, and a concrete surface.

• B g s 4/5 1 (OB)—road with limiting characteristics of steep gradients
and a rough surface, a minimum traveled way of 4 meters, a combined
width of 5 meters, gravel or lightly metaled surfaces, and obstructions.

• B c (f?) 3.2/4.8 p (4.3km) (OB) (T)—road with limiting
characteristics of sharp curves and unknown foundation, a minimum
traveled way of 3.2 meters, a combined width of 4.8 meters, paving
brick or stone surface, obstructions and that is 4.3 kilometers
longsubject to snow blockage.

NOTES: 

1. Where rock slides are a hazard or poor drainage is a problem,
include information on a written enclosure or legend.

2. DA Form 1248 is primarily self-explanatory. However, ensure that a
new classification formula is entered each time the road changes
significantly, as depicted in Figure 5-36.

BRIDGE-CLASSIFICATION RECON

A bridge recon must take place to ensure that commanders know what bridge
load-carrying capabilities are along a certain route or what material is needed
to destroy a bridge. Engineers are responsible for reconning all bridges.

REQUIRED BRIDGE INFORMATION FOR CLASSIFICATION PROCEDURES

This manual reviews the basics of hasty bridge load-classification procedures
and recon procedures for bridge destruction. Appendix B references hasty
bridge classification. (Refer to FM 5-446 for a complete discussion of bridge-
classification procedures.) The Sheffield Method for bridge destruction is
discussed in FM 5-250.

The method of bridge load classification covered in Appendix B is adequate for
most bridge recons. It allows vehicle operators to avoid bridge failure by
determining what can cross the bridge without causing damage. Vehicle
operators may cross without restrictions if their vehicle’s load class (including
the load) is less than or equal to the bridge’s load class. The vehicle’s load class
can be found in the vehicle’s TM. 
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Figure 5-35. Sample Road Reconnaissance Report (front)

SAMPLE
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Figure 5-36. Sample Road Reconnaissance Report (back)

SAMPLE
5-48 Route Classification



FM 5-170
Appendix B covers the most common bridges in existence today, including a—

• Timber or steel trestle bridge with timber deck.

• Steel-stringer bridge with concrete deck.

• Concrete steel-stringer bridge.

• Concrete T-beam bridge with asphalt surface.

• Masonry arch bridge.

REQUIRED INFORMATION

To classify a bridge (see Appendix B), you must know the information
concerning the bridge’s basic components, including the following:

• Approaches (the portions of a route leading to a bridge).
Approaches may be mined or booby trapped, requiring thorough
investigation during a recon. 

• Substructure (lower part of a bridge). The substructure consists
of the abutments and intermediate supports that transfer the bridge’s
load to the ground. It is important to measure all aspects of an
abutment, including its height, width, and length; the abutment
wings; and the intermediate supports for bridge demolition missions.
It may be more feasible to destroy the intermediate supports or
abutments when compared to the rest of the bridge structure.

• Superstructure (the upper part of a bridge). The superstructure
consists of the following components (see Figure 5-37, page 5-50):

— Stringers rest on and span the distance between the intermediate
supports or abutments. Stringers are the superstructure’s main
load-carrying members. They receive the load from the flooring
and the vehicles and transfer it to the substructure.

— The flooring system often consists of both decking and tread. The
decking is laid directly over the stringers at right angles to the
centerline of the bridge. The tread is laid parallel to the centerline
of the bridge and between the curbs.

— Curbs are placed at both edges of the flooring to guide the vehicles.
A vehicle with an axle that is wider than the traveled-way width
(between the curbs) cannot cross the bridge. Most bridges,
however, allow for vehicular overhang beyond the normal traveled
area. This allowance is called horizontal clearance above the curbs
and is a safety factor. Commanders must perform a risk analysis
before attempting such a crossing.

— Railings along the bridge are built to guide drivers and to protect
vehicular and foot traffic.

— Trusses are used in some bridge superstructures, either above or
below the traveled way, to increase the load-carrying capacity. A
truss is a structural element made of several members joined
together to form a series of triangles.
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— The number of members in each span is noted where applicable
(for example, stringer bridges and concrete T-beam bridges). Exact
dimensions of specific bridge members are taken as outlined later
in this chapter.

— The span length is measured from center to center of the supports.
The bridge’s classification is usually based on the weakest span. If
the weakest span is apparent, no other spans need to be reconned.
However, if the weakest span is difficult or impossible to locate, all
spans must be classified. Even if several spans look identical,
actual measurements should be taken to prevent error.

Figure 5-37. Bridge parts

Superstructure
 (upper part)

Superstructure
 (lower part)

Truss

Decking

Curb
Handrail

Tread

Abutment

Intermediate 
support

Stringer

Truss Truss

Traveled way

Fill

Abutment Abutment

Cut

b

a ad

c c

a = Approach
b = Overall length
c = Span length, bearing to bearing
d = Length, abutment to abutment

Intermediate
support
5-50 Route Classification



FM 5-170
— The traveled-way width is measured between the inside faces of
the curbs. However, the horizontal clearance on a truss bridge is
measured from a point 1.21 meters above the roadway.

BRIDGE CONDITION

It is essential to note the bridge’s general condition, paying particular
attention to evidence of damage from natural causes (rot, rust, and
deterioration) or combat action. Classification procedures presume that a
bridge is in good condition. If the bridge is in poor condition, the class obtained
from mathematical computations must be reduced according to the classifier’s
judgment.

WIDTH AND HEIGHT RESTRICTIONS

Table 5-8 lists width restrictions for bridges. If a one-lane bridge does not meet
width requirements, post a rectangular warning sign under the classification
sign showing the actual clear width (see Figure 5-38, page 5-52). If this is a
route restriction, annotate it in the route-classification formula. For a two-
lane bridge, downgrade the two-way classification to the highest class for
which it does qualify (one-way class is not affected). Post a limited-clearance
sign if the overhead clearance is less than 4.3 meters. These signs must be a
minimum of 40 centimeters in height or width, with a yellow background, and
the appropriate description in black letters. Separate rectangular signs are
used if necessary to denote width limitations, height limitations, or other
technical information. The same signs are used for tunnels, if applicable. 

BRIDGE TRAFFIC-CONTROL PROCEDURE

Posting standard bridge signs and other signs needed for proper and efficient
traffic control across a bridge is an engineer’s responsibility. Additional signs
are used when it is necessary to warn vehicles that require special controls
while crossing. When necessary, holding areas, turnouts for parking and
unloading vehicles, and checkpoints are installed near bridges to provide the
necessary control during crossings.

Table 5-8. Minimum roadway widths

Roadway Width
(meters)

Bridge Classification

One-Way Two-Way

2.75 to 3.34 12 0

3.35 to 3.99 30 0

4 to 4.49 60 0

4.5 to 4.99 100 0

5 to 5.4 150 0

5.5 to 7.2 150 30

7.3 to 8.1 150 60

8.2 to 9.7 150 100

Over 9.8 150 150

NOTE:  Minimum overhead clearance for 
all classes is 4.3 meters
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FULL NORTH ATLANTIC TREATY ORGANIZATION (NATO) BRIDGE SYMBOL

Bridge information is recorded on a map or overlay by using the full NATO
bridge symbol (see Figure 5-39). It is different from an on-site bridge-
classification sign; do not confuse the two. The information necessary for the
full bridge symbol includes the—

• Bridge’s serial number.

• Geographic location.

• Bridge’s MLC.

• Overall length.

• Traveled-way width.

• Overhead clearance.

• Available bypasses.

A bridge serial number is assigned for future reference and is recorded in the
symbol’s lower portion (assign a number according to the unit’s SOP). For
proper identification, do not duplicate serial numbers within any one map
sheet, overlay, or document. The unit’s S2 can obtain special maps containing
bridge information for developed areas of the world.

Figure 5-38. Width and height signs
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The bridge’s geographic location is shown by an arrow extending from the
symbol to the exact map location. The bridge’s MLC number is shown in the
symbol’s top portion. This number indicates the bridge’s carrying capacity;
classifications for both single- and double-flow traffic are included. In those
instances where dual classifications for wheeled and tracked vehicles exist,
both classifications are shown.

The bridge’s overall length is the distance between abutments, measured
along the bridge’s centerline. This figure is placed to the right of the circle and
is expressed in meters.

The minimum lane width is the clear distance between curbs. Place this figure
below the symbol and express it in meters. Bridges may be obstructions to
traffic flow because the traveled-way width of the overall route may be
reduced on the bridge to below the minimum standards prescribed in Table
5-1, page 5-5.

The overhead clearance is the minimum distance between the bridge’s surface
and any obstruction above it. This figure is shown (in meters) to the left of the
symbol. Underline any overhead clearance less than the minimum required by
the bridge class number (see Table 5-9, page 5-54). Unlimited overhead
clearance is indicated by the symbol ∞. Often a telltale (see Figure 5-40, page
5-54) or other warning device is placed before the bridge to indicate overhead-
clearance limitations. Report any overhead clearance less than 4.3 meters as
an obstruction in the route-classification formula. A question mark is used to
indicate information that is unknown or undetermined and is included as part
of the bridge recon symbol. See Appendix E for signs used to mark roads and
bridges. 

Railway bridges, which could be used by road vehicles in an emergency, are
indicated as use easy or use difficult. Samples of the full NATO bridge symbol
used to indicate a railway bridge can be found in the glossary. 

Figure 5-39. Full NATO bridge symbol
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NOTE: A railroad bridge is considered to be easy to adapt for use if it
can be adapted in less than 4 hours with 35 soldiers and the
appropriate resources.

THE BRIDGE RECONNAISSANCE REPORT

A systematic bridge recon obtains valuable data. However, this data will not
benefit anyone unless it is recorded in an organized manner. Use DA Form
1249 to report information concerning any reconned bridge, as follows:

• Column 1. Record the assigned serial number. This number matches
the serial number used in the bridge symbol of the route-classification
overlay.

• Column 2. Record the grid coordinates, with the map identifier, of the
actual bridge site.

• Column 3. Record horizontal clearance information, in meters.
Horizontal clearance is the clear distance between the inside edges of
the bridge structure, measured at a height of 0.3 meter above the
surface of the traveled way and upwards. However, horizontal
clearance for truss bridges is measured 1.21 meters above the traveled
way. Any horizontal clearance less than the minimum required for the
bridge’s roadway width (as shown in Table 5-8, page 5-51) is
underlined. Unlimited clearance is indicated by the symbol ∞.

• Column 4. Record under-bridge clearance, in meters. It is the clear
distance between the underside of each span and the surface of the
water. The height above the streambed and the height above the

Table 5-9. Minimum overhead clearance for bridges

Bridge
Classification

Minimum Overhead
Clearance

Up to 70 4.5 meters

Above 70 4.5 meters

Figure 5-40. Telltale

3" IF YOU HIT TELLTALE, 
YOU CANNOT CROSS 

BRIDGE.

TURNOUT
AHEAD
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estimated normal water level (pertaining to the appropriate bridge
type) are included in this column for each span.

• Column 5. Record the number of spans. Spans are listed in sequence
starting from the west. If the bridge is oriented more north to south,
start with the northern most span and work south. Place the letter N
in column 5 before the span and list in sequence.

• Column 6. Record the type of span construction. Refer to the
diagrams in Figure 5-41, page 5-56, and Table 5-9 for this information.

• Column 7. Record the type of construction material. Refer to Table
5-10 for this information. 

• Column 8. Record span length, in meters. This is a center-to-center
spacing between bearings. The sum of the span length may not equal
the overall length. Spans that are not usable because of damage or
destruction are indicated by the pound symbol (#), placed after the
dimension of the span length. Spans that are over water are indicated
by placing the letter W after the dimension of the span length (see
Figure 5-42, page 5-57).

Table 5-10. Construction material

Material of Span Construction Letter Symbol

Steel or other metal a

Concrete k

Reinforced concrete ak

Prestressed concrete kk

Stone or brick p

Wood h

Other (to be specified by name) o
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Figure 5-41. Typical bridge spans
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Figure 5-42. Sample Bridge Reconnaissance Report with full NATO symbol

SAMPLE
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OTHER INFORMATION

When an abbreviated bridge symbol is used or when a recon mission requires
it, columns are added to give the MLC, overall length, roadway width,
overhead clearance, and bypass possibilities (specify use easy, use difficult, or
use impossible). Do not forget to indicate whether the bridge is simply
supported or continuous (see Figure 5-43).

Figure 5-43. Sample Bridge Reconnaissance Report with abbreviated bridge symbol

SAMPLE
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BRIDGE SKETCHES

Show as much information as possible when sketching the bridge on the
backside of DA Form 1249 (see Figure 5-44). 

Figure 5-44. Sample bridge sketch on Bridge Reconnaissance Report

SAMPLE
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BYPASSES

Bypasses are detours along a route allowing traffic to avoid an obstruction.
Bypasses limited to specific vehicle types, such as those capable of swimming
or deep-water fording, are noted on the recon report. Bypasses are classified as
easy, difficult, or impossible. Each type of bypass is represented symbolically
on the arrow extending from the tunnel, ford, bridge, or overpass symbol to
the map location (see Table 5-11).

A bypass is considered easy when the obstacle can be crossed within the
immediate vicinity by a 5-ton vehicle without work to improve the bypass. The
bypass is considered difficult when the obstacle can be crossed within the
immediate vicinity; however, some work is necessary to prepare the bypass
(ensure that the estimation of time, troops, and equipment necessary to
prepare the bypass is included on the recon report). The bypass is considered
impossible when the obstacle can be crossed only by repairing the existing
bridge or tunnel, building a new bridge or tunnel, or providing a detour.

Table 5-11. Bypass symbols

Bypass easy. Use when the obstacle can be 
crossed in the immediate vicinity by a US 5-ton 
truck without work to improve the bypass.

Bypass difficult. Use when the obstacle can be 
crossed in the immediate vicinity, but some work to 
improve the bypass is necessary.

Bypass impossible. Use when the obstacle can be 
crossed only by repairing or constructing a feature 
or by detouring around the obstacle.
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Chapter 6

Combat Support

This chapter is applicable to all types of recon activities in which the recon
team will be working with other CS elements.

An engineer recon team must take full advantage of available CS assets to
accomplish its mission and reduce its vulnerability on the battlefield. CS
may be provided by mortars, field artillery (FA), ADA, GSR, and aviation
assets. None of these assets are organic to the engineer battalion but may
be available through the brigade or TF. Engineer scouts must understand
the capabilities and limitations of these CS assets.

INDIRECT-FIRE SUPPORT

Mortars and FA are the primary means of indirect-fire support available to
recon teams on the battlefield. Engineer recon teams may request fires to—

• Assist in disengaging from the enemy.

• Provide harassing fire on enemy engineers emplacing obstacles.

• Cover movement.

The FSOs at TF and brigade levels plan and coordinate indirect fires. In
addition to understanding the capabilities and limitations of these assets,
engineer scouts must know what fire-request channels to use to request fires.
FM 6-30 explains how to call for and adjust fires.

MORTAR SUPPORT

A 4.2-inch mortar platoon of six tubes is organic to armor and mechanized-
infantry battalions. A 4.2-inch mortar section is organic to the armored
cavalry troop (two tubes) and division cavalry troop (three tubes). The 4.2-inch
mortar has a maximum effective range of 6,740 meters.

The 120-mm mortar is replacing the 4.2-inch mortar system in the
mechanized infantry and armor battalions. The rates of fire per tube are a
maximum of 15 rounds per minute (rpm) for 1 minute with a sustained rate of
4 rpm. The system weighs 320 pounds and the round weighs 33 pounds. The
ranges of the various rounds for the M120 are shown in Table 6-1.

Table 6-1. M120 ranges

Ranges Minimum Maximum

HE M57 200 m 7,200 m

WP M68 200 m 7,200 m

ILLUM M91 200 m 7,100 m
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Mortars provide indirect-fire support that is immediately responsive to the
recon team’s needs. They can provide a heavy volume of accurate, sustained
fires. They are ideal weapons for attacking targets on reverse slopes; in
narrow ravines or trenches; and in forests, towns, and other areas that are
difficult to strike with low-angle fires.

Capabilities

In support of an engineer recon team, a mortar platoon can—

• Provide fast response times.

• Provide destructive target effects.

Limitations

Mortars are limited because—

• They have only short-range capability.

• There are limited types of ammunition available.

• Mortar elements can carry only limited amounts of ammunition.

• Their fire-direction center (FDC) and tubes are not directly linked to
the supporting field artillery’s FDC.

Available Munitions

A wide variety of munitions can be employed with mortars, including—

• High-explosive (HE) rounds. HE rounds can be used to force the
enemy to button up or move to less advantageous positions. However,
HE mortar rounds will not destroy armored vehicles unless a direct
hit is achieved.

• Smoke. White-phosphorous (WP) rounds are used for obscuration and
screening. Mortar smoke builds up faster than artillery smoke;
however, it also dissipates much faster. Obscuration is achieved by
placing smoke on or near enemy positions where the wind will cause it
to obscure their vision. Screening is achieved by placing smoke
between the enemy and the recon team’s position to conceal
movement. Mortar smoke is also used to mark enemy positions to
orient direct fires. Scouts cannot allow smoke to work against them by
marking their own positions for enemy gunners.

• Illumination (illum). Illumination rounds are used to light an area
or enemy position during periods of limited visibility. Ground-burst
illumination is used to mark enemy positions and to provide a thermal
target reference point (TRP) for controlling fires. Scouts must take
care not to illuminate friendly positions. Also, because US night-vision
devices are superior to  those of  most potential adversaries,
i l lumin at ing  th e  bat t le f ie ld  may  be  unn ecessar y  or  ev en
counterproductive.

FIELD ARTILLERY

Recon teams must fully understand how to use artillery support to their best
advantage. It is often their primary means of impeding and disrupting enemy
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formations and suppressing enemy positions. FA support can provide
immediate, responsive, accurate fires with a wide variety of munitions.

FA support is normally provided by an artillery battalion in DS of a committed
maneuver brigade or an armored cavalry regiment (ACR) or a squadron. The
armored cavalry squadron also has its organic howitzer battery to provide
dedicated indirect-fire support. Recon teams generally receive FA support
through the FSO.

Capabilities

In support of the engineer recon team, FA elements can—

• Provide fire support in all weather conditions and types of terrain.

• Shift and mass fires rapidly.

• Support the battle in depth with long-range fires.

• Provide a variety of conventional shell and fuze combinations.

• Provide continuous fire support by careful positioning and timely
displacement.

• Maintain the same mobility as the supported unit.

Limitations

FA support has the following limitations:

• Limited capability against moving targets.

• Limited capability to destroy point targets without considerable
ammunition expenditure.

• Vulnerability to detection by enemy target-acquisition systems
because of its firing signature.

Available Munitions

The FA employs a wide variety of munitions that can be tailored for the
engagement of different types of targets. These ammunition types include—

• HE—for use against personnel, field fortifications, and vehicles.

• Smoke—for obscuration, screening, signaling, and marking.

• Illumination—for lighting an area or enemy position during periods of
limited visibility.

• Cannon-launched guided projectiles (Copperhead rounds)—for use
against armored vehicles.

• Improved conventional munitions (ICM) (for AP use) and DPICM (for
use against personnel and light armored vehicles in the open). The
danger to friendly troops in areas where AP munitions are fired must
be considered.

• SCATMINEs (including area-denial munitions)—for use against
personnel and remote antiarmor mines for use against armored
vehicles.
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FIRE-SUPPORT TEAM (FIST)

A FIST is attached to companies or troops for combat operations. It may be
task-organized to a TF scout platoon to support security operations when on-
target designation is required for special munitions engagements. However,
the FIST is a valuable resource because of its C2 link with the artillery; it
should not be exposed to direct fires except when absolutely necessary. A FIST
is organized, equipped, and trained to provide—

• A fire-support advisor and coordinator.

• A communications link to all available fire support.

• On-the-spot support for infantry companies (10-man teams) or for
armor companies and cavalry troops (4-man teams).

The armor/mechanized infantry FIST normally monitors the following radio
nets:

• The attached unit’s command net (battalion, company, or scout
platoon).

• The battalion’s mortar fire-direction net.

• The DS battalion’s fire-direction net (digital).

• The battalion’s fire-support net (voice).

The armored cavalry troop FIST normally monitors the following radio nets:

• The troop’s command net.

• The troop’s fire-support net.

• The supporting artillery’s fire-direction net (voice and digital).

• The squadron’s fire-support net.

The FIST serves as the net control station (NCS) for the troop’s fire-support
net. The FSE serves as the NCS on the maneuver battalion’s fire-support net.
The FIST relays the call for fire to supporting artillery on a digital net or
sends the fire mission to the mortar platoon or section. The command net
allows the FIST to monitor operations. It links the FIST to the commander
and platoon leaders for planning and coordination.

FIRE-REQUEST CHANNELS

The following paragraphs describe possible fire-request channels the recon
team may use under various command or support relationships. Given the
numerous possible uses of engineer recon teams and command or support
relationships, all possible situations are not discussed. The recon team leader
must clearly understand the fire-request channel he will be using and who
will clear his request for fires.

Engineer Recon Team Working Under Brigade Control

There are several ways that an engineer recon team can request indirect fire
while under brigade control. The brigade’s SOP or OPORD should specify
which method it will use. The engineer recon team leader must coordinate
with the brigade’s FSO/FSE on which methods will be used.
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The team can send requests for artillery fire to the recon leader (someone the
brigade has put in control of all recon assets working under brigade control) or
directly to the FA battalion on a fire-direction net. The FSE monitors the
requests (see Figure 6-1).

Requests for indirect fire can also be sent through the COLT, which has a
secondary mission of processing these requests. The COLT monitors the net
designated in the OPORD and handles the fire request and subsequent
adjustments as a normal FIST. It has the primary mission of lazing targets for
Copperhead rounds and close air support (CAS). A COLT can enter the lazing
information directly into fire-support channels. A COLT is organic to each of
the three DS 155-mm FA battalions of the armor and mechanized infantry
and to the howitzer battery of the armored cavalry squadron. The cavalry

Figure 6-1. Possible methods to request fire while under brigade control
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squadron has one organic COLT. From company/troop to brigade level, a COLT
is placed under the control of a fire-support coordinator to augment the FIST’s
lazing capability and to function as a dedicated observation platform.

Engineer Recon Team Working in a TF’s Area or Under a TF’s Control

There are several ways that an engineer recon team can request indirect fire
while working in a TF’s area or under a TF’s control. The TF’s SOP or OPORD
should specify which method it will use. The engineer recon team leader must
coordinate with the TF FSO/FSE on which methods will be used.

The team can send requests for mortar fire to the scout platoon leader or
directly to the mortar platoon on the battalion’s heavy mortar net. The FSE
monitors the requests (see Figure 6-2).

Figure 6-2. Possible methods to request fire from battalion mortars
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The team can send requests for artillery fire to the TF scout platoon leader or
directly to the FA battalion on a fire-direction net. The FSE monitors the
requests (see Figure 6-3).

Engineer Recon Team Working with a Cavalry Squadron or Under Troop Control

A recon team working under squadron control would request fire the same
way as if it were under brigade control (see Figure 6-1, page 6-5). However, if
the recon team is placed under a troop’s control, the call for fire changes
slightly. When working for or with an armored cavalry troop, requests for all
indirect-fire support normally goes through the troop FIST on the troop’s fire-
support net. The FIST selects the best available fire support to engage the
target. If the FIST passes the fire mission to the troop mortar platoon, the
recon team sends all adjustments of the fire mission directly to the mortar

Figure 6-3. Possible methods to request fire from FA battalion
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Combat Support 6-7



FM 5-170
platoon (see Figure 6-4). If the FIST passes the fire mission to a supporting
artillery unit, the recon team sends all adjustments of the fire mission to the
FIST, who relays the message to the artillery unit on a digital fire-direction
net (see Figure 6-5).  

Figure 6-4. Possible methods to request fire from mortars
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Figure 6-5. Possible methods to request fire from artillery
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AIR DEFENSE

Air-defense assets are scarce; maneuver units cannot plan on always receiving
dedicated air-defense protection. Consequently, recon teams must be able to
protect themselves from enemy air attacks during all combat operations. Air-
defense measures include taking actions to avoid enemy air attack or to limit
the damage if attacked and, if necessary, fighting back.

PASSIVE AIR DEFENSE

Passive air defense is the team’s first line of defense against enemy air attack.
It includes all measures—other than active defense—taken to minimize the
effects of hostile air action. There are two types of passive air defense: attack
avoidance and damage-limiting measures.

Attack Avoidance

If an enemy pilot cannot find you, he cannot attack you. Recon teams use
concealment, camouflage, deception, and any other necessary action to
prevent the enemy from seeing them.

Team positions must provide effective concealment. When concealment is not
available, vehicles must be camouflaged to blend into the natural
surroundings. Track marks leading into the position must be obliterated. All
shiny objects that reflect light and attract attention must be covered.

Damage-Limiting Measures

Dispersion is one of the most effective ways to reduce the effects of enemy air
attack. When the team is on the move and air guards identify an enemy air
attack, vehicles disperse quickly, move to a concealed position if possible, and
stop (a stationary vehicle is more difficult to see than a moving one).

Another damage-limiting measure is using natural or man-made cover to
reduce the effects of enemy munitions. Folds in the earth, depressions,
buildings, and sandbagged positions can provide this protection.

ACTIVE AIR DEFENSE

Although passive measures are the first line of defense against an air attack,
a recon team must be prepared to engage enemy aircraft. The decision to fight
back against an air threat is based on the situation and the capabilities of the
organic weapon systems. All team members must understand the weapon-
control status. They can defend against direct attacks but cannot engage
aircraft that are not attacking them unless the weapon-control status allows
it.

Engineer scouts have several weapon systems (machine guns and small arms)
that can be used against aircraft. Engaging aircraft with volume fire is the
key to effectively using small-arms and machine-gun fires against an air
attack. These fires must be coordinated to be effective. Delivered on the team
leader’s command, they are directed at an aim point in front of the target;
gunners do not attempt to track the target. The rules for selecting the aim
point are listed in Table 6-2. They are simple and logical; they must be learned
and retained by everyone in the team.
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The three weapon-control statuses are—

• Hold—weapons are fired only in self-defense or in response to a
formal order.

• Tight—weapons are fired only at aircraft positively identified as
hostile.

• Free—weapons are fired at any aircraft not positively identified as
friendly.

The three air-defense warning conditions are—

• White—an air attack is not probable.

• Yellow—an air attack is probable.

• Red—an air attack is imminent or in progress.

AIR SUPPORT

The Air Force provides CAS, which can be employed to destroy large enemy
armor formations. CAS strikes are either preplanned (at TF or squadron level)
or requested on an immediate-need basis through the TF’s forward air
controller (FAC). The FAC on the ground or in the air acts as a link between
the ground element and the CAS aircraft.

Army air cavalry and/or attack helicopters are best equipped to coordinate
with Air Force assets in joint air-attack team (JAAT) and attack-helicopter
operations. The air cavalry can see the battlefield and the target better than
ground forces can, and it has the radio equipment needed to talk to Air Force
aircraft. The attack aircraft organic to the air cavalry can assist CAS aircraft
in suppressing the enemy ADA threat. Reference FMs 1-114 and 17-95-10 for
more information on using the Army air cavalry to assist in CAS operations.

Although planning normally begins at battalion/squadron level, a scout
platoon may be called on to provide information for CAS employment.
Engineer scouts should familiarize themselves with the procedures to call for
CAS. If CAS assets are working for the same TF/brigade that the recon team
is working for, the teams should provide suppressive fires on any known or
suspected enemy ADA locations.

Friendly positions should always be marked during close air strikes. Marking
is almost always necessary when friendly troops are within 300 meters of the
target. Resources for marking positions include the following:

Table 6-2. Selecting aim point

Type Aircraft Course Aim Point

Jet Crossing Two football fields in front of nose

Jet Overhead Two football fields in front of nose

Jet Directly at you Slightly above aircraft nose

Helicopter Crossing One-half football field in front of nose

Helicopter Hovering Slightly above helicopter body

Helicopter Directly at you Slightly above helicopter body
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• Smoke. The smoke grenade is the most commonly used marker, but it
has limitations. Wind may cause smoke to drift above trees, and some
colors can blend with the background. Violet or white smoke shows up
well with most backgrounds.

• Flares. Flares are good for attracting attention at night; they are
sometimes effective during the day.

• Mirrors. Signal mirrors are probably the best ground-to-air devices
for attracting attention. If the sun is shining and the operator is
skillful, pilots can see a mirror flash miles away. VS-17 signal panels
are also good visual references for pilots.

• Lights. Pocket-sized, battery-powered strobe lights produce brilliant
white or blue flashes at about 1 1/2-second intervals. The flash is
visible at night for 1 to 3 miles. Vehicle lights, such as an unshielded
red taillight, are visible to a pilot for several miles at night. Chemical
glow lights can be used to mark friendly positions. Another technique
that can be used at night is to tie an infrared or green chemical light
on a 10-foot string. When aircraft are in the area, a team member can
swing the rope in a circular motion to mark the location.

Evolving technology provides a more accurate, secure, and effective means of
supplementing or replacing traditional methods. Using a GPS will pinpoint a
position to avoid fratricide during CAS operations.

GROUND SURVEILLANCE RADAR

A GSR team can augment a recon team’s surveillance capability by detecting
targets and providing accurate range and azimuth readings to enemy
locations and obstacles during limited-visibility conditions. A team consists of
three soldiers, one AN/PPS-5 radar unit, and an APC or a HMMWV.

For combat operations, GSR teams are usually attached to TFs and
squadrons. The teams may be attached or under OPCON to companies/troops
or recon elements for specific missions. When GSR is attached or under
OPCON to a recon team, the team leader must plan its employment. 

CAPABILITIES AND LIMITATIONS

GSR teams provide mobile, all-weather battlefield surveillance. When
employed in pairs, they can provide observation from a given vantage point 24
hours a day.

The AN/PPS-5 has a line-of-sight range of 10,000 meters against vehicles and
6,000 meters against personnel. It  can detect targets through light
camouflage, smoke, haze, light snow and rain, and darkness. Foliage, heavy
rain, and snow seriously restrict its radar-detection capability.

GSR is designed to detect targets moving against a background. It is generally
ineffective against an air target unless the aircraft is flying close to the
ground. It is vulnerable to enemy direction-finding and jamming equipment.
The GSR team is normally equipped with a single radio. If forward with the
recon team, the GSR team should send all reports to the recon team.
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EMPLOYMENT

A GSR team should be assigned a specific sector of surveillance and frequency
of coverage. However, GSR cannot be used for continuous surveillance because
the enemy can detect radar signals. The tasks assigned to GSR teams in their
surveillance mission may include the following:

• Searching avenues of approach or possible enemy positions on a
scheduled or random basis to determine the location, size, and
composition of enemy forces and the nature of their activity.

• Monitoring point targets such as bridges, defiles, or road junctions and
reporting quantity, type, and direction of enemy vehicles and
personnel moving through the target area.

• Extending the recon team’s observation capabilities by enabling them
to survey distant points and areas of special interest.

GSR must be positioned in an area that is free of ground clutter (such as trees,
thick vegetation, and buildings) and that affords long-range observation and a
wide field of view. Normally, the team will be assigned a general area, and the
GSR team leader will select the specific position. To avoid enemy suppressive
fires, the team should be prepared for rapid displacement by selecting several
alternate positions ahead of time.

During a recon, GSR is best employed to the recon team’s flanks or oriented on
potential enemy locations. Since recon is a moving operation, the GSR teams
will have to move as necessary to support the team.

CHEMICAL

When in a nuclear, biological, and chemical (NBC) environment, NBC recon
elements can augment an engineer recon team’s operational capability by
providing NBC detection, warning, and sampling. The Fox (or its replacement)
is a high-speed, high-mobility, wheeled, armored carrier capable of performing
NBC recon on primary, secondary, or cross-country routes throughout the
battlefield. The basic item or equipment to perform NBC recon is the M93-
series NBC Reconnaissance System (NBCRS) or the Fox vehicle. A team
consists of one Fox vehicle with its crew; two Fox vehicles and their crews
compose a squad. NBC recon units are organic to the heavy division, the corps,
the ACR, and the light ACR.

Depending on the other assigned priorities, an NBC recon team may be
attached or under OPCON to an engineer battalion or a TF for specific
missions. The NBC recon team can significantly enhance the engineer recon
teams by being integrated into the overall R&S plan for monitoring NAIs. 

CAPABILITIES AND LIMITATIONS

An NBC recon team assists an engineer recon team and in turn provides the
maneuver force commander with information to maintain momentum and
flexibility and avoid contamination.

The team has the capability to—

• Conduct an NBC recon and survey while on the move.
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• Conduct an NBC recon mission without exiting the vehicle.

• Provide location data to better delineate contamination.

• Use a marking system that allows contamination to be marked
without exposing the crew.

• Cover large areas due to its mobility.

• Communicate digitally.

The team is limited because it—

• Is not heavily armored.

• Cannot conduct standoff chemical surveillance with the M21 Rascal
on the move.

• Does not have biological detection/identification capability.

The NBC recon team is equipped with the AN/VRC-89 and AN/VRC-90 radios
and can communicate with both the engineer recon team and the engineer
battalion or TF.

EMPLOYMENT

In an NBC environment, there are relatively sudden and drastic changes in
the tactical situation, including—

• Dispersion.

• Mobility.

• Decentralization of control.

• Rapid exploitation.

• Reduction of reaction time.

In this type of environment, route recon assumes even greater importance
than in conventional operations. Not only will more routes be required to
support operations, but the engineer recon team must be alerted to
widespread areas of contamination created by weapons of mass destruction.
NBC recon elements/teams will provide an effective means of alerting
engineer recon teams to these NBC hazards.

NBC recon performs five critical tasks on the battlefield: detect, identify,
mark, report, and sample. Detecting NBC hazards early will permit timely
warning of engineer recon teams preparing for or actually performing their
critical missions. Knowing that NBC hazards are present in a planned AO will
enable engineer recon personnel to avoid the area, take the appropriate
protection level, or treat casualties that may result, if required.

The tasks assigned to the NBC recon team in its support role of performing
route, zone, area, and point recon include the following:

• NBC route recon (a directed effort to obtain information on a specific
route). The team—

— Recons the assigned route and determines the location of any
contamination.
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— Locates and marks bypassed routes if contamination is
encountered.

— Reports and marks all NBC hazards along the route.

• NBC zone recon (a directed effort to obtain detailed information about
NBC hazards within a specified zone). The team—

— Recons all terrain within the zone for contamination.

— Locates all previously reported NBC attack areas and determines
if a hazard is still present.

— Locates all possible contamination within the zone.

— Checks all water sources for contamination.

— Marks contaminated areas.

• NBC area recon (a directed effort to obtain detailed information
concerning a specific area). The team—

— Conducts a survey to define the extent of contamination.

— Locates and marks clear bypass routes.

• NBC point recon (a directed effort to obtain detailed information
concerning a specific terrain feature). The team—

— Conducts a survey to define the extent of contamination.

— Collects samples.

— Locates and marks clear bypass routes.

Chemical mechanized smoke platoons also have the capability to augment
engineer recon-team operations when the latter team in the defense is
employed to—

• Screen if the engineer battalion is required to occupy a battle position
as an engineer TF.

• Overwatch a friendly emplaced scatterable minefield.

• Overwatch NAIs where enemy scatterable minefields are known.

The smoke platoon will probably be OPCON to the engineer battalion for
specific missions.
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Chapter 7

Combat Service Support

This chapter primarily deals with CSS to engineer recon teams conducting
obstacle recon. Recon teams conducting more traditional missions such as
zone, route, area, or technical recons will conduct CSS operations similar
to those discussed in FMs 5-71-2 and 5-71-3.

CSS elements arm, fuel, fix, feed, clothe, and provide transportation and
personnel for the recon team. The recon team leader is responsible for
supervising CSS within the team. The assistant team leader is the team’s
CSS operator, as the first sergeant (1SG) is for a company. The assistant
team leader advises the team leader of logistical requirements while
preparing for combat operations. He also keeps the team leader informed
of the team’s logistical status.

ORGANIZATION

A recon team does not have organic CSS assets. The assistant team leader is
primarily responsible for determining the team’s maintenance, supply, and
personnel statuses. He coordinates directly with the 1SG for all CSS.

An engineer recon team presents complex logistical problems for the battalion
staff. As explained in Chapters 3 and 4, the team normally operates to the
front of the brigade/battalion TF. The team will probably move earlier and
stay away longer than any other battalion element. It can be resupplied in one
of several ways.

A maintenance team and/or logistics package (LOGPAC) can be dedicated to
the engineer recon team. The maintenance team responds to the needs of the
recon team and is brought forward by the company’s 1SG or another
responsible individual. The support package is tailored specifically to the
engineer recon team’s requirements and is small and flexible. The LOGPAC
links up with the team at a specifically designated logistics release point
(LRP) as far forward as possible. The assistant team leader is then responsible
for distributing supplies to the recon team. He may distribute supplies by
himself or be assisted by the individual who brought the LOGPAC forward,
which is significantly faster. This method is best for the recon team, but
difficult for the battalion because of its limited CSS resources.

The engineer recon team can also use the nearest company team's CSS assets
for its resupply and maintenance. If this technique is used, the headquarters
and headquarters company (HHC) commander/S4 and the engineer recon
team leader should coordinate with the company team 1SG for support. The
HHC commander and the battalion S4 should ensure that the supplies
dedicated for the resupply of the engineer recon team are forwarded with the
company team's regular LOGPAC. If possible, engineer recon team supplies
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pushed forward with the company team LOGPAC should be separated to
ensure rapid resupply of the engineer scouts. In any case, the company team
commander must realize the importance of refueling and rearming the
engineer recon team.

Whatever support the engineer scout recon team receives must be keyed to a
fast transfer of supplies. The recon team must be able to pull in, resupply, and
leave as quickly as possible. The actual time that the recon team needs to
resupply does not often coincide with standard LOGPAC times for the rest of
the battalion. The S4, the support platoon leader, the engineer recon team
leader, and any other key leaders must anticipate events to coordinate for the
best resupply time.

SUPPLY OPERATIONS

Each team has a large amount of equipment and requires frequent resupply to
accomplish its mission. Periodic checks are required by all leaders to make
sure that the team's equipment (especially high-use items) is accounted for
and ready to use. Leaders must anticipate expenditures and request supplies
before an operation.

BASIC LOAD

For classes of supply other than ammunition, basic loads are supplies kept by
units for use in combat. The quantity of each item of supply in a basic load is
based on the number of days the team may have to sustain itself without
resupply. For ammunition, the basic load is the quantity required to be on
hand to meet combat needs until resupply can be accomplished. The basic
ammunition load is specified by the commander. The basic load of a recon
team will probably not be the same as the rest of the unit because of the
amount of time the recon team may be expected to operate away from the
engineer battalion. This basic load must be well planned.

CLASSES OF SUPPLY

The following paragraphs examine each class of supply and discuss important
considerations as they apply to the recon team:

Class I

This class includes subsistence items and gratuitous-issue health and welfare
items. Meal, ready-to-eat (MRE) rations are stocked on each vehicle (usually a
3- to 5-day supply). A-rations are brought forward when possible to
supplement MREs.

Potable water should be replenished daily, either by refilling from the water
trailer or by rotating 5-gallon cans during LOGPAC. Each combat vehicle
should maintain a minimum of 5 gallons of potable water per soldier, more
during operations in arid climates or in mission-oriented protective posture
(MOPP) gear.

All meals should be eaten in shifts. The team leader must not only make sure
that the team is fed, but also that the team eats nutritious meals to maintain
the energy levels required in combat. During continuous or cold-weather
operations, soldiers should eat more than three meals per day. The extra
allowance must be planned for.
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Class II

This class includes items of equipment (other than principal items) that are
prescribed in authorization and allowance tables. Individual tools and tool
sets, individual equipment and clothing items, chemical lights, batteries,
engineer tape, tentage, and housekeeping supplies are requested through the
supply sergeant.

Class III and Class V

Class III comprises all types of POL products. Class V is ammunition, to
include small arms, mines, and demolitions. For optimum security, refueling
and rearming should occur simultaneously under the cover of darkness. This
resupply usually occurs daily or at the conclusion of major operations. The two
techniques of refueling and rearming—tailgate and service station—are
covered later in this section.

The team leader must control the redistribution of supplies when fuel and
ammunition cannot be delivered or when only limited supplies are available.
He continually monitors the section's supply status through logistical reports.
He notifies the chain of command when a specific vehicle or the team as a
whole is critically short of these major classes of supply. The team leader
should ensure that ammunition is equally distributed throughout the team
before any tactical operation and during consolidation on an objective.

When planning for refueling, the team leader should keep the range and
capacity of his vehicles and the requirements of future operations in mind; the
amount of fuel required determines how much time it will take to refuel. The
team leader must realize that a vehicle’s cruising range and estimated fuel
consumption are only approximations, subject to the effects of weather,
terrain, and other factors. The team must refuel vehicles whenever the
tactical situation permits. When time is limited, the assistant team leader
must choose between refueling vehicles that need the most fuel first or giving
limited amounts to each. Each vehicle crew needs to maintain a stock of Class
III-P materials (such as oil, grease, and hydraulic fluid), replenishing these
POL products every time refueling takes place.

Class IV

This class includes construction and barrier materials. Barrier materials such
as lumber, sandbags, concertina or barbed wire, and pickets are used by the
team to construct OPs and obstacles and to improve fighting positions. These
materials are requested through the company or directly from the S4.

Class VI

This class covers personal demand items. Tobacco products, candy, and toiletry
articles are normally sold through the exchange system during peacetime or
for units not in a combat environment. In a combat environment, these items
are sent with Class I as sundry packs.

Class VII

This class includes major end items. These are major pieces of equipment,
assembled and ready for intended use, such as combat vehicles, missile
launchers, artillery pieces, and major weapon systems. Major end items that
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are destroyed are reported immediately by means of logistical reports. They
will be replaced by the parent unit as they are reported.

Class VIII

This class includes medical supplies that are provided through the battalion
medical section and ordered through the battalion. These supplies include
individual medical supplies such as first-aid dressings, refills for first-aid kits,
water-purification tablets, and foot powder.

Class IX

This class comprises repair parts. These basic-load supplies are part of the
combat prescribed load list (PLL). PLL items carried by the team usually
include spare tires, assorted bolts, machine-gun parts, and light bulbs. Class
IX supplies are requisitioned through the battalion’s maintenance section.

TECHNIQUES OF RESUPPLY

The tactical situation and type/size of the engineer recon element will dictate
which technique of resupply to use: tailgate, service station, a variation of one
type, or a combination of both types. The situation will also dictate when to
resupply. Generally, a recon team avoids resupply during recon operations;
resupply should be done during mission transition.

In the tailgate technique, fuel and ammunition are brought to the engineer
recon team by the assistant team leader or another responsible individual who
is assisting him (see Figure 7-1). This method is used when routes leading to
vehicle positions are available and the unit is not under direct enemy
observation and fire. This technique is time-consuming, but useful in missions
when the recon team is not moving and stealth is more easily maintained. If
necessary, hand carry supplies to vehicle positions, further minimizing
signatures.

In the service-station technique, vehicles move to a centrally located rearm
and refuel point, either by vehicles or as an entire team (see Figure 7-2).
Service-station resupply is inherently faster than the tailgate method;
however, because vehicles must move and concentrate, it can create security
problems.

The assistant team leader can vary the specifics of the two basic techniques, or
he can use them in combination. For example, he may use the tailgate method
for his most forward OPs and the service-station method for his OPs further to
the rear (see Figure 7-3, page 7-6).

MAINTENANCE OPERATIONS

Proper maintenance keeps equipment and materiel in serviceable condition. It
includes preventive maintenance checks and services (PMCS) as well as the
functions of inspecting, testing, servicing, repairing, requisitioning,
recovering, and evacuating equipment and materiel whenever necessary.

Maintenance tasks are divided into unit (operator and organizational), DS,
GS, and depot levels. The team leader is concerned primarily with unit
maintenance and repair of equipment in DS maintenance.
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Figure 7-1. Tailgate method

Figure 7-2. Service-station method
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Repair and recovery are accomplished as far forward as possible. When
equipment cannot be repaired on site, it is moved to the rear (but only as far
as necessary for repair) to a unit maintenance collection point (UMCP).

RESPONSIBILITIES

The nature of a recon team’s missions requires it to operate long distances
from maintenance support. For this reason, proper maintenance procedures
must exist within the team to ensure equipment readiness at all times. The
following paragraphs outline the maintenance responsibilities within the
team. 

Team Leader

The team leader has the ultimate responsibility for the condition and
performance of the team's equipment and materiel. In that role, his duties
include the following:

• Ensuring that all team vehicles, weapon systems, and equipment
(such as night-observation devices [NODs], mine detectors, and
communications equipment) are combat ready at all times. The team
leader also ensures that equipment that cannot be repaired at the
team level is reported to the commander as soon as possible.

Figure 7-3. Combination of techniques
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• Knowing the present status of equipment, to include document
numbers, job order numbers, and the maintenance stage of his
vehicles. The team leader keeps his company commander informed of
the current maintenance status.

• Coordinating with the maintenance officer in planning, directing, and
supervising the team’s unit maintenance.

• Developing and supervising an ongoing maintenance training
program.

• Ensuring that crews have the appropriate TMs and are trained and
supervised to complete the required level of maintenance properly.

• Ensuring that unit-level PMCS are performed on all assigned
equipment according to the appropriate operator's manuals.

• Ensuring that operators and assistant operators are trained and
licensed to operate team vehicles and equipment in all weather
conditions.

• Planning and rehearsing a maintenance evacuation plan for every
mission.

• Supervising and accounting for section personnel during maintenance
periods.

• Ensuring that repair parts are used or stored in a timely fashion as
they are received.

Assistant Team Leader

The assistant team leader is the team's first-line maintenance supervisor. In
large part, the team's maintenance status, and thus its combat readiness,
depends on its commitment to proper maintenance procedures. The assistant
team leader’s duties in this area include the following:

• Ensuring that DA Forms 2404 and 2408-14 are filled out and updated
according to DA Pamphlet (Pam) 738-750.

• Ensuring that the crew is properly trained in PMCS procedures and
that PMCS are performed on the vehicle according to the appropriate
TMs.

• Ensuring that, as a minimum, the assigned vehicle operator is
properly trained and licensed. In preparing for continuous operations,
the vehicle commander must ensure that all crew members are
training and licensed as drivers.

• Collecting and consolidating the section's maintenance status in the
field and sending the appropriate reports to maintenance personnel.

• Ensuring that vehicles are always topped off with fuel in garrison and
that they receive fuel in the field.

• Ordering parts for the vehicle.

• Ensuring that repair parts are installed upon receipt or are stored in
authorized locations.
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• Ensuring that all tools and basic-issue items are properly marked,
stored, maintained, and accounted for.

• Updating the vehicle’s status constantly.

Unit Maintenance (Operator Level)

Operator maintenance includes proper care, use, and maintenance of assigned
vehicles and crew equipment such as weapons, NBC equipment, and NVDs.
The driver and other crew members perform daily services on the vehicles and
equipment, to include inspecting, servicing, tightening, performing minor
lubrication, cleaning, preserving, and adjusting. The crew is required to record
the checks and services, as well as all equipment faults that they cannot
immediately correct, on DA Form 2404. These reports are the primary means
of reporting equipment faults through the assistant team leader to the team
leader, and ultimately to organizational maintenance personnel.

Checks and services are prescribed for the automotive system and weapon
systems. They are divided into three groups:

• Before-operation checks.

• During-operation checks.

• After-operation checks.

These services are explained in every operator's manual and should be
conducted as stated in the manual. Although operators must learn to operate
equipment without referring to the manual, maintenance must be performed
using the appropriate TM, not from memory.

EVACUATION

Evacuation is necessary when a vehicle is damaged and cannot be repaired
on-site within two hours or when it is the only means available to prevent
capture or destruction by the enemy.

When a vehicle needs to be evacuated, the team leader reports its exact
location, the vehicle type, and the extent of damage, if known, on the
appropriate net to personnel designated in the unit’s SOP or OPORD. Two
soldiers should remain with the vehicle to assist in evacuation and repair,
provide security, and deliver the repaired vehicle back to the team as soon as
possible. A recovery vehicle from the company, battalion, or TF maintenance
team will evacuate the damaged vehicle. It is vital that the damaged vehicle
be placed in a covered position that allows the recovery vehicle to reach it
without exposing the recovery crew to enemy fire.

If a recovery vehicle is not available or if time is critical, other team vehicles
(if available) can evacuate the damaged vehicle for short distances. The
decision to do this rests with the team leader. Procedures for towing are
contained in the operator's manual. If the damaged vehicle will be lost for an
extended period, the team can replace other vehicles' damaged equipment
(such as weapons and radios) with properly functioning items from the
damaged vehicle. The damaged equipment can then be repaired or replaced
while the vehicle is being repaired. Self-evacuation by the team is a last resort
that should be considered only to avoid losing the damaged vehicle to the
enemy.
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DESTRUCTION

When evacuation of damaged or inoperable equipment is impossible, it must
be destroyed. Team leaders must make sure crews are trained to destroy the
vehicle rather than allow it to fall into enemy hands. Instructions for
destroying each item of equipment are included in the operator' s manual.

The team leader should get the commander's authorization before destroying
any equipment. However, when communications fail, the team leader must
use his judgment to decide whether or not evacuation is possible. Every
reasonable effort must be made to evacuate secure equipment, classified
materials, and all weapons.

MEDICAL TREATMENT AND EVACUATION

Leaders must emphasize high standards of health and hygiene. Soldiers must
shave daily (so that their protective masks will seal) and bathe and change
clothes regularly to prevent disease. Each soldier should carry shaving
equipment, soap, a towel, and a change of clothing in a waterproof bag inside
his pack.

During cold weather, soldiers must check their hands and feet regularly to
prevent frostbite, trench foot, or immersion foot. They must also learn that the
effects of windchill on exposed skin are equal to those of temperatures much
lower than the thermometer shows. A moving vehicle will cause a windchill
effect even if the air is calm.

WOUNDED SOLDIERS

Battlefield positioning and dispersion make the treatment and evacuation of
wounded personnel two of the most difficult tasks that an engineer recon team
must execute. To ensure successful handling of wounded engineers, brigades,
battalions, and TFs must specifically allocate CSS assets to the engineer recon
team to assist in evacuation. In addition, operational planning or SOPs must
cover evacuation procedures in detail.

In the engineer recon team, it is the team leader’s responsibility to ensure that
wounded team members receive immediate first aid and that the commander
is notified of all casualties. Using engineer scouts who are trained as combat
lifesavers is critical. As a minimum, one member of each engineer recon team
must be trained as a combat lifesaver. If wounded team members require
evacuation, the team leader can do one of the following:

• Coordinate evacuation with the closest troop, scout platoon, or
company team for ground evacuation.

• Request that the brigade/battalion TF task-organize a dedicated
ambulance to the team for operations forward of the larger element. In
the case of the HMMWV section, the ambulance should be a HMMWV
variant located (for security) with the nearest company team.

• Conduct self-evacuation with organic team assets.

• Coordinate for aerial evacuation through the battalion TF.

Aerial evacuation, if it is available, is preferred because of its speed. The
engineer scouts coordinate with their higher command and then switch to the
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designated frequency to coordinate directly with the medical-evacuation
(MEDEVAC) aircraft. They must pick a relatively flat, open, and covered and
concealed position for the aircraft's LZ. The location should be given to the
aircraft by radio and marked with colored smoke as the aircraft approaches
the area. The engineer recon team provides local security of the LZ until the
evacuation is complete.

Regardless of the method of evacuation, the team leader and the assistant
team leader must have the necessary CSS graphics available, to include
casualty collection points. Evacuation procedures must be part of the section
plan and should be rehearsed as part of mission preparation.

A wounded team member’s individual weapon becomes the responsibility of
the assistant team leader. Personal effects, weapons, and equipment are
turned in to the company supply sergeant at the earliest opportunity. The
team member’s protective mask stays with him at all times. All sensitive
items, such as maps, overlays, and SOPs, should also remain with the team.

SOLDIERS KILLED IN ACTION

The remains of personnel killed in action (KIA) will be placed in a body bag or
sleeping bag or rolled in a poncho and evacuated by the team. The commander
will designate a location for collection of KIA soldiers. If (as a last resort) the
body must be left on the battlefield, the name, exact location, and
circumstances are reported through channels with the appropriate SOP
report. The lower dog tag is removed for turn-in to the team leader. The
personal effects of a KIA soldier remain with the body. The KIA soldier's
weapon, equipment, and issue items become the responsibility of the assistant
team leader until they can be turned over to the supply sergeant or 1SG.

The bodies of KIA soldiers should not be placed on the same vehicle as
wounded soldiers. If this rule cannot be adhered to, dead and wounded
personnel may be carried on board a vehicle to its next stop. In an attack, the
next stop may be the objective; in the defense, it may be the next BP. Teams
must be prepared to give first aid and to continue the mission with a limited
team without stopping.

PRISONERS

Enemy prisoners of war (EPWs) are excellent sources of combat intelligence
information; they must be processed and evacuated to the rear quickly. If
enemy soldiers want to surrender, it is a team's moral and legal responsibility
to take them into custody and safeguard them until they can be evacuated.

The team leader directs team members to take the EPWs to a designated area.
The prisoners are then evacuated to the rear for interrogation.

If an EPW is wounded and cannot be evacuated through medical channels, the
nearest company XO or 1SG is notified. The EPW will be escorted to the
company trains, or the 1SG will come forward with guards to evacuate him.

PRISONERS OF WAR

The basic principles for handling EPWs are covered by the five S and one T
procedures: search, segregate, silence, speed, safeguard, and tag.
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• Search. Remove all weapons and documents. Return to the EPW
those personal items of no military value. The EPW keeps his helmet,
protective mask, and gear to protect him from immediate dangers of
the battle area.

• Segregate. Break the chain of command; separate EPWs by rank,
sex, and other suitable categories. Keep the staunch fighters away
from those who willingly surrender.

• Silence. Prevent EPWs from giving orders, planning escapes, and
developing false cover stories.

• Speed. Speed EPWs to the rear to remove them from the battle area
and to obtain and use their information.

• Safeguard. Prevent EPWs from escaping. Protect all EPWs from
violence, insults, curiosity, and reprisals of any kind.

• Tag. Tag EPWs and documents or special equipment.

Never approach an enemy soldier. He may have a weapon hidden nearby, or he
may be booby trapped. Gesture for him to come forward until it is clear that he
is honestly surrendering and not trying to lure friendly troops into an
ambush. Use a thermal sight to locate possible ambushes. When searching the
EPW, always have another friendly soldier cover him with a weapon. Do not
get between the EPW and the soldier covering him.

The rights of EPWs have been established by international law, and the US
has agreed to obey these laws. Once an enemy soldier shows he wants to
surrender, he must be treated humanely. It is a court-martial offense to
physically or mentally harm or mistreat a EPW or needlessly expose him to
fire. In addition, mistreated EPWs or those who receive special favors are not
good interrogation subjects.

The senior officer or NCO on the scene is legally responsible for the care of
EPWs. If the unit cannot evacuate an EPW within a reasonable time, he must
be provided with food, water, and medical treatment.

Before evacuating an EPW, ensure that a tag is attached to him listing
pertinent information and procedures. Tags may be obtained through supply
channels or made from materials available on the battlefield. An example is
illustrated in Figures 7-4 and 7-5, pages 7-12 and 7-13.  
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Figure 7-4. Sample standardized EPW tag (front)

NAME
SERIAL NUMBER
RANK
DATE OF BIRTH
UNIT
LOCATION OF CAPTURE
CAPTURING UNIT
SPECIAL CIRCUMSTANCES OF CAPTURE

WEAPONS/DOCUMENTS

ATTACH TO EPW A

DATE OF CAPTURE
NAME
SERIAL NUMBER
RANK
DATE OF BIRTH
UNIT
LOCATION OF CAPTURE
CAPTURING UNIT
SPECIAL CIRCUMSTANCES OF CAPTURE

WEAPONS/DOCUMENTS

FORWARD TO UNIT B

ATTACH TO ITEM C

DATE OF CAPTURE
NAME
SERIAL NUMBER
RANK
DATE OF BIRTH
UNIT
LOCATION OF CAPTURE
DESCRIPTION OF WEAPONS/DOCUMENTS

DOCUMENT AND WEAPONS CARD

DATE OF CAPTURE

SAMPLE

FRONT
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Figure 7-5. Sample standardized EPW tag (back)

EPW

SAMPLE

Do not remove this part from EPW

EPW

Search thoroughly

Tag correctly

Report immediately

Evacuate rapidly

Segregate by category

Safeguard from danger/escape

EPW

DESCRIPTION:

1. The tag should be made of durable material and perforated into 
three parts.

2. Each part of the tag should measure approximately 10 x 15 cm.

3. The tag should be pierced at the top and the bottom, with 
added reinforcement around the holes to facilitate attachment.

BACK
(IN RED)
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CAPTURED ENEMY DOCUMENTS AND EQUIPMENT

Captured enemy documents (such as maps, orders, records, and photographs)
and equipment are excellent sources of intelligence information. However, if
captured items are not handled properly, the information in them may be lost
or delayed until it is useless. These items must be evacuated to the next level
of command as soon as possible.

The section should tag each captured item (see Figure 7-6). If the item is found
in the EPW's possession, include his name on the tag and give the item to the
guard. The guard delivers the item with the EPW to the next higher
headquarters.

CIVILIANS

When dealing with civilians or detained noncombatants, care must be taken.
These personnel should be processed through the military police or the local
police authority.

TYPE OF DOCUMENT

DATE/TIME OF CAPTURE

PLACE OF CAPTURE (GRID COORDINATES)

CAPTURING UNIT

CIRCUMSTANCES OF CAPTURE

Figure 7-6. Sample tag for captured documents and equipment

SAMPLE
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Appendix A

Metric Conversion Chart

This appendix complies with current Army directives which state that the
metric system will be incorporated into all new publications.  Table A-1 is a
conversion chart.

Table A-1. Metric conversion chart

US Units Multiplied By Metric Units

Acres 0.4947 Hectares

Cubic feet 0.0283 Cubic meters

Cubic inches 16.3872 Cubic centimeters

Cubic inches 0.0164 Liters

Cubic yards 0.7646 Cubic meters

Feet 0.3048 Meters

Feet per second 18.288 Meters per minute

Gallons 3.7854 Liters

Inches 2.54 Centimeters

Inches 0.0254 Meters

Inches 25.4001 Millimeters

Miles 1.6093 Kilometers

Square feet 0.0929 Square meters

Square inches 6.4516 Square centimeters

Square miles 2.590 Square kilometers

Square yards 0.8361 Square meters

Yards 0.914 Meters

Metric Units Multiplied By US Units

Centimeters 0.3937 Inches

Cubic centimeters 0.0610 Cubic inches

Cubic meters 35.3144 Cubic feet

Cubic meters 1.3079 Cubic yards

Kilometers 0.62137 Miles

Meters 3.2808 Feet

Meters 39.37 Inches

Meters 1.0936 Yards

Millimeters 0.03937 Inches

Square centimeters 0.155 Square inches

Square kilometers 0.3861 Square miles

Square meters 1.1960 Square yards

Square meters 10.764 Square feet
Metric Conversion Chart A-1



FM 5-170
A-2 Metric Conversion Chart



Appendix B

Bridge Classification

Bridge and vehicle classification allows vehicle operators to avoid bridge
failure due to overloading.  Vehicle operators may drive across without
restrictions if their vehicles’ class numbers are less than or equal to the
bridge class number.  This appendix provides a quick method of estimating
bridge capacity in the field.  

BRIDGE SIGNS

All classified vehicles and bridges in the theater of operations require
classification signs.  Bridge signs are circular with a yellow background and
black inscriptions.  Sign diameters are a minimum of 16 inches for one-lane
bridges and 20 inches for two-lane bridges.  A two-lane bridge classification
sign has two numbers, side by side, on its sign (see Figure B-1).  The number
on the left is the bridge classification when both lanes are in service
simultaneously.  The number on the right indicates the classification if the
bridge is carrying one-way traffic and the vehicles proceed along the
centerline of the bridge.  For bridges with separate classifications for wheeled
and tracked vehicles (dual classification), use a special circular sign that
indicates both classifications (see Figure B-1, right side).  Classify bridges
greater than class 50 as dual-class bridges.  Use a separate rectangular sign, if
necessary, to show bridge width limitations.

Figure B-1. Bridge classification signs

10'

66 78
One-way

23 Two-way

One-wayTwo-way

18 23

57 68

78

68
Bridge Classification B-1
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WIDTH AND HEIGHT RESTRICTIONS

Table B-1 lists width restrictions for bridges.  If a one-lane bridge does not
meet width requirements, post a rectangular warning sign under the
classification sign showing the actual clear width.  For a two-lane bridge,
downgrade the two-way classification to the highest class for which it does
qualify (one-way class is not affected).  If the minimum overhead clearance is
less than 4.3 meters, post a sign with the limited clearance. 

CLASSIFICATION PROCEDURES

Tables B-2 through B-9 and Figures B-2 through B-16, pages B-2 through
B-26, are used to determine the bridge classification of various bridges. 

Table B-1. Minimum roadway widths

Roadway Width
(Meters)

Bridge Classification

One-Way Two-Way

2.75 to 3.34 12 0

3.35 to 3.99 30 0

4 to 4.49 60 0

4.5 to 4.99 100 0

5 to 5.4 150 0

5.5 to 7.2 150 30

7.3 to 8.1 150 60

8.2 to 9.7 150 100

9.8+ 150 150

NOTE: The minimum overhead clearance for all classes is 4.5 m.

Table B-2. Notations

Variable Definition

b stringer width, in inches

bd concrete slab width, in feet

be effective slab width, in feet

be1 effective slab width for one-lane traffic, in feet

be2 effective slab width for two-lane traffic, in feet

bR curb-to-curb roadway width, in feet

d stringer depth, in inches

df depth of fill, in inches

di interior stringer depth (d - 2tf), in inches

fbDL allowable bearing stress of the stringer, in ksi

L span length, in feet

Lc maximum brace spacing, in feet

Lm maximum span length, in feet

m moment capacity per stringer, in kip-feet
B-2 Bridge Classification
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mDL dead-load moment per stringer, in kip-feet

MDL dead-load moment for entire span, in kip-feet

mLL live-load moment per stringer, in kip-feet

MLL live-load moment per lane, in kip-feet

MLL1 live-load moment for one-lane traffic, in kip-feet

MLL2 live-load moment for two-lane traffic, in kip-feet

Nb number of braces

NL number of lanes

NS total number of stringers in the span

N1 effective number of stringers for one-lane traffic

N2 effective number of stringers for two-lane traffic

PLC provisional load class

R rise of arch, in feet

S section modulus, in cubic inches

Sb actual brace spacing, in feet

Sc section modulus of the composite section, in cubic inches

Ss center-to-center stringer spacing, in feet

tc crown thickness, in inches

td average deck thickness, in inches

teff effective deck thickness, in inches

tf flange thickness, in inches

tpl plate thickness, in inches

tw web thickness, in inches

tx thickness factor

T1 one-lane, tracked-vehicle classification

T2 two-lane, tracked-vehicle classification

v shear capacity per stringer, in kips

vDL dead-load shear per stringer, in kips

VDL estimated dead-load shear of span, in kips

vLL Iive-load shear per stringer, in kips

VLL live-load shear per lane, in kips

Ws stringer weight, in lbs/ft

W1 one-lane, wheeled-vehicle classification

W2 two-lane, wheeled-vehicle classification

Xpl plate thickness factor

%lam percent of lamination

Table B-2. Notations (continued)

Variable Definition
Bridge Classification B-3
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Figure B-2. Timber- or steel-trestle bridge with timber deck

Map Sheet Grid
Recon Officer/NCO Unit Date

d tw
tf

d

b

BRIDGE DIMENSIONS
L _____ ft
bR _____ ft
NL _____ (2 if bR > 18 ft)
NS _____
SS _____ ft
Nb _____
Sb _____ ft
Deck: Single-layer, multilayer, or laminated
td _____ in
%lam _____

STRINGER DIMENSIONS
Timber: b _____ in

d _____ in
Steel: Type _________

(Table B-4)
d _____ in
b _____ in
tw _____ in
tf _____ in

PROCEDURE

1. m _____ (Table B-3 or B-4)
2. MDL _____ (Table B-5)
3. mDL _____ (MDL / Ns)
4. mLL _____

a. Timber: m - mDL
b. Steel: (m - mDL) / 1.15

5. Lm _____ (Table B-3 or B-4)
6. Adjust mLL if L > Lm: mLL (Lm / L)
7. N1 _____ (5 / Ss) + 1
8. N2 _____ 0.375Ns; calculate

only if bR > 18 ft
9. MLL1_____ (N1) mLL

10. MLL2_____ (smaller of N1 or N2) mLL
11. Moment classification (Figures B-13 and

B-14)
T1 _____  T2 _____  W1 _____  W2 _____

12. v _____ (Table B-3 or B-4)
13. VDL _____ (Table B-5)

14. vDL _____ (VDL / Ns)
15. vLL _____ (v - vDL)
16. VLL _____

a. Timber:
(16/3) (vLL) ([N1 or N2] / [N1 or N2] + 1)
b. Steel: (2vLL / 1.15)

17. Shear classification (Figures B-15 and
B-16)
T1 _____  T2 _____  W1 _____  W2 _____

18. Width classification (Table B-2)
T1 _____  T2 _____  W1 _____  W2 _____

19. Deck classification (Figure B-8)
T1 _____  T2 _____  W1 _____  W2 _____
a. Single-layer: teff = td
b. Multilayer: teff = td - 2 in
c. Laminated: teff = td (%lam)

20. Nb(reqd) _____
a. Timber: 3 required if d > 2b
b. Steel: (L / Lc) + 1 (Lc in Table B-4)
Add braces if Nb < Nb(reqd)

 21. Final classification 
T1 T2 W1 W2

Moment (Step 11)

Shear (Step 17)

Width (Step 18)

Deck (Step 19)

Final (lowest number)

b
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Figure B-3. Steel-stringer bridge with concrete deck (noncomposite construction)

d

b

tw
tf

PROCEDURE

1. m _____ (Table B-4)
2. Ws _____ (Table B-4)

3. mDL _____ 0.00013L2 (Ws + (td) Ss)
4. mLL _____ (m - mDL) / 1.15
5. Lm _____ (Table B-4)
6. Adjust mLL if L > Lm: mLL (Lm / L)
7. N1 _____ (5 / Ss) + 1
8. N2 _____ 0.375Ns; calculate

only if bR > 18 ft

9. MLL1_____ (N1) mLL
10. MLL2_____ (smaller of N1 or N2) mLL

11. Moment classification (Figures B-13 and
B-14)
T1 _____  T2 _____  W1 _____  W2 _____

12. Width classification (Table B-2)
T1 _____  T2 _____  W1 _____  W2 _____

13. Deck classification (Figure B-8)
T1 _____  T2 _____  W1 _____  W2 _____
a. td < 5 in: Class 40
b. td > 5 in: Class 150

Map Sheet Grid
Recon Officer/NCO Unit Date

BRIDGE DIMENSIONS
L _____ ft
bR _____ ft
NL _____ (2 if bR > 18 ft)
NS _____
SS _____ ft
td _____ in (do not include

wearing surface)

STRINGER DIMENSIONS
Type _______ (Table B-4)
b _____ in
d _____ in
tw _____ in

14. Final classification 
T1 T2 W1 W2

Moment (Step 11)

Width (Step 12)

Deck (Step 13)

Final (lowest number)
Bridge Classification B-5
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Figure B-4. Concrete steel-stringer bridge (composite construction)

PROCEDURE

1. mDL _____ 0.00013L2 (Ws + (td) Ss)
2. fbDL _____ 12mDL / [(S) (xPL)]

a. No plate: xPL = 1.00
b. tpl = 0.5tf: xPL = 1.25
c. tpl = tf: xPL = 1.50

3. mLL _____ [(29 - fbDL) (Sc) (xPL) (tx)] / 13.8
(tx from Table B-9)

4. N1 _____ (5 / Ss) + 1
5. N2 _____ 0.375Ns; calculate

only if bR > 18 ft

6. MLL1_____ (N1) mLL
7. MLL2_____ (smaller of N1 or N2) mLL
8. Moment classification (Figures B-13 and

B-14)
T1 _____  T2 _____  W1 _____  W2 _____

9. Width classification (Table B-2)
T1 _____  T2 _____  W1 _____  W2 _____

10. Deck classification (Figure B-8)
T1 _____  T2 _____  W1 _____  W2 _____
a. td < 5 in: Class 40
b. td > 5 in: Class 150

Map Sheet Grid
Recon Officer/NCO Unit Date

11. Final classification 
T1 T2 W1 W2

Moment (Step 8)

Width (Step 9)

Deck (Step 10)

Final (lowest number)

BRIDGE DIMENSIONS
L _____ ft
bR _____ ft
NL _____ (2 if bR > 18 ft)
NS _____
SS _____ ft
td _____ in (do not include

wearing surface)
Sc _____ (Table B-8)

STRINGER DIMENSIONS
Type _______ (Table B-4)
b _____ in
d _____ in (d = di + 2tf)
tw _____ in
tf _____ in

S _____ in3

tpl _____ in
Ws _____ (steel type)

di

b

tw

tf tpl

Ss
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Figure B-5. Concrete T-beam bridge with asphalt wearing surface

PROCEDURE

1. m _____ 0.0116 (Ss) (d
2)

2. mDL _____ 0.00013L2 (bd + (td) Ss)
3. mLL _____ (m - mDL) / 1.15
4. N1 _____ (5 / Ss) + 1
5. N2 _____ 0.375Ns; calculate

only if bR > 18 ft

6. MLL1_____ (N1) mLL

7. MLL2_____ (smaller of N1 or N2) mLL
8. Moment classification (Figures B-13 and

B-14)
T1 _____  T2 _____  W1 _____  W2 _____

9. Width classification (Table B-2)
T1 _____  T2 _____  W1 _____  W2 _____

Map Sheet Grid
Recon Officer/NCO Unit Date

10. Final classification 
T1 T2 W1 W2

Moment (Step 8)

Width (Step 9)

Final (lowest number)

BRIDGE DIMENSIONS
L _____ ft
bR _____ ft
td _____ in
SS _____ ft
NS _____

STRINGER DIMENSIONS
d _____ in
b _____ in

bR

d

Ss

td

b
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Figure B-6. Concrete-slab bridge with asphalt wearing surface

PROCEDURE

1. mLL _____ (Figure B-10)
2. be _____ 

a. One-lane:
be1 = L / [0.75 + (L / bd)]

b. Two-lane:
be2 = L / [0.25 + (2L / bd)]

(Calculate be2 only if bR > 18 ft)

3. MLL1_____ (be1) mLL

4. MLL2_____ (be2) mLL
5. Moment classification (Figures B-13 and

B-14)
T1 _____  T2 _____  W1 _____  W2 _____

6. Width classification (Table B-2)
T1 _____  T2 _____  W1 _____  W2 _____

Map Sheet Grid
Recon Officer/NCO Unit Date

7. Final classification 
T1 T2 W1 W2

Moment (Step 5)

Width (Step 6)

Final (lowest number)

BRIDGE DIMENSIONS
L _____ ft
bd _____ ft
bR _____ ft
td _____ in (do not include

wearing surface)
bd

bR

td
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Figure B-7. Masonry-arch bridge

PROCEDURE

1. PLC _____ (Figure B-11)
2. Arch factors:

a. Span-to-rise ratio (SR = L / R) _____
b. Profile factors (Table B-6) _____
c. Material factors (Table B-7) _____
d. Joint factors (Table B-7) _____
e. Deformations (Table B-7) _____
f. Crack factors (Table B-7) _____
g. Abutment size factors (Table B-7) ____
h. Abutment fault factors (Table B-7) ____

3. Classification of arch factors:
T1 _____ (PLC x product of factors

2b through 2h)
T2 _____ (0.9T1)
W1 _____ (Figure B-12)
W2 _____ (Figure B-12)

4. Width classification (Table B-2)
T1 _____  T2 _____  W1 _____  W2 _____

Map Sheet Grid
Recon Officer/NCO Unit Date

5. Final classification 
T1 T2 W1 W2

Factors (Step 3)

Width (Step 4)

Final (lowest number)

BRIDGE DIMENSIONS
L _____ ft
tc _____ ft
df _____ ft
bR _____ ft
R _____ ft 

df

R

L

tc
Bridge Classification B-9



FM 5-170
Table B-3. Properties of timber stringers

Rectangular Stringers Rectangular Stringers
Nominal

Size

(b x d, in) 1

m

(kip-ft) 2
v

(kips) 3

Lm

(ft)4

Nominal
Size

(b x d, in) 1

m

(kip-ft) 2
v

(kips) 3

Lm

(ft)4

4 x 6 4.80 2.40 7.14 16 x 16 136.50 25.60 19.10
4 x 8 8.53 3.20 9.50 16 x 18 172.80 28.80 21.50
4 x 10 13.33 4.00 11.90 16 x 20 213.00 32.00 23.80
4 x 12 19.20 4.80 14.30 16 x 22 258.00 35.20 26.20
6 x 8 12.80 4.80 9.50 16 x 24 307.00 38.40 28.60
6 x 10 20.00 6.00 11.90 18 x 18 194.40 32.40 21.50
6 x 12 28.80 7.20 14.30 18 x 20 240.00 36.00 23.80
6 x 14 39.20 8.40 16.70 18 x 22 290.00 39.60 26.20
6 x 16 51.20 9.60 19.10 18 x 24 346.00 43.20 28.60
6 x 18 64.80 10.80 21.50

Round Stringers (Nominal Size is Diameter)
8 x 8 17.07 6.40 9.50
8 x 10 26.70 8.00 11.90 8 10.05 5.70 9.50
8 x 12 38.40 9.60 14.30 9 14.31 7.20 10.70
8 x 14 52.30 11.20 16.70 10 19.63 8.80 11.90
8 x 16 68.30 12.80 19.10 11 26.10 10.60 13.10
8 x 18 86.40 14.40 21.50 12 33.90 12.70 14.30
8 x 20 106.70 16.40 23.80 13 43.10 15.00 15.50
8 x 22 129.10 17.60 26.20 14 53.90 17.40 16.70
8 x 24 153.60 19.20 28.60 15 67.50 20.20 17.80

10 x 10 33.30 10.00 11.90 16 80.40 22.60 19.10
10 x 12 48.00 12.00 14.30 17 98.20 26.00 20.20
10 x 14 65.30 14.00 16.70 18 114.50 28.60 21.50
10 x 16 85.30 16.00 19.10 19 137.10 32.40 22.60
10 x 18 108.00 18.00 21.50 20 157.10 35.40 23.80
10 x 20 133.30 20.00 23.80 21 185.20 39.60 24.90
10 x 22 161.30 22.00 26.20 22 209.00 42.70 26.20
10 x 24 192.00 24.00 28.60 23 243.00 47.60 27.30
12 x 12 57.60 14.40 14.30 24 271.00 50.80 28.60
12 x 14 78.40 16.80 16.70 25 312.00 56.20 29.70
12 x 16 102.40 19.20 19.10 26 351.00 60.80 30.90
12 x 18 129.60 21.60 21.50 27 393.00 65.60 32.10
12 x 20 160.00 24.00 23.80 28 439.00 70.50 33.30
12 x 22 193.60 26.40 26.20 29 487.00 75.60 34.50
12 x 24 230.00 28.80 28.60 30 540.00 81.00 35.70
14 x 14 91.50 19.60 16.70 31 595.00 86.40 36.80
14 x 16 119.50 22.40 19.10 32 655.00 92.10 38.00
14 x 18 151.20 25.20 21.50 33 718.00 98.00 39.20
14 x 20 186.70 28.00 23.80 34 786.00 104.00 40.40
14 x 22 226.00 30.80 26.20 35 857.00 110.20 41.60
14 x 24 269.00 33.60 28.60 36 933.00 116.60 42.80

1 If d > 2b, bracing is required at the midspan and at both ends.
2 Moment capacity for rectangular stringers not listed is bd2/30.  Moment capacity for round stringers not 

listed is 0.02d3.
3 Shear capacity for rectangular stringers not listed is bd/10.  Shear capacity for round stringers not listed is 

0.09d2.
4 Maximum span length for stringers not listed is 1.19d.
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Table B-4. Properties of steel stringers
(Fy = 36 ksi, f b = 27 ksi, f v = 16.5 ksi)

Nominal 
Size

d
(in)

b
(in)

Tf
(in)

tw
(in)

m
(kip-ft)

v
(kips)

Lm
(ft)

Lc
(ft)

W39x211 39.250 11.750 1.438 0.75 1,770 450 100 12.4

W37x206 36.750 11.750 1.438 0.75 1,656 425 95 12.4

W36x300 36.750 16.625 1.688 0.94 2,486 520 94 17.6

W36x194 36.500 12.125 1.250 0.81 1,492 431 93 12.8

W36x182 36.375 12.125 1.187 0.75 1,397 406 93 12.8

W36x170 36.125 12.000 1.125 1.06 1,302 381 92 12.7

W36x160 36.000 12.000 1.000 1.06 1,217 365 92 12.7

W36x230 35.875 16.500 1.250 0.75 1,879 421 91 17.4

W36x150 35.875 12.000 0.937 0.62 1,131 350 91 12.7

W36x201 35.375 11.750 1.438 0.75 1,545 402 90 12.4

W33x196 33.375 11.750 1.438 0.75 1,433 377 85 12.4

W33x220 33.250 15.750 1.250 0.81 1,661 392 85 16.6

W33x141 33.250 11.500 0.937 0.62 1,005 313 85 12.1

W33x130 33.125 11.500 0.875 0.56 911 300 85 12.1

W33x200 33.000 15.575 1.125 0.56 1,506 362 84 16.6

W31x180 31.500 11.750 1.312 0.75 1,327 327 80 12.4

W30x124 30.125 10.500 0.937 0.68 797 273 77 11.1

W30x116 30.000 10.500 0.875 0.62 738 263 76 11.1

W30x108 29.875 10.500 0.750 0.56 672 255 76 11.1

W30x175 29.500 11.750 1.312 0.56 1,156 304 75 12.4

W27x171 27.500 11.750 1.312 0.68 1,059 282 70 12.4

W27x102 27.125 10.000 0.812 0.68 599 217 69 10.6

W27x94 26.875 10.000 0.750 0.50 546 205 68 10.6

W26X157 25.500 11.750 1.250 0.50 915 237 65 12.4

W24x94 24.250 9.000 0.875 0.62 497 191 62 9.5

W24x84 24.125 9.000 0.750 0.50 442 174 61 9.5

W24x100 24.000 12.000 0.750 0.50 560 173 61 12.7

S24x120 24.000 8.000 1.125 0.50 564 286 61 8.4

S24x106 24.000 7.875 1.125 1.18 527 224 61 8.3

S24x80 24.000 7.000 0.875 0.62 391 183 61 7.4

W24x76 23.875 9.000 0.687 0.50 394 163 61 9.5

W24x153 23.625 11.750 0.250 0.43 828 217 60 12.4

S24x134 23.625 8.500 1.250 0.62 634 283 60 9.0

S22x75 22.000 7.000 0.812 0.81 308 168 56 7.4

W21x139 21.625 11.750 1.187 0.50 699 198 55 12.4

S21x112 21.625 7.875 1.187 0.62 495 238 55 8.3

W21x73 21.250 8.250 0.750 0.75 338 148 54 8.7

W21x68 21.125 8.250 0.687 0.50 315 140 54 8.7

W21x62 21.000 8.250 0.625 0.43 284 130 53 8.7
Bridge Classification B-11
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S20x85 20.000 7.125 0.937 0.37 337 195 51 7.5

S20x65 20.000 6.500 0.812 0.68 245 132 51 6.9

W20x134 19.625 11.750 1.187 0.43 621 177 50 12.4

W18x60 18.250 7.500 0.687 0.62 243 115 46 7.9

S18x86 18.250 7.000 1.000 0.43 326 184 46 7.4

W18x55 18.125 7.500 0.625 0.37 220 108 46 7.9

S18x80 18.000 8.000 0.937 0.50 292 133 46 8.4

W18x50 18.000 7.500 0.562 0.37 200 99 46 7.9

S18x55 18.000 6.000 0.687 0.50 199 126 46 6.3

S18x122 17.750 11.750 1.062 0.56 648 145 45 12.4

S18x62 17.750 6.875 0.750 0.37 238 100 45 7.3

S18x77 17.750 6.625 0.937 0.62 281 163 45 7.0

W16x112 16.750 11.750 1.000 0.56 450 136 42 12.4

S16x70 16.750 6.500 0.937 0.62 238 146 42 6.9

W16x50 16.250 7.125 0.625 0.37 181 94 41 7.5

W16x45 16.125 7.000 0.562 0.37 163 85 41 7.4

W16x64 16.000 8.500 0.687 0.43 234 106 40 9.0

W16x40 16.000 7.000 0.500 0.31 145 75 40 7.4

S16x50 16.000 6.000 0.687 0.43 155 105 40 6.3

W16x36 15.875 7.000 0.437 0.31 127 74 40 7.4

W16x110 15.750 11.750 1.000 0.56 345 127 40 12.4

S16x62 15.750 6.125 0.875 0.56 200 129 40 6.5

S16x45 15.750 5.375 0.625 0.43 150 104 40 5.7

W15x103 15.000 11.750 0.937 0.56 369 121 38 12.4

S15x56 15.000 5.875 0.812 0.50 173 110 38 6.2

S15x43 15.000 5.500 0.625 0.43 132 93 38 5.8

W14x101 14.250 11.750 0.937 0.56 344 114 36 12.4

S14x40 14.250 5.375 0.375 0.37 119 83 36 5.7

S14x51 14.125 5.625 0.750 0.50 150 104 36 5.9

S14x70 14.000 8.000 0.937 0.43 204 87 35 8.4

S14x57 14.000 6.000 0.875 0.50 153 101 35 6.3

W14x34 14.000 6.750 0.437 0.31 121 78 35 7.1

W14x30 13.875 6.750 0.375 0.25 109 61 35 7.1

W14x92 13.375 11.750 0.875 0.50 297 96 34 12.4

S14x46 13.375 5.375 0.687 0.50 126 99 34 5.7

S13x35 13.000 5.000 0.625 0.37 85 72 33 5.3

S13x41 12.625 5.125 0.687 0.37 108 104 32 5.4

W12x36 12.250 6.625 0.565 0.31 103 56 31 7.0

S12x65 12.000 8.000 0.937 0.43 182 73 30 8.4

W12x27 12.000 6.500 0.375 0.25 76 44 30 6.9

Table B-4. Properties of steel stringers (continued)
(Fy = 36 ksi, f b = 27 ksi, f v = 16.5 ksi)

Nominal 
Size

d
(in)

b
(in)

Tf
(in)

tw
(in)

m
(kip-ft)

v
(kips)

Lm
(ft)

Lc
(ft)
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S12x50 12.000 5.500 0.687 0.68 113 120 30 5.8

S12x32 12.000 5.000 0.562 0.37 81 62 30 5.3

S12x34 11.250 4.750 0.625 0.43 81 72 28 5.0

W11x76 11.000 11.000 0.812 0.50 202 67 28 11.6

S10x29 10.625 4.750 0.562 0.31 67 48 27 5.0

W10x25 10.125 5.750 0.437 0.25 59 38 25 6.1

S10x40 10.000 6.000 0.687 0.37 92 53 25 6.3

S10x35 10.000 5.000 0.500 0.62 65 88 25 5.3

S10x25 10.000 4.625 0.500 0.31 55 46 25 4.9

W10x21 9.875 5.750 0.312 0.25 48 36 25 6.1

W10x59 9.250 9.500 0.687 0.43 132 56 25 10.0

S9x25 9.500 4.500 0.500 0.31 51 43 24 4.8

S9x50 9.000 7.000 0.812 0.37 103 45 23 7.4

S8x35 8.000 6.000 0.625 0.31 65 34 20 6.3

S8x28 8.000 5.000 0.562 0.31 49 35 20 5.3

W8x31 8.000 8.000 0.437 0.31 61 33 20 8.4

W8x44 7.875 7.875 0.625 0.75 81 40 20 8.3

W7x35 7.125 7.125 0.562 0.37 58 37 18 7.5

W6x31 6.250 6.250 0.562 0.37 45 31 16 6.6

Table B-4. Properties of steel stringers (continued)
(Fy = 36 ksi, f b = 27 ksi, f v = 16.5 ksi)

Nominal 
Size

d
(in)

b
(in)

Tf
(in)

tw
(in)

m
(kip-ft)

v
(kips)

Lm
(ft)

Lc
(ft)
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Table B-5. Dead-load moment and shear

L
(ft)

Timber Stringer/Timber Deck Steel Stringer/Timber Deck

One-Lane Two-Lane One-Lane Two-Lane

MDL
(kip-ft)

VDL
(kips)

MDL
(kip-ft)

VDL
(kips)

MDL
(kip-ft)

VDL
(kips)

MDL
(kip-ft)

VDL
(kips)

70 649.26 37.10 1,133.13 64.75

65 538.68 33.15 937.42 57.69

60 441.00 29.40 765.00 51.00

55 355.44 25.85 614.45 44.69

50 281.25 22.50 484.38 38.75

45 217.69 19.35 373.36 33.19

40 164.00 16.40 280.00 28.00

38 145.12 15.28 247.85 26.03

36 127.66 14.18 217.08 24.12

34 111.55 13.12 189.30 22.27

32 96.77 12.10 163.84 20.48

30 91.13 12.15 160.88 21.45 83.25 11.10 140.63 18.75

28 76.24 10.89 134.06 19.15 70.95 10.14 119.56 17.08

26 63.04 9.70 110.36 16.98 59.83 9.20 100.56 15.47

24 51.41 8.57 89.57 14.93 49.82 8.30 83.52 13.92

22 41.26 7.50 71.51 13.00 40.90 7.44 68.37 12.43

20 32.50 6.50 56.00 11.20 33.00 6.60 55.00 11.00

18 25.03 5.56 42.85 9.52 26.10 5.80 43.34 9.63

16 18.75 4.89 31.87 7.97 20.10 5.02 33.28 8.32

14 13.57 3.88 22.88 6.54 14.99 4.28 24.75 7.07

12 9.40 3.13 15.70 5.23 10.73 3.58 17.64 5.88

10 6.13 2.45 10.13 4.05 7.25 2.90 11.88 4.75

9 4.80 2.13 7.89 3.51

8 3.66 1.83 5.98 2.99

Table B-6. Profile factors

Serial No Span-to-Rise Ratio Factor Remarks

1 Up to 4 1.0
For a given load, a flat arch of steeper profile 
(although it has a very large rise) may fail due 
to the crown’s action as a smaller, flatter arch.

2 Over 4 See Figure B-9
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Table B-7. Arch factors

Material Factors

Serial No. Type of Material Factor

1 Granite, white stone, or built-in course masonry 1.50

2 Concrete or blue engineering bricks 1.20

3 Good limestone masonry and building bricks 1.00

4 Poor masonry or any kind of brickwork 0.70 - 0.50

Joint Factors

Serial No. Type of Joint Factor

1 Thin joints, 1/10 inch or less in width 1.25

2 Normal joints, width to 1/4 inch, pointed mortar 1.00

3 Normal joints, mortar unpointed 0.90

4 Joint over 1/4 inch, irregular good mortar 0.80

5 Joint over 1/4 inch, mortar with voids deeper than 1/10 of the ring thickness 0.70

6 Joints 1/2 inch or more, poor mortar 0.50

Deformations

Serial No. Condition Adjustment Note

1
The rise over the 
affected portion is 
always positive.

Discard profile factor already 
calculated and apply span-to-
rise ratio of affected portion to 
whole arch.

Arch ring deformation may be 
due to partial failure of the ring 
(usually accompanied by a sag 
in the parapet) or movement at 
the abutment.

2
Distortion produces a 
flat section of profile.

Maximum MLC = 12.

3
A portion of the ring is 
sagging.

Maximum MLC = 5 only if fill at 
crown > 18 inches.

Abutment Size Factors

Serial No. Type of Abutment Factor Note

1 Both abutments satisfactory 1.00 An abutment may be regarded 
as inadequate to resist the full 
thrust of the arch if—

• The bridge is on a 
narrow embankment, 
particularly if the 
approaches slope 
steeply up to the bridge.

• The bridge is on an 
embanked curve.

• The abutment walls are 
very short and suggest 
little solid fill behind the 
arch.

2 One abutment unsatisfactory 0.95

3 Both abutments unsatisfactory 0.90

4 Both abutments massive but a clay fill suspected 0.70

5 Arch carried on one abutment and one pier 0.90

6 Arch carried on two piers 0.80
Bridge Classification B-15
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Table B-7. Arch factors (continued)

Abutment Fault Factors

Serial No. Type of Fault Factor

1 Inward movement of one abutment 0.75 - 0.50

2 Outward spread of abutments 1.00 - 0.50

3 Vertical settlement of one abutment 0.90 - 0.50

Crack Factors

Serial No. Type of Crack Factor Note

1

Longitudinal cracks within 2 feet of the 
edge of the arch; if wider than 1/4 inch and 
longer than 1/10 of the span, in bridges.

• Wider than 20 feet between 
parapets.

• Narrower than 20 feet between 
parapets.

1.00

0.90 - 0.70

Due to an outward force on the 
spandrel walls caused by a 
lateral spread of the fill.

2

Longitudinal cracks in middle third of the 
ridge with—

• One small crack under 1/8 inch 
wide and shorter than 1/10 of the 
span.

• Three or more small cracks as 
above.

• One large crack wider than 1/4 
inch and longer than 1/10 of the 
span.

1.00

0.50

0.50

Due to varying amount of 
subsiding along the length of 
the abutment; large cracks are 
danger signs which indicate 
that the arch ring has broken 
up into narrower independent 
rings.

3
Lateral and diagonal cracks less than 1/8 
inch wide and shorter than 1/10 of the 
arch width

1.00
Lateral cracks, usually found 
near the quarter points, are 
due to permanent deformation 
of the arch, which may be 
caused by partial collapse of 
the arch or by abutment 
movement.  Diagonal cracks, 
usually starting near the sides 
of the arch at the springing and 
spreading toward the center of 
the arch at the crown, are 
probably due to subsiding at 
the sides of the abutment.

4

Lateral and diagonal cracks wider than 1/4 
inch and longer than 1/10 of the arch 
width:  Restrict load class to 12 or to the 
calculated class using all other applicable 
factors, whichever is less.

5
Cracks between the arch ring and 
spandrel or parapet wall greater than 1/10 
of the span due to fill spread

0.90
Cracks indicate that the bridge 
is in a dangerous condition due 
to spreading of the fill pushing 
the wall outward or movement 
of a flexible ring away from a 
stiff fill, so that the two act 
independently.  The latter type 
of failure often produces cracks 
in the spandrel wall near the 
quarter points.

6

Cracks between the arch ring and 
spandrel or parapet wall due to a dropped 
ring:  Reclassify from the nomograph, 
taking the crown thickness as that of the 
ring alone.
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Table B-8. Section moduli for composite steel stringers

Nominal 
Size

d
(in)

b
(in)

Sc

(cu in)
td = 3”

Sc

(cu in)
td = 4”

Sc

(cu in)
td = 5”

Sc

(cu in)
td = 6”

Sc

(cu in)
td = 8”

W36x300 36.750 16.625 1,105 1,264 1,323 1,380 1,489

W36x230 35.875 16.500 835 972 1,018 1,061 1,145

W36x194 36.500 12.125 663 805 847 887 961

W36x182 36.375 12.125 621 757 796 833 902

W36x170 36.125 12.000 579 709 745 779 844

W36x160 36.000 12.000 541 667 701 733 794

W36x150 35.875 12.000 502 624 656 686 744

W33x220 33.875 15.750 740 868 910 951 1,031

W33x200 33.625 15.750 669 789 828 865 938

W33x141 33.250 11.500 446 555 585 612 666

W33x130 33.125 11.500 404 509 536 561 612

W30x172 30.500 15.000 528 630 663 694 757

W30x124 30.125 10.500 354 449 474 497 546

W30x116 30.000 10.500 327 419 442 464 511

W30x108 29.875 10.500 299 387 409 429 473

W27x161 27.625 14.000 455 537 566 595 655

W27x102 27.125 10.000 267 342 362 381 423

W27x94 26.875 10.000 243 315 333 350 390

W27x84 26.750 10.000 213 279 295 311 347

W24x94 24.250 9.125 222 288 306 323 364

W24x84 24.125 9.000 196 258 274 290 326

W24x76 23.875 9.000 176 233 247 262 295

W21x73 21.250 8.250 151 203 216 231 263

W21x68 21.125 8.250 140 189 202 216 246

W21x62 21.000 8.250 127 172 184 197 224

W18x60 18.250 7.500 108 149 160 173 201

W18x55 18.125 7.500 98 137 147 159 184

W18x50 18.000 7.500 89 124 134 145 168

Table B-9. Deck thickness factors for allowable live-load moment

td (in) t x td (in) t x

4 1.00 8 1.20

5 1.05 9 1.25

6 1.10 10 1.30

7 1.15
Bridge Classification B-17
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Figure B-8. Timber-deck classification
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Figure B-9. Profile factors for arch bridges
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Figure B-10. Live-load moment for a 12-inch reinforced concrete strip
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Figure B-11. Masonry arch PLC
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Figure B-12. Bridge class
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Figure B-13. Live-load moment for wheeled vehicles
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Figure B-14. Live-load moment for tracked vehicles
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Figure B-15. Live-load shear for wheeled vehicles
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Figure B-16. Live-load shear for tracked vehicles
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Appendix C

Sample Reconnaissance OPORD

A sample reconnaissance OPORD is shown in Figure C-1.  

______________________
Classification

Copy   1   of  10   copies
HQ, 99th Engineer Battalion
NK111111
080500 JAN 97

OPERATION ORDER 97-11

References: 1st Bde OPORD 97-23

Map sheet V107

Time Zone Used Throughout The Order:  Local

Task Organization:

A/99 En Bn B/99 En Bn Bn control

1/C/99 En Bn C/99 En Bn (-)

  Recon Team 1

1. SITUATION.

a. Enemy Forces.

(1) Terrain and Weather.

(a) Observation is generally limited along the valley floor due to the terrain’s
undulating nature.  Multiple intervisibility lines, generally running north to south and spaced between
500 to 1,000 meters, will hamper observation.  Movement to the higher elevations along either the
north or south wall will obviously improve observation.  Winds (expected to exceed 20 knots until at
least 111200 JAN 97) will lift sand from the desert floor and hamper observation.  Observation at
night will be extremely limited due to the light data for the next 72 hours.  Note that on  8 JAN 97 the
moon sets before the sun and on 9 through 11 JAN, the moon sets soon after the sun; therefore,
night-vision goggles (NVGs) will provide limited capabilities for the next 72 hours and make
observation, movement, and the acquisition of OBSTINTEL more difficult.

______________________
Classification

Figure C-1. Sample reconnaissance OPORD
Sample Reconnaissance OPORD C-1
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______________________
Classification

 (b) The only cover from both direct and indirect fires is provided by the
undulating terrain previously mentioned.  Concealment during movement can be enhanced by
traveling parallel to the intervisibility lines when available.  The dusty and windy conditions may
make mounted movement less detectable by the enemy.

(c) The pipeline running parallel to the LD along the 30 easting is the only
existing obstacle in the AO.  Crossing points for this pipeline have been identified at NK 302215 and
NK 295090.

(d) The terrain in the vicinity of the templated obstacle system is believed to be
unsuitable for minefield reduction by MCBs because of the undulating terrain and the soil
composition.

(2) Enemy Situation.

(a) The 133d motorized rifle battalion (MRB) is currently preparing defenses
along the 47 easting.  This unit’s expected strength is estimated to be 12 T-80s, 32 BMP-1s, 3 AT-5s,
and 1 dismounted infantry company.  The 133d MRB began preparing its defenses 071500 JAN 97
and are not expected to complete its countermobility and survivability effort before 091600 JAN 97.
The 133d MRB is expected to have a company-size combined-arms reserve at a strength of three T-
80s and eight BMP-1s.

(b) As of 080100 JAN, three enemy MRCs have been located and are depicted
on the SITEMP.  The expected positioning of the subordinate MRPs is also templated as well as the
anticipated combat security observation post (CSOP) and artillery positions.  Expect to come within
direct-fire range of the CSOPs when crossing the 42 easting and the main defenses when crossing
the 44 easting.  Enemy artillery is expected to be in position not later than (NLT) 081600 JAN;
expect to come within indirect-fire range when crossing the 25 easting.  However, the enemy will
rarely use indirect fires against recon forces.  Expect the enemy to use its rotary-wing assets in its
attempt to try to locate and destroy recon forces.  The enemy is not expected to be supported by
fixed-wing aircraft.  Although the enemy has the capability to employ chemical weapons, it has
chosen not to due so thus far in the campaign.  However, if the enemy does employ chemicals, we
expect them to emplace a persistent chemical agent at center of mass NK 410280. 

______________________
Classification

Figure C-2. Sample reconnaissance OPORD (continued)

Date BMNT SR SS EENT MR MS 
Start
NVG

Stop
NVG

% Illum

8 JAN 0555 0654 1701 1800 0550 1633 ***** ***** 0%

9 JAN 0555 0653 1702 1801 0643 1743 ***** ***** 0%

10 JAN 0555 0653 1703 1802 0731 1853 ***** ***** 4%

11 JAN 0554 0653 1704 1803 0813 2002 ***** ***** 9%
C-2 Sample Reconnaissance OPORD
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______________________
Classification

The enemy is not nuclear capable.  Expect the enemy to use dismounted strong points to tie its
obstacles into the restricted terrain at vicinities NK 450210 and NK 440100.  These dismounted
forces will be supplied with AT-5s to assist in their mission of preventing the obstacle system from
being reduced along the walls of the valley.  Additionally, the enemy will use dismounted patrols to
protect all minefields. 

(c) The templated obstacle system is included on the SITEMP.  No confirmed
obstacle locations have been obtained as of 080100 JAN.  We expect the enemy to continue to lay
its minefields similar to the method used throughout the campaign.  We expect the enemy to
mechanically lay its minefields and expect each minefield to be comprised of SB-MV mines and be
200 to 300 meters long and 60 to 120 meters deep.  The mine spacing has consistently been 4.5
meters and the depth of the mines have been up to 9 inches.  NOTE:  The SB-MV is magnetic-
influence initiated and must be detected by probing.  Operating hand-held mine detectors
may detonate the mine.   If mines are surface laid, it is probably due to the soil conditions and
indicates the probable success of using MCBs.  The enemy has routinely used a single-strand of
concertina fence on the enemy side of the minefield as a frat fence.  The enemy is expected to
emplace a total of 15 minefields in its defense.

b. Friendly Forces. 

(1) Higher.  

(a) 1st Brigade plans to conduct a brigade breaching operation and penetrate the
northern MRP of the northern MRC as shown on the SITEMP.  Other brigade recon assets include
two COLTs and one chemical recon vehicle.  The planned locations for each of these assets are
shown on the maneuver graphics.

(b) Engineer recon team 1 is attempting to answer the brigade commander’s PIR
for location, composition, and orientation of the enemy’s obstacles.

(c) If bypasses of the enemy obstacles can be located, the brigade commander
would prefer to bypass the obstacles as close to the north wall as possible.

(2) Lower.  Do not expect TF recon assets to cross the LD before EENT on 9 JAN 97.  

2. MISSION.  The 99th Engineer Battalion conducts an area recon of NAI 301 NLT 082000 JAN
97 to facilitate the brigade’s attack at 110500 JAN 97.

3. EXECUTION.  

Intent.  The purpose of this mission is to identify enemy obstacles within NAI 301 to confirm or deny
the enemy’s COA and facilitate breaching operations.  The end state is the identification of enemy
obstacles in NAI 301 NLT 100500 JAN 97 and recon team 1 in position at checkpoint (CP) 15 ready
to link up and guide the breach force to the obstacle location NLT 110001 JAN 97.  

______________________
Classification

Figure C-3. Sample reconnaissance OPORD (continued)
Sample Reconnaissance OPORD C-3
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______________________
Classification

a. Concept of Operation.  The battalion conducts an obstacle-oriented area recon.  Recon
team 1 will cross the LD NLT 082000 JAN.  The brigade will have at least two batteries ready to
provide indirect fires out to PL Celtics throughout the recon effort, and the attack helicopter battalion
(AHB) will support casualty evacuation.  Team 1 will cross the LD about 24 hours before the TF
scouts in an attempt to observe the enemy emplacing obstacles while the TF is still planning its R&S
effort.  The recon team will link up with TF 1-23 scouts (who will provide security) before conducting
obstacle recon.  Recon team 1 will complete its area recon of NAI 301 NLT 100500 JAN to facilitate
mounted rehearsals by the brigade during daylight hours on 11 JAN 97.  Recon team 1 will continue
to observe NAI 301 until 101700 JAN and report any further engineer activity.  At 101800 JAN 97,
recon team 1 will move to CP 15 and be in position NLT 110001 JAN 97, prepared to link up and
guide the breach force to the obstacle location.

b. Tasks to Subordinate Units.

(1) Battalion’s TOC.  The battalion’s TOC will— 

(a) Provide liaison personnel to colocate with the recon team until they cross the LD
and ensure that liaison personnel obtain a copy of the recon team’s maneuver graphics.

(b) Coordinate the recon team’s indirect fire plan with the FSO and confirm targets
with the team leader once they are coordinated.

(2) Battalion S4.  The battalion S4 will obtain the current logistical status of recon team
1.  He will ensure that unit basic load (UBL) levels are reestablished NLT 081200 JAN 97 and report
to the TOC upon completion.

(3) A/99 En Bn.  A/99 En Bn will conduct liaison activities between recon team 1 and TF
1-23 according to the battalion’s TACSOP.

(4) Recon team 1.  Recon team 1 will—

(a) Report the current logistical status to the S4 NLT 080800 JAN 97.

(b) Backbrief the plan to the battalion commander via FM radio at 081300 JAN 97.  

(c) Provide TF 1-23 the team’s graphics, via the A/99 En Bn’s TOC before crossing
the LD.

(d) Forward requested indirect-fire targets to the battalion’s TOC NLT 081600 JAN
97.

(e) Coordinate link up with the TF 1-23 scouts for security during obstacle recon.

(f) Conduct an area recon of NAI 301 NLT 082000 JAN 97 to verify the composition
of obstacles within the NAI.

______________________
Classification

Figure C-4. Sample reconnaissance OPORD (continued)
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______________________
Classification

c. Coordinating Instructions.

(1) Task organization is effective upon receipt of this order.

(2) All units will participate in the intelligence updates to occur at 0800 and 2000 each
day.

(3) The LOA for recon assets is PL Celtics.

4. SERVICE SUPPORT.

a. Support Concept.

(1) The recon team will cross the LD fully uploaded according to the battalion’s TACSOP.
These supplies will come from the engineer battalion.  This basic load is expected to sustain the
team throughout the mission.

(2) Emergency resupply will be coordinated through the engineer battalion’s TOC and
delivered by aviation assets.  Backup resupply will be through TF 1-23.

b. Medical Evacuation and Hospitalization.  The primary means of MEDEVAC is by air
(requested through the battalion’s TOC); backup is by ground evacuation (performed by TF 1-23).

c. Personnel Support.  EPWs will be turned over to TF 1-23 for evacuation to the rear.

5. COMMAND AND SIGNAL.

a. Command.  The chain of command is the commander, the XO, the S3, and the
commander of C Company.

b. Signal.

(1) All traffic from recon team 1 to the battalion’s TOC will be over MSRT (primary) or the
battalion’s command net (alternate).

(2) The recon team’s current location will be sent by the battalion’s TOC to TF 1-23.

(3) OBSTINTEL will be reported according to the TACSOP.

ACKNOWLEDGE:

                                PATTON
                                    LTC

OFFICIAL:

(Authentication)
Overlays:
SITEMP
Maneuver graphics with artillery targets
CSS graphics

______________________
Classification

Figure C-5. Sample reconnaissance OPORD (continued)
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Appendix D

Engineer Recon

A general engineer recon gathers engineer information of a broad nature
within an AO. It considers construction material, resources, and terrain
features having engineer applications.

A general engineer recon may be conducted in conjunction with other recons.
The Engineer Reconnaissance Report (see Figures D-1 and D-2, pages D-2
through D-6) will help ensure that all important information is captured.       

The Engineer Reconnaissance Report is used to report items that are not
adequately covered by other report forms previously discussed in this manual,
but one of significance to engineer activities. The following information is
included in the report:

• Heading. Self-explanatory.

• Key. The key references the item of the report and its corresponding
location on the recon overlay. The object’s serial number (or critical
point number) is entered in this column.

• Object. Shown by a conventional symbol (see Figure D-3, pages D-7
and D-8) or a brief written description. 

• Work Estimate. If a work estimate is included as part of the report,
enter yes; if not, enter no.

• Additional Remarks. In this column, report the object’s location by
grid coordinates followed by remarks, calculations, and sketches.
Make this information as detailed as possible to alleviate the necessity
for an additional recon.

• Authentication Block. This is for the company commander’s signature
block and signature.

• Work Estimate. The work estimate is on the back of the DA Form
1711-R. Each work estimate is keyed by a serial or critical point
number to the appropriate object on the reverse side of the form. Only
those columns that are appropriate need be completed. Draw
additional sketches when necessary (see Figure D-2). 
Engineer Recon D-1
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Figure D-1. Sample Engineer Reconnaissance Report (front)

SAM
PLE
D-2 Engineer Recon



FM 5-170
Figure D-1. Sample Engineer Reconnaissance Report (front) (continued)
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Figure D-1. Sample Engineer Reconnaissance Report (front) (continued)
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Figure D-1. Sample Engineer Reconnaissance Report (front) (continued)
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Engineer Recon D-5



FM 5-170
Figure D-2. Sample Engineer Reconnaissance Report (back)
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Figure D-3. Engineer resource symbols

Sawmill

Lumber yard

Stone

Aggregate 
(including gravel 
and slag)

Sand

Cement concrete 
products

Stocks of bricks 
and other clay 
products

Iron and 
steel stock

Wire stock

Paint

Glass stock

Gypsum and lime 
products

Asphalt and 
bituminous stock

Stocks of roof 
covering
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Figure D-3. Engineer resource symbols (continued)

Building 
hardware

Industrial gases

Cordage, nets, 
yarns

Civil-engineering 
firms

Building 
contractors

Factories

Factory symbol 
plus plant 
product

Mobile, heavy-
construction 
equipment

Forestry 
equipment

Quarrying 
equipment

Handling and 
transportation 
equipment storage

Powered 
hand tools

Water-purification 
equipment (civilian)

Electrical supply 
equipment

Steel-rolling mills 
and foundries

Engineering 
workshops

Established 
military water 
point

Possible military 
water point
D-8 Engineer Recon



Appendix E

Signs

Procedures for posting military routes are standardized for the US and
Allied Nations (STANAG 2027). However, this system may be integrated
into other road-sign systems in accordance with military requirements. 

MILITARY ROUTE SIGNS

There are three general types of standard route signs—hazard, regulatory,
and guide. Table E-1 lists the way each type may be used. The size of these
signs is not prescribed; they must be large enough to be easily read under poor
lighting conditions. Exceptions to this rule are bridge classification signs for
which dimensions are specific. As a guide, signs for civil international road
use are usually not less than 16 inches square. 

Table E-1. Typical hazard, regulatory, and guide signs

Application

Type
Hazard Regulatory Guide

Advance warning of stop 
signs and traffic signals

No entry Detour

Changes in road width One way Detour begins

Crossroad Parking restrictions Detour ends

Curves
Specific regulations for 
vehicles

Directions

Danger or hazard Speed limit Distances

Dangerous corner Stop Information to help driver

Dips Bridge classification Locations

Junction T Route number

Junction Y

Level railroad crossing, 
advance warning

Men working

Railroad crossing

Road construction 
repairs

Road narrows

Slippery road

Steep grades

Steep hill

Turns

This appendix implements STANAGs 2027 and 2154.
Signs E-1
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HAZARD SIGNS

Hazard signs indicate traffic hazards and require coordination with civil
authorities. Hazard signs are square and are installed in a diamond position
(see Figures E-1 and E-2). A military hazard sign has a yellow background
with the legend or symbol inscribed in black. The wording on these signs is in
the language or languages determined by the authority erecting the sign. 

Figure E-1. Example of hazard signs not included in the Geneva Convention

Curve to right Sharp curve to Winding curves

Railroad crossing T-junction Primary road crossing 
secondary road

STEEP
HILL

WINDING
ROAD

ROUGH
ROAD

ONE
LANE
ROAD

MEN
WORKING

SLIPPERY
WHEN
WET
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REGULATORY SIGNS

Regulatory signs regulate and control traffic and define the light line.
Regulatory signs have a black background on which the legend or symbol is
superimposed in white. Exceptions to these rules are bridge classification
signs, stop signs, no-entry signs, and signs that apply to civil as well as
military traffic. Check with civilian authorities to ensure compliance when
erecting signs in areas with civilian traffic.

Light Line

Indicate the light line (the line where vehicles must use blackout lights at
night) with a rectangular sign preceded by two warning panels placed
according to the situation and nature of the terrain (see Figure E-3, page E-4).
Locate the first warning panel 200 to 500 meters before the light line.

Bridge/Raft Signs

All classified vehicles and bridges in the theater of operations require
classification signs. Bridge signs are circular with yellow background and
black inscriptions. Sign diameters are a minimum of 40 centimeters for one-
lane bridges and 50 centimeters for two-lane bridges. A two-lane bridge has
two numbers, side by side, on the sign. The number on the left is the bridge
classification when both lanes are in use at the same time. The number on the
right indicates the classification if the bridge is carrying one-way traffic and
the vehicles proceed along the centerline of the bridge (see Figure E-4, page
E-4). 

Figure E-2. Examples of hazard signs included in the Geneva Convention

Yellow 
background
Yellow 
background

Red

Red

Black

Black
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For bridges with separate classifications for wheeled and tracked vehicles
(dual classification), use a special circular sign that indicates both
classifications (only applicable if the classification is over 50) (see the right
side of Figure E-4). Use a separate rectangular sign, if necessary, to show the
bridge’s width limitations. For one-way or two-way traffic bridges, the sign is
to be a minimum of 50 centimeters.

Rectangular Bridge Signs

Additional instructions and technical information are posted on rectangular
signs, which are a minimum of 41 centimeters in height or width and have a
yellow background with the appropriate letters and symbols in black. Write
the figures as large as the sign permits. Theater commanders may make
special arrangements to indicate vehicles of exceptional width or to indicate
low overhead obstructions. Use separate signs to show width or height
limitations (see Figure 5-38, page 5-52) or technical information (see Figure
E-5). Width and height signs are not required on bridges where existing
civilian signs are in place and sufficiently clear. 

Figure E-3. Warning and enforcement signs

Figure E-4. Bridge signs

BLACK-OUT
1,000 M

Enforcement sign Warning sign

Size of sign: 70 x 60 cm
Colors: White lettering on black background

10'

66 78

78

68

One-way

23 Two-way

One-wayTwo-way

18 23

57 68
E-4 Signs



FM 5-170
Multilane Bridge Signs

Bridges of three or more lanes are special cases that require individual
consideration; the minimum widths for respective load classifications (see
Table 5-8, page 5-51) are used. In some cases, heavier loads can be carried on a
restricted lane rather than on the other lanes (see Figures E-6 and E-7, page
E-6). Under such circumstances, post standard bridge-classification signs for
each lane and mark the restricted lanes with barricades, painted lines, or
studs.  

Bridge Sign Placement

Ensure that signs are placed properly (as listed below) to maintain
uninterrupted traffic across a bridge.

• The bridge classification sign is placed at both ends of the bridge in a
position that is clearly visible to all oncoming traffic.

• Rectangular signs, other than those indicating height restrictions, are
placed immediately below the bridge classification (circular) signs.

• Signs that indicate height restrictions are placed centrally on the
overhead obstruction.

• Special classification numbers are never posted on standard bridge-
marking signs.

• Appropriate advance warning signals are placed on bridge
approaches, as required.

Figure E-5. Bridge sign containing technical information

45

FLOATING BRIDGE
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Figure E-6. Typical multilane bridge classification

Figure E-7. Example of posting a damaged bridge

40 40
80 80

VEHICLES 
ABOVE CLASS 
40 USE INSIDE 
LANE
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GUIDE SIGNS

Guide signs indicate direction or location. These signs consist of the military
route number and the appropriate directional disk. If standard signs are not
available, construct military route guide signs by placing a directional disk
over a rectangular panel upon which the route number is inscribed (see Figure
E-8).

Directional Disks

A directional disk consists of a fixed black arrow, with or without a bar, on a
white background. Eight equally spaced holes around the edges of the
circumference allow the disk to be nailed with the arrow pointing in the
desired direction. These disks are no larger than 16 inches in diameter (see
Figure E-9, page E-8). They are used as standard guide signs to indicate
military axial and lateral routes. Directional disks may be used together with
unit signs to indicate direction to locations of major units (groups and above).
Smaller units may not use directional disks. However, any arrow sign that
provides a different shape and color from the standard direction disks can be
used to indicate smaller units.

Headquarters and Logistical Signs

Use these signs to mark a headquarters and logistical installation. Use the
appropriate military symbol (see FM 101-5-1). The inscription is black on a
yellow background.  This symbol may be supplemented by national
distinguishing symbols or abbreviations. For division headquarters and above,
nationality is always indicated. Colors other than black or yellow are
prohibited except for national distinguishing symbols.

Figure E-8. Military route guide signs for axial routes

 205

    205

OR

Forward traffic straight on
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Casualty Evacuation Route Signs

Indicate casualty evacuation routes on rectangular signs (see Figure E-10).
The signs have a white background with red inscriptions of a directional
arrow, a red cross (red crescent for Turkey), and a unit or subunit designation
(if required). An alternate sign may be made from a white disk with four
segments cut out to give an X shape. The inscriptions are shown in red.

Figure E-9. Examples of directional arrows

Figure E-10. Examples of guide signs for casualty evacuation routes

To the FEBA From the FEBA Turn right Turn left

Fork right Fork left Sharp turn 
right rear

Sharp turn 
left rear

For all nations 
except Turkey

Space for 
designation of 
unit or subunit

For Turkish 
medical units
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Unit Direction Arrow

Use temporary unit direction arrows to mark march routes (see STANAG
2154) (see Figure E-11). In addition to the direction arrow, include the unit
identification symbol as part of the inscription. Unit route signs are placed in
advance of the moving column and are picked up by a trail vehicle.

Military Detour Signs

Detour signs consist of a white arrow superimposed on a blue square. Place
the sign in a diamond position (see Figure E-12, page E-10). Show the number
of the diverted route by placing the number on the square over the arrow or
placing the number on a small panel under the square.

ROAD MARKERS IN AREAS OF HEAVY SNOW

Posting road signs in areas of heavy snowfall requires special attention.
Ensure that the markers are placed evenly on both sides of the traveled way.
In open country, use poles of appropriate height with direction markers, snow
markers, or flags. Erect markers at least one meter off the traveled way to
avoid traffic damage. If you cannot completely mark a road, erect arrow signs
at prominent points to indicate road direction. Road markers and signs used
for long periods of time in areas of heavy snow should be checked frequently to
ensure that their positions have not altered. In areas with prolonged
conditions of snow, yellow (international orange) may be substituted for white
on all standard military route signs.

VEHICLE SIGNS

There are two types of vehicle signs: front and side. Use front signs on all
vehicles, except trailers, to show the classification of the laden vehicle. Use
side signs on towing vehicles and trailers only to show the classification of the
laden towing vehicles or trailers by themselves.

Both signs are circular and marked in contrasting colors consistent with
camouflage requirements. Black figures on a yellow background may be used.

Figure E-11. Unit direction arrow

15 cm 12 cm3 cm

30 cm 15 cm 15 cm

60 cm

Space for 
military 
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The front sign is 23 centimeters in diameter and the side sign is 15
centimeters in diameter.

Place or paint the front sign on the front of the vehicle, above or on the
bumper, and below the driver’s line of vision. When possible, place it on the
right side, facing forward. Place or paint the side sign on the vehicle’s right
side facing outward.

Make the inscription on the sign as large as the sign allows. The front sign—
except on towing vehicles and tank transporters—indicates the vehicle’s laden
solo class. On towing vehicles, the front sign indicates the train’s combined
load class. Above this number, write the letter C to distinguish the vehicle as a
towing vehicle (see Figure E-13). On tank transporters and similar type
vehicles, the fixed front sign shows the maximum classification of the laden
vehicle. In addition, one alternative front sign may be carried. Place it so that
it covers the fixed front sign, when necessary, to show the class of the vehicle
when unladen. The side sign (used only by prime movers of combination
vehicles and trailers) indicates the laden solo class of the prime mover or
trailer.

Single vehicles (including tank transporters) carry the front sign only, towing
vehicles carry both front and side signs, and trailers carry side signs only.
Mark all vehicles as given above. See Appendix F for details on determining a
vehicle’s MLC. Marking the following vehicles is optional:

Figure E-12. Examples of detour signs

OR

Detour of axial Route 205
Forward traffic turn right

OR

Detour of axial Route 205
Rearward traffic turn right

205

205

205

205
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• Vehicles of a gross weight of 3.048 tons or less.

• Trailers with a rated capacity of 1.524 tons or less. 

SIGN LIGHTING

The appropriate military authority in the area specifies which signs are to be
illuminated. Primary considerations go to hazard and direction signs. The
system of lighting must remain operational for a minimum of 15 hours
without refueling or changing batteries. Consider the following:

• Under normal conditions, each armed force is responsible for ensuring
that standard signs are visible at night and other periods of reduced
visibility. Take necessary precautions in tactical situations.

• Under reduced lighting conditions, the positioning of the signs and the
methods adopted to make them visible (illumination or reflection)
must enable personnel to see them from vehicles fitted with reduced
lighting or filtering devices.

• In a blackout zone, signs are equipped with upper shields that prevent
light from being directly observed from the air. The light illuminating
the sign is of such low intensity that it is not possible to locate the sign
from the air at altitudes greater than 150 meters by its reflection off
the road surface. Illumination devices are positioned so they can be
recognized by oncoming vehicles at a road distance of 100 meters and
read at a distance of 80 meters.

Figure E-13. Front sign

C
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Appendix F

Military Load Classifications

The basis for MLC is the effect (load, vehicle speed, tire width, and so
forth) a vehicle has on a bridge when crossing. Heavy loads, such as
artillery and tanks, make vehicle classification a very important factor
when determining what can travel down a route.

REQUIREMENT FOR CLASSIFICATION NUMBERS

Classification numbers are mandatory for all self-propelled vehicles having a
total weight of 3 tons or more, as well as all trailers with a payload of 1 1/2
tons or greater (see STANAGs 2010 and 2021). Trailers with a rated capacity
of less than 1 1/2 tons are usually combined with their towing vehicles for
classification. During the classification process, vehicles are divided and into
two further groups—those with trailers (vehicle combination class number
[CCN]) and those without (single vehicle classification number)—and
calculated accordingly.

PROCEDURES FOR VEHICLE CLASSIFICATION

The actual mathematical computation of a vehicle’s MLC is beyond the
capability of route recon teams. However, temporary procedures are described
below. MLC information is found in the vehicle’s TM or on the dash’s data
plate. 

TEMPORARY PROCEDURE FOR VEHICLE CLASSIFICATION

When a single vehicle tows another vehicle at a distance less than 30.5 meters
and the vehicles are not designed to operate as one unit, the temporary vehicle
MLC number may be assigned to this combination. The classification number
assigned is nine-tenths the sum of the normal vehicle classification numbers if
the total of both classifications is less than 60. If the sum of the two military
classification numbers is 60 or over, then the total becomes the MLC number
for the nonstandard combination.

CCN = 0.9 (A + B) if A + B < 60
CCN = A + B if A + B > 60

where—
A = class of first vehicle
B = class of second vehicle

EXPEDIENT PROCEDURE FOR WHEELED-VEHICLE CLASSIFICATION

It will be necessary, on occasion, to classify a vehicle in the field. Simply
observe and compare the unclassified vehicle to a vehicle that is similar.
Compare the axle loads, gross weight, and dimensions of the unclassified
vehicle with those of a similar classification. 
Military Load Classifications F-1
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Example:  The expedient classification for a wheeled vehicle is estimated to
be 85 percent of its total weight. Therefore, you must determine the vehicle’s
gross weight. Multiply the air pressure in the tires (in pounds per square inch
[psi]) by the total area (in square inches) of the tires in contact with the
ground. If a gage is not available, use 75 psi as an average value. This yields
an approximate weight of the vehicle in pounds. Convert this figure to tons
and find 85 percent of the weight in tons. This resulting figure is the expedient
classification.

EXPEDIENT PROCEDURE FOR TRACKED-VEHICLE CLASSIFICATION

Tracked vehicles weigh about one ton per square foot of track contact with the
ground. By determining the area of track in contact with the ground, the
vehicle’s gross weight can be assigned. In the case of vehicles that weigh a
fraction over whole tonnage, the next higher classification number is assigned.
F-2 Military Load Classifications



Appendix G

Symbols

Table G-1 identifies symbols used in recon missions.

Table G-1. Recon symbols

Symbol Definition

Abbreviated bridge symbol.  Use this symbol only when 
the map scale does not permit the use of the full NATO 
bridge symbol.  Submit DA Form 1249 if this symbol is 
used.  Draw an arrow to the map location of the bridge.  
Show the bridge’s serial number in the lower portion of 
the symbol and the MLC for single-flow traffic in the 
upper portion.  If there are separate load classifications 
for tracked or wheeled vehicles, show the lesser 
classification.  Underline the classification number if the 
width or overhead clearance is below minimum 
requirements.

Concealment.  Show roads lined with trees by a single 
line of circles for deciduous trees and a single line of 
inverted Vs for evergreen trees.  Show woods bordering 
a road by several rows of circles for deciduous trees and 
several rows of inverted Vs for evergreen trees.

Critical points.  Number (in order) and describe critical 
points on DA Form 1711-R.  Use critical points to show 
features not adequately covered by other symbols on 
the overlay.

Ferry.  See Chapter 5 for a complete discussion.

80

4

3

4 VP

60

20
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Ford.  See Chapter 5 for a complete discussion.

Full NATO bridge symbol.  See Chapter 5 for a complete 
discussion.

Grades.  See Chapter 5 for a complete discussion.

Limits of sector.  Show the beginning and ending of a 
reconned section of a route with this symbol.

Parking area.

Table G-1. Recon symbols (continued)

Symbol Definition

1/VP/2.5/X

5         0.5

100 100

60 90

83

4.5 m 135 m

8.2 m

                                       OVER
 5-7%    7-10%  10-14%   14%
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Railway bridge symbol.  Place RL above the symbol to 
indicate a railway bridge.  At the left of the symbol, show 
the overhead clearance.  Show the bridge’s overall 
length at the right of the symbol.  Indicate the traveled-
way width below the symbol and underline it if it is below 
standard for the classification.  Inside the symbol, show 
the bridge classification in the upper half.  If the class is 
different for single-and double-flow traffic, show single 
flow on the left and double flow on the right.  Place the 
railway bridge’s serial number in the lower half of the 
symbol.  Draw an arrow to the map location of the 
bridge.  On the arrow shaft, indicate the ease of 
adapting the bridge for road-vehicle use.  A zigzag line 
means it would be difficult to adapt; a straight line 
means it would be easy to adapt.  Place the bypass 
symbol on the arrow shaft to indicate bypass conditions.

Railroad grade crossing.  Use this symbol to show a 
level crossing where passing trains would interrupt 
traffic flow.  If there is a power line present, show its 
height (in meters) from the ground.  Underline the 
overhead clearance if it is less than 4.3 meters.

10.5 m/X/120/00
6 m/Z/30/4.1 m/(OB)
9 m/V/40/5 m/(OB) (W)

Route-classification formula.  See Chapter 5 for a 
complete discussion.

Series of sharp curves.  See Chapter 5 for a complete 
discussion.

Sharp curve.  See Chapter 5 for a complete discussion.

Table G-1. Recon symbols (continued)

Symbol Definition

RL

45 60

5 60
6

8

6

4.2

7/15

26
Symbols G-3



FM 5-170
Tunnel.  See Chapter 5 for a complete discussion.

Turnout.  Use this symbol to show the possibility of 
driving off the road.  Draw the arrow in the direction of 
the turnout (right or left of the road).  For wheeled 
vehicles, draw a small circle on the arrow’s shaft.  For 
tracked vehicles, draw a small square on the arrow’s 
shaft and place the length of the turnout, in meters, at 
the tip of the arrow.  When a turnout is longer than 1 
kilometer, use double arrows.

Underpass constriction.  See Chapter 5 for a complete 
discussion.

Width constriction.  The number on the left shows the 
narrowest width of the constriction; the number on the 
right is the total constricted length.  Both dimensions are 
in meters.

Table G-1. Recon symbols (continued)

Symbol Definition

15/6

4.00

4 3.5/4.5

1204
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Glossary

1SG first sergeant

2LT second lieutenant

ABE assistant brigade engineer

ACE armored combat earthmover, M9

ACR armored cavalry regiment

ADA air-defense artillery

AHB attack helicopter battalion

AHD antihandling device

AO area of operations

AP antipersonnel

APC armored personnel carrier

approx approximately

AT antitank

attn attention

Aug August

bde brigade

BMNT before morning nautical twilight

bn battalion

BOS battlefield operating system

BP battle position

C2 command and control

CAS close air support

cbt combat

CBR California Bearing Ratio

CBU cluster-bomb unit

CCN combination class number

cdr commander

cgo cargo
Glossary-1



FM 5-170
CL centerline

cm centimeter(s)

co company

COA course of action

COLT combat observation and lazing team

CP checkpoint

CPT captain

CS combat support

CSOP combat security outpost

CSS combat service support

cy cubic yard

DA Department of the Army

DEUCE Deployable Universal Combat Earthmover

DPICM dual-purpose improved conventional munitions

DS direct support

DST decision-support template

DTG date-time group

EA engagement area

EENT end evening nautical twilight

eff effective

EN engineer

eng engineer

engr engineer

EPLRS Enhanced Position Location Reporting System

EPW enemy prisoner of war

equip equipment

FA field artillery

FAC forward air controller

FDC fire-direction center

FEBA forward edge of the battle area

FIST fire-support team

FM field manual

FM frequency modulated

FRAGO fragmentary order
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FSE fire-support element

FSO fire-support officer

ft foot, feet

GPS global positioning system

GS general support

GSR ground surveillance radar

HE high-explosive

HEMTT heavy expanded mobility tactical truck

HHC headquarters and headquarters company

HMMWV high-mobility, multipurpose wheeled vehicle

hor horizontal

hp horsepower

HQ headquarters

hr hour(s)

HVT high-value target

HYSTRU Hydraulic System Test and Repair Unit

ICM improved conventional munitions

illum illumination

IN infantry

in inch(es)

intel intelligence

IPB intelligence preparation of the battlefield

IR information requirements

IRV recovery vehicle, full track

JAAT joint air-attack team

Jan January

Jun June

KCLFF kitchen, company-level, field feeding

KIA killed in action

km kilometer(s)

ksi kips per square inch

LB lowboy

lb pound

LD line of departure
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LMTV light medium tactical vehicle

LOA limit of advance

LOGPAC logistics package

LRP logistics release point

LTC lieutenant colonel

LZ landing zone

m meter(s)

maint maintenance

Mar March

MCB mine-clearing blade

MCOO modified combined obstacle overlay

MD Maryland

MEDEVAC medical evacuation

MET medium equipment transporter

METT-T mission, enemy, terrain, troops, and time available

MICLIC mine-clearing line charge

MKT kitchen, field, trailer mounted

MLC military load classification

mm millimeter(s)

MOOTW military operations other than war

MOPP mission-oriented protective posture

MR moonrise

MRB motorized rifle battalion

MRC motorized rifle company

MRE meal, ready-to-eat

MRP motorized rifle platoon

MS moonset

MSE mobile subscriber equipment

MSRT mobile subscriber radiotelephone

MTOE modified table(s) of organization and equipment

MTV medium tactical vehicle

N north

NA not applicable

NAI named area of interest
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NATO North Atlantic Treaty Organization

NBC nuclear, biological, and chemical

NBCRS Nuclear, Biological, and Chemical Reconnaissance System

NCO noncommissioned officer

NCS net control station

NFA no-fire area

NLT not later than

no. number

NOD night observation device

Nov November

NVD night-vision device

NVG night-vision goggle

NW northwest

O/I operations and intelligence

OBJ objective

OBSTINTEL obstacle intelligence

OCOKA observation and fields of fire, cover and concealment, obstacles,

key terrain, and avenues of approach

OP observation post

OPCON operational control

OPORD operations order

org organization

Pam pamphlet

PC point of curvature

PCC precombat check

PIR priority intelligence requirements

PL phase line

PLC provisional load classification

PLL prescribed load list

PMCS preventive maintenance checks and services

POL petroleum, oils, and lubricant

PSG platoon sergeant

psi pound(s) per square inch

PT point of tangency
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R&S reconnaissance and surveillance

RP release point

rpm rounds per minute

RR railroad

S2 Intelligence Officer (US Army)

S3 Operations and Training Officer (US Army)

S4 Supply Officer (US Army)

SAW squad automatic weapon

SCATMINE scatterable mine

SE southeast

sec second

SEE small emplacement excavator

SFC sergeant first class

SINCGARS single-channel, ground-to-air radio system

SITEMP situational template

SITMAP situation map

SOEO scheme of engineer operations

SOI signal operating instructions

SOP standing operating procedure

SOSR suppression, obscuration, security, and reduction

SP start point

SR sunrise

SS sunset

SSN social security number

STANAG Standardization Agreement

surf surface

t ton

TACSOP tactical SOP

TAMMS The Army Maintenance Management System

temp temperature

TF task force

TIRS terrain index reference system

TM technical manual

TOC tactical operations center
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TOE table(s) of organization and equipment

TOW tube-launched, optically tracked, wire-guided missile

trk truck

trl trailer

TRP target reference point

TTP tactics, techniques, and procedures

TUL tank, unit, liquid-dispensing, trailer mounting

UBL unit basic load

UMCP unit maintenance collection point

US United States

USAES United States Army Engineer School

UXO unexploded ordnance

VA Virginia

vert vertical

w/ with

WP white phosphorous

XO executive officer
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A
aerial recon, 3-6
air defense, 6-10
air support

flares, 6-12
lights, 6-12
mirrors, 6-12
smoke, 6-2, 6-12

air-defense artillery, 6-1
area recon, 3-32, 6-15
area security, 4-4

B
basic load, 7-2
breaching, 4-6
bridge signs, B-1, E-3, E-4, E-5
bridge spans, 5-56
bridge-classification recon, 5-46
bypass symbols, 5-60
bypasses, 4-5, 5-60

C
cannon-launched guided projectiles, 6-3
chemical, 6-13
classes of supply, 7-2
close air support, 6-5, 6-11
combat observation and lazing team, 6-6
combat service support (CSS), 2-5, 4-17, 7-1
combat support (CS), 4-17
command and support, 1-5

attached, 1-5
direct support, 1-6
general support, 1-6
operational control, 1-6

communications, 1-3, 2-4, 4-2
constrictions, 5-14
course of action, 2-1, 4-5, 4-7
CS. See combat support.
CSS. See combat service support.
curve symbol, 5-9

D
decision-support template, 2-2
destruction, 7-9
dismounted element, 4-3
dismounted recon, 3-5

doctrinal templates, 2-2
double flow, 5-4

E
engineer recon, D-1
engineer recon team, 1-2, 2-1, 6-4, 6-6, 6-7, 

7-1
capabilities, 1-2
characteristics, 1-2
limitations, 1-3

evacuation, 7-8, 7-9
event templating, 2-2

F
ferry recon, 5-32
ferry symbol, 5-35, 5-36
field artillery, 6-1, 6-3
fire-support element, 2-4
fire-support team, 6-4
ford symbols, 5-28
fords, 5-27
formula method, 5-8

G
ground surveillance radar, 6-1, 6-12
guide signs, E-1, E-7

H
hazard signs, E-1, E-2
high-explosive rounds, 6-2

I
illumination, 6-2
improved conventional munitions, 6-3
information requirements, 2-3
intelligence preparation of the battlefield, 2-1, 

4-4

L
lane width, 5-3
limited access, 5-3
logistical support, 4-19
logistics package, 7-1

Index
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M
maintenance operations, 7-4
medical treatment, 7-9
military load classification, 5-4, F-1
military route signs, E-1
minimum overhead clearance, 5-5
modified table(s) of organization and 

equipment, 1-3
mortars, 6-1
mounted element, 4-3
mounted recon, 3-4

N
named area of interest, 2-1, 2-2, 3-2, 4-2, 4-18
nuclear, biological, chemical recon, 6-14

O
obstacle and restriction recon, 4-3
obstacle intelligence, 1-4, 2-3, 2-6
obstacle recon, 4-5
obstacle reduction, 4-6
operations order, 3-2, C-1
overhead clearance, 5-18

P
passive air defense, 6-10
point recon, 6-15
prisoners, 7-10

R
recon

elements, 1-1, 4-1
fundamentals, 3-1
objective, 3-1
techniques, 3-3, 3-4

recon by fire, 3-5
reconnaissance and surveillance, 2-1, 2-4

planning, 2-4
regulatory signs, E-1, E-3
responsibilities, 4-22, 4-23
road markers, E-9
road recon, 5-39
road-classification formula, 5-43
roads and airfields, 5-40
route

obstructions, 5-5
recon, 3-7, 6-14
Type X, 5-4
Type Y, 5-4
Type Z, 5-4
width, 5-3

route classification
formula, 5-2
overlay, 5-1

route-constriction symbol, 5-15

S
scatterable mines, 6-3
service-station, 7-4
single flow, 5-4
single lane, 5-3
situational template, 2-2, 3-6
slope estimation, 5-9
slope symbol, 5-13
soil types, 5-42
stream recon, 5-24
symbols, G-1

T
table(s) of organization and equipment, 1-3
tactical recon, 1-1, 3-1
tailgate, 7-4
tape-measure method, 5-6
technical recon, 1-2, 3-1
training, 4-1
triangulation method, 5-6
tunnel symbols, 5-17
tunnels, 5-16

U
underpass symbols, 5-15
underpasses, 5-15
underwater recon, 5-29

V
vehicle signs, E-9
vehicles, 1-4, 3-4, 4-2

Fox, 6-13

Z
zone recon, 3-21, 6-15
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ENGINEER RECONNAISSANCE REPORT
For use of the form, see FM 5-170; the proponent agency is TRADOC.

PAGE __________ OF ___________ PAGES

TO FROM

FILE NO PARTY LEADER (Name, Grade, Unit) PLACE-HOUR-DATE

REPORT NO

MAPS SCALE

DELIVER TO (Organization, Place, Hour, and Date)

KEY OBJECT TIME
OBSERVED

WORK
ESTIMATE ADDITIONAL REMARKS AND SKETCH

Engineer Work Estimate On Other Side

TYPED NAME, GRADE, ORGANIZATION SIGNATURE

DA FORM 1711-R, MAR 98 (PREVIOUS EDITION IS OBSOLETE)





ENGINEER WORK ESTIMATE

LOCATION 
KEY

DESCRIPTION OF WORK
UNIT 

REQUIRED
NO 

HOURS

EQUIPMENT MATERIALS

TYPE NO HOURS TYPE UNIT QUANTITY

Reconnaissance Report On Other Side
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RIVER RECONNAISSANCE REPORT
For use of this form, see FM 5-170. The proponent agency is TRADOC.

DATE

TO (Headquarters requesting recon) FROM (Name, grade, and unit of recon officer)

1. ROUTE NUMBER 2. FROM (Initial point) 3. TO (Terminal point) 4. DATE/TIME (of signature)

7. GRID REFERENCE5. MAP SERIES NUMBER 6. SHEET NUMBER

TYPE COORDINATES

8. RECON NUMBER

9. LOCATION OF NEAREST TOWN

DISTANCE DIRECTION NAME OF NEAREST TOWN

10. CROSSING (Name of river or other body of
water)

11. CHARACTERISTICS OF NEAR SHORE
BANK HEIGHT BANK SLOPE BANK STABILITY BANK SOIL TYPE MINES OBSTACLES

(Type)

SLOPE TO DEPTH OF 2
METERS

SOIL TYPE TO DEPTH OF 2
METERS

MINES TO DEPTH OF 2
METERS

OBSTACLES TO DEPTH OF 2
METERS

12. CHARACTERISTICS OF RIVER
GAP WIDTH VELOCITY (m/sec) FLOW DIRECTION BOTTOM COMPOSITION (Mud, sand, gravel/hard-packed or soft)

¼ GAP __________ ½ GAP __________ ¾ GAP__________

MAX DEPTH
¼ GAP __________ ½ GAP __________
¾ GAP__________

ANCHORAGE SUITABILITY (Describe) OBSTACLES

13. CHARACTERISTICS OF FAR SHORE
BANK HEIGHT BANK SLOPE BANK STABILITY BANK SOIL TYPE MINES OBSTACLES

(Type)

SLOPE TO DEPTH OF 2
METERS

SOIL TYPE TO DEPTH OF 2
METERS

MINES TO DEPTH OF 2
METERS

OBSTACLES TO DEPTH OF 2
METERS

REMARKS: (Description of far- and near-shore approaches/assembly areas/available cover and concealment/overall assessment of
crossing-site potential for freezing over or flooding.)

DA FORM 7398-R, JUN 98



DA FORM 7398-R, JUN 98 (Back)

14. OVERHEAD VIEW SCALE: 1 SQUARE =

15. CROSS-SECTIONAL VIEW SCALE: 1 SQUARE =

16. REMARKS (ATTACH PHOTO)
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I N T R O D U C T I O N :
M A K I N G T O U G H D E C I S I O N S

3

Prosecutors see hardcore drunk drivers every day in court, often recog-
nizing them from many other court appearances.As documented in the
Traffic Injury Research Foundation’s 2002 report DWI System
Improvements for Dealing with Hard Core Drinking Drivers: Prosecution,* these
are defendants familiar with the dark corners and back alleys of the legal
system, often taking advantage of prosecutors ill-equipped with the tech-
nical skills and knowledge needed to successfully prosecute hardcore
offenders.After all, impaired driving cases are some of the most difficult
cases to prove.They involve scientific evidence, expert testimony, com-
plex legal issues and jurors who typically identify with offenders.These
cases require nothing less than the highest level of advocacy skills.

One of the more difficult challenges for prosecutors is evaluating fatal
motor vehicle crashes. Prosecutors already know what national data
reflects. Roughly 40 percent of every fatal crash report that prosecutors
assess will involve impaired driving. And, grieving families, law enforce-
ment officers and reconstructionists all look to the prosecutor’s office to
decide the legal ramifications of what happened: Was this an accident or a
vehicular homicide? Was this civil negligence or criminal recklessness? Was a crime
even committed? While they wait for the decision, many prosecutors are
left scratching their heads trying to make sense out of a reconstruction-
ist’s report. Not only are they trying to answer, What happened? but pros-
ecutors want to know If this is what happened, how do I prove it? Tough
decisions to make, and to make those decisions, prosecutors need to be
armed with the best knowledge available.

This publication serves as a primer for prosecutors on the basic science,
investigative techniques and what questions to ask.Thanks to Professor
John Kwasnoski, author and nationally-recognized expert on crash
reconstruction, much of the mystery, myth and mathematical phobias
surrounding this material will be dispelled.

* For the complete text of the report, visit www.trafficinjuryresearch.com
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Never before has material like this been assembled for prosecutors, and
our hope is this publication will be used by prosecutors to strengthen
investigations, learn the truth and honor their calling to serve justice.

John Bobo
Director, National Traffic Law Center
American Prosecutors Research Institute
March 2003
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C R A S H R E C O N S T R U C T I O N

B A S I C S

5

By John Kwasnoski
Professor Emeritus of Forensic Physics
Western New England College,
Springfield, MA,

Evaluating the Officer’s Report of the Crash

After a crash, the prosecutor receives a written police report, and in
many cases, a part of that report focuses on the reconstruction of the
crash - the pre-impact motion of the vehicle(s), vehicle speed, etc. and
the cause of the crash. At this early stage in the case after receiving the
report, the prosecutor can strengthen the investigation by critically
assessing the reconstruction and playing the role of the devil’s advo-
cate. At this point, challenging questions must be asked, and in some
instances, additional investigation must be done to close any gaps in
the state’s case.

The prosecutor should be particularly sensitive to issues affecting the
credibility of the potential police witness at trial.The prosecutor should
look for some of the following in the officer’s report of the crash:

1. Have the vehicles involved in the crash been secured? How were
they transported? Are they now covered or secured indoors? If
operator identification becomes an issue, certain types of forensic
evidence may be compromised by weather.
Note: a vehicle should never be released from police control unless
the prosecutor knows that the defense has no further use for the
vehicle and will not want to conduct any further inspection of the
vehicle.

2. Are the locations of witnesses known and documented? The credi-
bility and accuracy of a prosecution witness may be challenged by
defense assertions regarding the perspective of the witness.
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3. Have all aspects of the scene been photographed:

4. Were the vehicles, bodies, or evidence moved prior to being docu-
mented?

5. Does the report include a scale drawing?
6. Was the drag factor of the road measured at the scene? This single

piece of evidence is often the focus of the entire defense attack on
the case since it is an integral part of many methods for estimating
vehicle speed.

7. Did the investigating officer “walk the scene” to look for road defects
or evidence that the road may have caused the collision? While this
activity is usually part of an investigation, the police report often
does not document it, and issues may surface later in the case. By
including this in the report, officers show that they looked for
potential exculpatory evidence as part of the routine course of the
investigation, which dispels any claims of bias.

8. Has the investigator checked for recalls on all of the vehicles involved
in the crash? This issue opens the door for claims of vehicle malfunc-
tion or defect as the cause of the crash.The prosecutor should never
be blindsided by having this issue raised after a vehicle has been
released or a mechanical inspection can no longer be done.

9. Have the event data recorders (EDRs) or “black boxes” been
removed from the vehicles and placed into evidence? The EDRs may
contain information such as the speed, use of brakes, deployment of
the air bags, seat belt use, engine RPM, etc. for as much as five sec-
onds before the crash.The EDR should be secured in anticipation of
being able to read the computer memory at a later time. Some offi-
cers have training in how to down load the data; other agencies rely
on assistance from the dealerships or car manufacturing company.
(Also see pages 25 and 26.)

10. Has the clothing of all the occupants in the defendant’s vehicle been
secured? This may help in debunking the claims that someone else
was driving.

C R A S H R E C O N S T R U C T I O N B A S I C S F O R P R O S E C U T O R S
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• vehicle(s) at final rest position
• evidence of the area of impact
• witness perspectives
• collision debris distribution

• operator’s view approaching crash
• road evidence (and close-ups)
• interiors of the vehicles
• vehicle damage
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7

11. Have the defendant’s injuries and entire body been photographed
and documented? Such injuries may help to establish that the defen-
dant was the operator at the time of the crash.

12. Can the medical responders or hospital personnel who treated the
defendant be identified?

13. Has road evidence been completely documented, including measure-
ments and photographs clearly showing the appearance of tire marks?
A common defense attack is to interpret tire marks differently to
reach a different conclusion about vehicle speed. If the credibility of
the state’s entire case comes down to the observations the officer(s)
made at the scene, the evidence should be documented as complete-
ly as possible. Debris location can be crucial in a specific instance, yet
debris is often less than completely documented.

14. Are there any visibility issues, such as weather, ambient lighting, road
topography, etc. that may affect the defendant’s ability to avoid the
collision? This can best be documented during the initial investiga-
tion, and may be compromised to some extent by trying to recreate
the conditions at a later date.

Search for Gaps Through Visualization
Looking at the report with a critical eye, it is important for prosecutors
to visualize the crash from the information in the report alone. By mak-
ing a conscious image of the crash, second by second, the prosecutor will
immediately see gaps in the paperwork. Using some model cars and
recreating the vehicle motions can clarify additional investigation that
may be needed - gaps in the state’s case may suggest reasonable doubt
later.A few extra minutes spent early in the evaluation of the case can
save the prosecutor hours of work later, and strengthen the case.

Proof of Operation

Prosecutors often make the mistake of taking for granted proof of opera-
tion.After all, this element of the offense hardly seems disputable —espe-
cially after a defendant made an admission of operation and the prosecu-
tion’s reconstruction is completed. But, when the speed calculations are
solid as well as reconstruction proof of criminal negligence, a defendant’s
only defense may be that he was not the operator.This defense often sur-

Crash Reconstruct monoV3  2/12/03  11:05 AM  Page 7



C R A S H R E C O N S T R U C T I O N B A S I C S F O R P R O S E C U T O R S

8 A M E R I C A N P R O S E C U TO R S R E S E A R C H I N S T I T U T E

faces after the investigation has been closed and the defendant’s vehicle
has been released from police control. Initially, officers should try to con-
firm that the defendant was the operator by documenting:
• Observations of eye witnesses who saw that the defendant was operat-

ing the vehicle, either pre-impact, post-impact or both.
• Testimony of medical or emergency personnel.
• Statements of hospital personnel who may have heard the defendant

make an admission of operation.Also, check defendant’s medical
records for admissions.

• Forensic evidence of operation: fingerprints, hair, blood, etc.
• Matching damage to the interior of the vehicle to defendant’s injuries.
• Evidence from occupant protection devices (seat belts, air bags).
• Elimination proof of other occupants.
• Evidence of contact with glass in the vehicle (either lacerations from

windshield glass or “dicing” from tempered side windows)

Head strike evidence, called a “spider
web” fracture, was made in this vehi-
cle by the driver. Sudden rotation of
the car caused by impact with a trac-
tor-trailer spun the vehicle so quickly
that the driver was thrown across
the car before hitting the windshield.
Without reconstructing the crash,
hair evidence in the fractured glass
may have suggested the head strike
to be by the passenger.

If the operator identification becomes an issue, the following questions
may determine whether a reconstructionist or “occupant kinematics
expert” can be of assistance:
1. Is the vehicle secured and in the control of the state?
2.Are the defendant’s clothing and shoes secured?
3. Is the clothing of an operator alleged by the defense secured?
4.Are there photographs of the vehicle interior?
5.Are there complete photographs of the defendant’s injuries, including

areas of the body that are not bruised or injured?
6.Are there autopsy or other photographs of the alleged operator’s

injuries?
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In anticipation of such defenses the prosecutor may want to establish
policies with individual departments and with area hospitals to ensure
that valuable evidence is collected as a routine part of the investigation of
crashes. Medical records, coroner’s reports and autopsy reports may pro-
vide the basis for an expert to reach an opinion as to who was operating
the vehicle at the time of the crash:

Note: Failure to find the indicators above should not be interpreted as
proof that a particular person was not operating the vehicle. In some cir-
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• “pattern injury” on chest from
steering wheel 

• head contact with A-pillar 
(roof supports)

• blood smears on interior 
of vehicle

• fingerprints on steering wheel,
key, control levers, light switch,
rear-view mirror and/or gear shift 

• eye witnesses before or after crash
• blood spatter on driver’s side 

of vehicle 
• knee injury from contact 

with dash
• seat belt marks or abrasions 

consistent with belt use
• fabric fusion onto seat belt or dash
• forensics on deployed air bag
• abrasion from contact with 

head liner
• forensics from windshield spider

web fracture
• seat position 
• pedal impression on bottom 

of shoe 
• shoe transfer onto console (left-to-

right ejection) 

• inability to operate 
manual transmission

• clothing fibers in broken parts 
of dash, controls

• injuries to ribs consistent with
striking door panel

• lacerations on face from 
windshield contact

• dicing or multiple small cuts from
side glass implosion

• teeth impressions on vinyl 
dash material

• damage to rear-view mirror from
head impact

• “pattern injury “on leg from 
shift lever

• “pattern injury” on leg from 
door handle

• personal belongings under seat 
• hair embedded in windshield
• gas purchase receipts or 

convenience store video
• clothing fusion onto seat
• damage to brake pedal consistent

with leg injury 
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cumstances, evidence may not have been documented by police or iden-
tified by other witnesses. Or, the event did not generate evidence that
goes to proof of operation.

The Anatomy of a Crash

A crash occurs in three chronological phases - pre-impact, impact
(engagement), and post-impact.The basic events in the crash are listed
below; not every crash has all of these events, and the events may occur
in a different order than stated:
1. Point of first possible perception - the time and place where the dangerous

or hazardous situation could first have been perceived.
2. Point of actual perception - the time and place where the first perception

of danger occurs.This point may be difficult to determine with any
certainty.

3. Point of no escape - the point and time after which the collision cannot
be avoided.The relationship of the point of no escape to the point of
first possible perception must be determined to answer a key question:
could the crash have been avoided? 

4. Point of operator action - the point and time where the operator initiated
some action such as braking or steering to try to avoid the collision.
Immediately prior to this point is the perception-reaction time of the
operator, which may be a hotly disputed point in the case.

5. Point of initial engagement - the point where contact is first made during
the crash, including the identification of the “point of impact” (POI)
or “area of impact” (AOI). In pedestrian and crossing the center line
cases, the POI is often disputed.This is especially true in pedestrian
cases where the POI is used to estimate vehicle speed.

6. Final rest position (FRP) - the point where a vehicle comes to rest.The
FRP, and how the vehicle got to the FRP (skidding, rolling, combina-
tion of the two) constitute what is called the post-impact trajectory of
the vehicle.

Reconstruction Fundamentals

The reconstructionist’s choice of methodology may be governed by the
nature and completeness of the evidence at a particular crash scene.What
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follows is a concise overview of the various methodologies with particu-
lar emphasis on potential defense attacks on the reconstruction.

Energy Analysis

The pre-impact motion of a vehicle is characterized by what is called
“kinetic energy” or motion energy, which is a mathematical description
involving the vehicle’s speed and weight.As a collision commences, the
vehicle’s kinetic energy and speed are reduced by 
• energy lost to the road surface;
• energy lost during erratic motion and/or side-slipping;
• energy resulting in vehicle damage (and other vehicles or objects);
• energy transferred to property such as utility poles, fences, walls.

When the vehicle reaches its FRP, it has zero kinetic energy.The energy
method of reconstructing the pre-impact speed of a vehicle includes iso-
lating each event and identifying its energy loss, quantifying the energy
loss by the equivalent speed needed to produce each loss, and then
adding the equivalent speeds of all the events together using what is
called “the combined speeds equation” to find the pre-impact vehicle
speed.This is usually a minimum speed since some of the energy cannot
be quantified.

Energy Analysis 1: Speed from Friction Marks Made by Tires
A common crash event involves losing energy (and speed) by transferring
it to the road and causing a visible tire mark (skid,ABS scuff, etc.).The
equivalent speed of such an event depends on road friction (drag factor),
distance over which deceleration occurred, and the degree of braking,
called braking efficiency (BE).These measured quantities can be used to
calculate a minimum speed needed to make the tire marks by using the
speed from skid marks equation:

S (mph) = √ ( 30 (f)(d)(BE) )

This equation has been validated in numerous published studies1 and is
included in every basic crash reconstruction text. Some facts about the
speed from skid marks equation include:
• No vehicle specific information (vehicle make, model, weight, etc.) is
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needed since the equation is derived from the basic physics of the fric-
tional interaction of the tires with the road.

• Reasonable changes in the data produce insignificant changes in calcu-
lated speeds; the result is not sensitive to uncertainties in measured data
used as input into the equation.

• The equation is widely accepted and has been judicially noticed.
• Since tire marks start after braking commences, the equation produces

an underestimate of speed.

Measuring with the Drag Sled
The drag factor of a road surface can be measured with either a drag sled
or accelerometer attached to a vehicle. Both of these devices produce
measurements of equivalent accuracy, if used correctly, as shown in pub-
lished tests.2 The drag sled should not be used to measure the drag factor
on wet roads where the weight of the car would squeegee the water out
from under the tire tread.This is impossible to duplicate with a drag sled.
A drag sled should also not be used on grass, as it cannot accurately pro-
duce the same friction as a full-sized vehicle, whose weight furrows the
tires into the ground when it travels.

Officer pulling a drag sled and reading
the pull force on the calibrated spring
scale.A drag sled is basically a weighted
segment of a tire, and may have many
different configurations. (Photo: cour-
tesy of Ludlow, MA Police Department).

The sled is pulled in the same direction as the vehicle motion, as close as
possible to the actual tire marks, and the pull scale is read when the pull
becomes smooth and free from any jerking motion. Usually multiple
measurements are made over the length of the entire tire mark (tire mark
pattern) to eliminate the suggestion of significant differences within the
tire mark pattern, and investigators may use the lowest measured value
for their calculations.The method for determining the drag factor is
shown as follows:
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The method for determining the
drag factor value using the pull
force and the sled weight.

A table of “typical” values for the drag factor is given below. Some
defense attorneys may misstate that this is the only possible range of values,
but actual roads often fall outside this range because of specific composi-
tion of the road surface material.

dry asphalt, cement .60 - .80
wet asphalt, cement .45 - .70
ice, loose snow .10 - .25
packed snow .30 - .55
Source:Traffic Accident Reconstruction,Vol. 2, Fricke.

Common Defense Attacks
Since the drag factor is an important part of the reconstruction method-
ology, defense attacks attempt to lower the value measured at the scene
by investigators. Some of the more common attacks include:

CLAIM: During measurement, drag sled bounce produced an unaccept-
able uncertainty in the measurement.
REALITY:The drag sled scale is not read until the pull is smooth.

CLAIM: Multiple measurements were not made to reveal variations over
the length of the vehicle motion.
REALITY:Without obvious visible differences in the road surface such
variations usually are insignificant, but multiple measurements are always
the best protection against such a claim.

C R A S H R E C O N S T R U C T I O N B A S I C S
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pulling force = road friction�
��       = 28 lbs

Friction force

weight of sled = 40 lbs�
(pressure tire against road)

drag factor = friction force / weight�
=   28 lbs / 40 lbs = .70

�
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CLAIM: Drag sleds are not acceptable since accelerometers have been
developed.
REALITY: Drag sleds produce the same measured values as accelerome-
ters as has been documented in side-by-side testing.3

CLAIM: Measured drag factor falls outside published ranges.
REALITY:This is a misinterpretation of such tables which are not
intended to imply strict limits on possible drag factor values.4

CLAIM: Drag factor is velocity-dependent and decreases at higher vehi-
cle speeds. In other words, the defense is asserting that the officer meas-
ured the drag factor at a low speed and failed to reduce the drag factor
when used in equations that yield higher speeds.
REALITY: Drag factor values at low speeds are the same as values at
high speeds on dry roads, as shown by recent tests done by NY State
Police and this author. Caveat: Many defense attorneys use Fricke’s table
on the previous page to imply that drag factors depend on speed, but
Fricke’s table is not supported by actual field measurements.

CLAIM:The scale used to pull the sled was not calibrated and is 
inaccurate.
REALITY: Maybe. Police should periodically have their scales checked
against local weights & measures or in some other way to certify their
accuracy.

The Truth About Braking
The length of a braking action is determined by the measurements of the
tire marks on the roadway.These marks should be photographed and
their specific appearance documented to avoid misinterpretation later.A
good practice is to have several officers confirm the nature of the tire
mark evidence, including a complete photographic record. Using a polar-
izing filter to reduce road glare and shooting from several angles may
improve the quality of tire mark photographs. Braking efficiency is deter-
mined by weight distribution and the contribution of each wheel to the
frictional slowing of the vehicle.This determination may involve
mechanical inspection, tire inspection for evidence of braking or scuffing,
and matching the vehicle’s tires to tire marks on the road through rib
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pattern, track width, etc. Tire pressure, tire construction, ambient temper-
ature, and tread depth are not significant factors on dry road surfaces.

Energy Analysis 2: Speed from Vehicle Damage/Crush Analysis
The speed (energy) required to cause permanent deformation of a vehi-
cle can be analyzed by referring to the results of staged automobile crash
tests. Manufacturers routinely conduct controlled tests to evaluate the
“stiffness” of vehicles under various collision configurations (front, side,
rear).These tests yield what are called stiffness constants, numbers that will
describe mathematically how a vehicle’s impact speed is related to the
resulting damage. Databases of these characteristics allow the reconstruc-
tionist to determine the equivalent speed needed to cause damage if the
crush profile or damage dimensions are measured according to a strict
measurement protocol.5 The calculation can be done by hand using an
algorithm developed as part of the EDCRASH computer software,6 or it
can be done with any number of computer software packages available to
reconstructionists.The calculation of crush energy (and equivalent speed)
is done by modeling the damage area into crush zones and then determin-
ing the energy needed to cause the damage in each zone.The intrusion
into each zone, called the crush depth, is measured by a strict protocol that
is consistent with the measurements made during the original staged
crash tests, as shown below. Finally, the zones are totaled, and an equiva-
lent speed to create all the damage is determined. Due to lack of train-
ing, some law enforcement reconstructionists do not use crush analysis,
but the method is generally accepted and should not be overlooked.

Measurements of the crush result-
ing from a frontal impact. Depth of
crush in each zone is measured
from the undamaged dimension of
the vehicle (dashed line).

Energy Analysis 3: Speed From Utility Pole Impact  
Impact speed of a vehicle that strikes a utility pole may be possible to
determine either from the damage to the car or a fracture of the pole.

C1 = 31"   C2 = 27"   C3 = 18"   C4 = 12"

C1�

C2�

C3�

C4

�
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Research done by universities and utility companies on wooden and
metal poles has resulted in a data base that relates pole failure (fracture)
to vehicle speed.7 Research on collisions into utility poles has resulted in
empirical equations that relate intrusion depth to impact speed.8 These
empirical equations can be compared to determine a relatively narrow
range of possible impact speeds that would have resulted in the observed
damage to the vehicle.

As the basis for a separate speed determination, the damage to a pole should
be photographed and measured (height above ground, pole diameter at
damage point, etc), and the age of a wooden utility pole should be deter-
mined. It might also be necessary to secure a sample of the pole itself in a
case where a certain type of analysis is done on the fractured or failed pole.
In some cases, an impact into a tree can be mathematically analyzed using
the utility pole equations, and this involves careful study of the nature of the
impact to be sure it fits the criteria of the utility pole research.

Speed in a Multiple Event Collision 

Once the individual events of the collision have been analyzed and
equivalent speeds determined for each event, the speeds are totaled using
the combined speeds equation, which is based on adding together the
equivalent speeds of the events:

S = √ ( S1
2 + S2

2 + S3
2 + ... )

The reconstructionist may not include all the events.There may be a lack
of empirical evidence, testing, etc. to analyze a specific event like knock-
ing down a mailbox, running through a chain-link fence, jumping a curb,
uprooting a small shrub, etc. Rather than make an assumption necessary,
the reconstructionist simply acknowledges that the event has been left
out of the total; therefore, the combined speeds calculation is a minimum
speed estimate.

It is always better to avoid making assumptions.The credibility of the rest
of the reconstruction may be compromised, opening up a defense attack
that can distract from the case.The best practice is to avoid making
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unfounded assumptions about those events and sticking to a minimum
speed estimate.The combined speeds equation is part of basic reconstruc-
tion texts and is widely accepted. Officers may refer to this method as
the conservation of energy method because they evaluate the energy of each
event and add them together.

Momentum Analysis   

Another method used to determine pre-impact speed is based upon the
principle of conservation of momentum. Every vehicle in motion has a
property called linear momentum, which may be defined by multiplying
the vehicle weight by its speed.The concept of momentum is complicated
by the fact that the momentum also has a direction - the momentum of a
car moving eastbound may be described as positive, while using that frame
of reference, the momentum of a westbound car would be negative. Since
the vehicles often move in paths that are not parallel to one another, the
linear momentum analysis must employ the concepts of trigonometry to
mathematically describe the motions.This generates an abundance of
trigonometry symbols, angles, a zero reference direction and long calcula-
tions that may be well beyond the ability of most jurors to understand.

Momentum Analysis in a Nutshell 
There are eight numbers (called variables) in the general momentum
equation; any six must be known to calculate the other two. Usually, the
two unknowns are the pre-impact speeds of the two vehicles.These vari-
ables include the approach and exit directions of the vehicles as well as
the pre-impact and post-impact vehicle speeds.

The momentum analysis deals only with speeds immediately before
impact and immediately after separation from the impact.This is inde-
pendent mathematically from any energy loss or damage that occurs dur-
ing the collision; therefore, the equation is a method that may be used to
check other calculations. If enough information is gathered at the scene
to do both energy and momentum analyses, the results should be consis-
tent. Remember the energy-determined speed may be less because it is
only a minimum speed.

C R A S H R E C O N S T R U C T I O N B A S I C S
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The momentum equations may be sensitive to changes in input data
because of the trigonometric nature of the calculations; therefore, the
prosecution’s reconstructionist should consider any effect of uncertainties
in the data collected at the scene. Such an analysis is called a sensitivity
analysis and should be done to reinforce the certainty of the speed calcu-
lation.A sensitivity analysis involves changing the evidence values to
determine what effect it has on calculated speeds. Often, this is done to
demonstrate that variations of the input variables do not have a signifi-
cant impact on the determined speed.

The momentum method should not be used in collisions involving vehi-
cles of great differences of weight to find the speed of the lighter vehicle
(car vs. motorcycle, tractor-trailer vs. car, etc.). Uncertainties in the speed
of the larger vehicle are amplified in the calculation of the smaller vehi-
cle’s speed.

Common Defense Attacks
CLAIM: Incorrect drag factor caused error in post-impact speed estimate.
REALITY:This is not a valid claim if the drag factor was measured at the
scene and the officer included any defects of the rotation of the vehicle.

CLAIM: Incorrect vehicle weight was used.The defense claim will be
the officer used the maximum allowed weight of the loaded vehicle
(gross weight) versus the actual weight (curb weight) of the vehicle.The
fact that the vehicle was not actually taken to a scale and weighed may
also be an attack point since the damaged vehicle, with its specific cargo,
may have changed in weight from its original specification.
REALITY:The momentum equations are not very sensitive to variations
in vehicle weight –even as much as several hundred pounds.This should
be shown in the sensitivity analysis.

CLAIM: Effect of post-impact vehicle rotation was not included. Defense
claims the officer used full drag factor (a full drag factor means that a
vehicles wheels were all locked up and skidding) in calculating post-
impact speed estimate, although the vehicle did not exhibit full 100%
braking. In other words, all the vehicles tires were not locked and skid-
ding after separating from the collision.
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REALITY:The prosecutor should make sure that the reconstructionist
did not use the full drag factor if there is no evidence that all the wheels
were locked up after collision. Look for locked tire evidence in the post-
impact tire marks of the victim’s vehicle, and tire flat spots or damage to
tires causing lock-up.This can cause a significant error in the calcula-
tions.9 Example: the medical examiner determines the victim/operator
died on impact, and an investigator assumed the victim continued to
brake, i.e., keep the tires locked after impact. Of course, if the victim is
deceased, this would not be possible.

CLAIM:The pre-impact orientations of the vehicles, called the approach
angles, have not been determined accurately, and assumptions have been
made in determining the approach angles, which cannot be supported by
evidence at the scene.The most common attack is on the approach angle
of a turning vehicle.
REALITY:The orientation of the vehicle at the moment of impact
should be consistent with the normal turning path and the construction
of the intersection.

CLAIM:The victim’s speed as determined in the equation is not consis-
tent with eyewitness testimony.
REALITY:The calculated speed of the victim’s vehicle must be consistent
with the road geometry, physical limitations of the vehicle, the ability of
the victim’s vehicle to accelerate and the surface condition of the road.
Factors to be considered include the pre-impact speed of a turning vehicle,
the turning path, initial speed of the vehicle before initiating the turn, eye-
witness observations, and the maximum speed at which the turn radius can
be made without yawing.This serves as a flag in evaluating the case. If the
calculation of the victim’s speed is not consistent with the factors above,
know that the same data was used to calculate the defendant’s speed.

CLAIM:A lack of air bag deployment indicates a low speed for defen-
dant’s vehicle rather than the higher speed determined by the state’s
reconstruction expert.
REALITY: In certain collisions where impact has a significant lateral
component, rather than head-on, the air bag sensors may not trigger the
air bags to deploy. This does not necessarily indicate a low impact speed.

C R A S H R E C O N S T R U C T I O N B A S I C S
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The momentum equation offers defense attorneys the possibility of con-
structing hypotheticals favorable to the defense.The state’s expert should
anticipate such an attack and consider any possible variations in the field
measurements.

Note: Particular area of concern for prosecutors is the potential misuse
of the full drag factor applied to post-impact vehicle motion. Often a
driver is disabled by the collision and cannot apply post-impact braking
action.The vehicle is moving in a combination of sliding and rolling
movements, and the tire friction is really a mathematical combination of
both sliding and rolling.10 If the full drag factor is used in momentum
calculations (or speed from skid marks) when there is no evidence of full
braking action, the vehicle speed will be overestimated, resulting in sig-
nificant errors in the momentum calculation.

Airborne Vehicles: Speed in a Vaulting Motion

When a vehicle becomes airborne, a series of equations derived from pro-
jectile motion considerations may be available to the reconstructionist.
These equations may be sensitive to input data, especially the launch
angle, and vertical and horizontal distances traveled by the center of mass
of the vehicle must be determined. Because the airborne equations
involve trigonometric functions, a small error in field data (at low launch
angles) may produce a large error in the calculated speed, as shown below.

Effect of launch angle estimated speed for a given distance traveled to the point of landing.
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Launch angle Calculated launch speed

5º 61.9 mph

6º 56.4 mph

7º 52.2 mph

8º 48.8 mph

9º 46.0 mph

10º 43.6 mph
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The airborne equations require careful processing of the scene to estab-
lish the data needed in the calculations. If possible, the airborne speed
should be corroborated by another method.

Note: The airborne speed is an exact speed at the point where the vehicle
is launched, and subsequent speeds should not be added to the airborne
speed in a combined speeds calculation. However, adding equivalent speeds
of events prior to the point where the vehicle was launched is perfectly
acceptable in determining a speed at a previous point in the crash sequence.

Speed from Yaw Marks

When a vehicle is in a turning motion, its speed may be too great to
maintain the proposed circular path. So, the vehicle starts to slip sideways in
what is called a yawing motion.There is not enough frictional force to pro-
vide the necessary centripetal force to keep the vehicle in its intended
path.The speed at which this slipping starts is called the critical speed for the
path of the vehicle, and it depends on the drag factor of the road (in a lateral
direction) and the radius of the path of the vehicle.When side-slipping
starts, the tires make what are called yaw marks, which may have distinct
striations within the yaw pattern that are diagonal or even perpendicular to
the overall tire mark. Usually, most visible from the outside tires, yaw marks
start narrow and get wider as the yaw continues and the vehicle becomes
more rotated. In a controlled turning motion, the rear wheels track inside
the front wheels. In a yaw, the front and rear wheels cross over each other,
resulting in a characteristic crossover point in the yaw pattern that tells the
reconstructionist it is a true yaw. This crossover point may be difficult or
impossible to see because of road surface effects and glare.Yaw marks are
short-lived evidence and may disappear within a few days with heavy traf-
fic on the roadway.

The yaw marks are analyzed using the speed from yaw marks equation:

S = √ ( 15 (f)(R) )

The equation itself may be written in other forms to include adjustments
for the effects of road crown or superelevation.The equation is derived
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from the basic physics of the balance between centripetal and friction
forces.The speed from yaw marks equation has been validated in numer-
ous published studies.11 Speed estimated from this information is a speed
during the yaw, not at its beginning.Thus, this is always less than the true
speed of the vehicle at the start of the yawing action.

Speed at the start of the yaw is faster than the calculated speed of the
yaw equation. Since the measurements do include a segment of the
mark, they necessarily cannot produce a speed at the start of the mark.
The yaw mark information needed to calculate speed includes the radius
of the yaw mark itself, which is found using a chord and middle ordinate
method, as shown below.

The radius of
the yaw mark is
determined by
measuring a
chord C and
middle ordinate
M on the yaw
mark evidence.
The curvature
has been accen-
tuated for illus-
tration.

The drag factor should be determined perpendicular to the direction of
the yaw mark, since frictional forces must act in that direction to provide
the centripetal force needed to keep the vehicle on its path.This is dif-
ferent from the drag factor value used in speed from skid marks calcula-
tions, where the drag factor is measured parallel to the direction of travel.
As an alternative, the measured drag factor can be adjusted mathematical-
ly when it is used in the speed from yaw marks equation.

Note: The difference between the two values is usually insignificant, but
may not be in cases where the road has significant superelevation (road
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MIDDLE ORDINATE

CHORD
�

RADIUS OF YAW MARK =  C2 / 8M +M/2

LEFT FRONT TIRE�
YAW MARK
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edge is higher or lower than the center of the road). The prosecutor
should clarify with the police investigator that the drag factor has been
determined correctly, or that a measurement of the superelevation of the
road has been included in the yaw equation.

Common Defense Attacks 
CLAIM:The yaw marks are not the same radius as the center of mass
motion of the vehicle.
REALITY: By considering the radius of the actual yaw mark, any benefit
is to the defendant.

CLAIM: Driver braking or acceleration action during the yaw affects the
validity of the equation.
REALITY: If a driver brakes or accelerates during a yaw, then a recon-
structionist cannot use the yaw speed equation. Evidence of such action
might be seen in the appearance of the striations within the yaw pattern.

CLAIM:The tire mark evidence was actually curved ABS braking marks,
not yaw marks.Therefore, the whole analysis is incorrect.
REALITY: Careful analysis of the yaw marks can prove this is not true,
but it requires good photographic evidence of the entire yaw pattern and
close ups of the marks as well. In a vehicle rotation, there is a distinct
separation between the tire marks of the left and right tires on the same
axle, but while applying ABS brakes, the tire marks stay the same distance
apart—i.e., no yaw.The striations and cross-over point are also evidence
of a yaw. Officers should be able to explain to the prosecutor how the
two types of tire mark evidence can be distinguished.

Time-distance Analysis

During any vehicle motion, speed, position and time are mathematically
interrelated. If vehicle speed is relatively constant during a particular
interval, the equations are straightforward, but if vehicle acceleration is a
factor, determining the specific time-distance relationship may require
testing or other analysis.Time-distance analysis may be used to:
1. Evaluate operator behavior, such as:

• Distance from impact when perception started
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• Time available for evasive action
• Time needed for successful avoidance of the collision
• Response time indicative of impairment
• Assessment of inattentiveness or delay in reaction

2. Construct time lapse drawings of the crash, including information
about visibility distance, pedestrian walking motion, etc.

3.Verify witness statements
4. Evaluate operator perception-reaction time (PRT)

Note: Perception reaction time (PRT) is the time that elapses between the
the point where the operator sees the danger and when the action (brak-
ing, steering, etc.) occurs.This includes the processes of recognition and
decision making; both functions are extremely sensitive to central nerv-
ous system depressants. PRT measurements cover a broad range of values
that depend on the specific response task, the nature of the stimulus, the
age and physical condition of the subject and many other factors. Certain
numbers have been cited as benchmarks - 1.5 seconds for the 85th per-
centile operator PRT under most conditions,12 and 2.5 seconds for the
90th percentile operator PRT used for road design considerations.13 A fac-
tor affecting PRT is expectancy, which reflects the operator’s expectation
of what he/she will encounter. Human factors experts may propose that
a defendant had a long PRT because of the unexpected nature of the
dangerous situation, or a lack of prior warning of danger.

A reconstructionist should not assign a PRT value to a defendant, but
rather use a range of values to reflect what might be a possible PRT.
This might be done in conjunction with a toxicologist who is familiar
with the literature on effects of alcohol or drugs on PRT.There is no
basis for assuming the defendant had a PRT of 1.5 seconds (or any
other specific value) and then proceeding with calculations about the
pre-impact motion or possible evasive actions of the vehicle. If the
range of values yields conflicting results with regard to criminal negli-
gence or culpability, the prosecutor must be aware that such results are
possible in the calculation.The prosecutor should ask the reconstruc-
tionist what the results are if a range of PRT values were used in the
calculations. A range of values may produce inculpatory and exculpato-
ry conclusions, which assists prosecutors in determining if they can
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meet their burden. A similar consideration applies to the use of pedes-
trian walking speeds, vehicle acceleration factors, or other data that
cannot be specifically determined and about which assumptions must
be made.

Speed from “Black Box” Recorder

Since the mid 1970’s manufacturers have put event data recorders
(EDRs) in vehicles to collect field data about crashworthiness, structural
behavior of vehicle, efficacy of safety systems, etc. Recently, the ability to
read the information in the event data recorder (black box) in certain
vehicle models has been made commercially available.

If possible, EDRs should be secured from all vehicles involved in a crash.
This may require a warrant, and the prosecutor may want to advise law
enforcement officers of this new piece of potential evidence and its
proper collection. Data from EDRs in many GM models from 1996 for-
ward can be downloaded. Ford Motor Company has also installed EDRs
in many models.

Note: Car makers are embracing this technology, and prosecutors should
always ask if the vehicle had an EDR and whether the data can be
downloaded.

The permanent EDR is triggered by an air bag sensor located in the
passenger compartment of the vehicle. In crashes where the air bag did
not deploy, that data may be obtained from the temporary storage cell.
The information stored is from 4-5 seconds prior to the crash in either
the permanent or temporary memory. Depending on the particular make
and model of the vehicle, data may include:
• pre-impact speed
• deceleration rate to final rest position (helpful in occupant kinematics

cases)
• use of braking prior to the crash
• use of seat belts prior to impact
• deployment of the air bag
• engine RPM

C R A S H R E C O N S T R U C T I O N B A S I C S
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The EDR information is printed out in graphical and spread sheet forms
and may require the analysis of the reconstructionist to interpret correct-
ly. EDR information may have limited use, but when used in conjunc-
tion with a reconstruction analysis, it may provide valuable corroborative
evidence.

Challenging the Defense’s Expert 

The level of defense attack on the prosecution’s reconstruction is inverse-
ly proportional to the level of completeness of the prosecution’s investi-
gation. Errors or omissions in scene processing, examining the vehicles,
taking witness statements and reconstructing the events provide attack
points for the defense.While reviewing the case, the prosecutor should
continually ask this question: What do I really know for sure? The defense
may engage the services of an expert witness for trial. In anticipation of a
defense expert, the prosecutor can take several steps:
1. Identify potential defenses available to the defense attorney, which

might include:
• witness accuracy
• reconstruction inconsistent with witness statements
• driver identification
• reconstruction of defendant’s speed
• point of impact
• mechanical failure/defect (suspension, steering, axle, motor mount

failure, sudden tire deflation, computer fuel injection, air bag
deployed, cruise control, etc.). For recall information call NHTSA’s
hotline 1-800-424-9393 or visit www.nhtsa.dot.gov.Also see
Consumer Reports.

• failure to hold vehicle for defense inspection
• legal issues regarding impairment
• physical evidence measured incorrectly
• police measuring equipment not acceptable
• no evasive action available to defendant
• limited driver visibility, poor conspicuity of pedestrian
• victim (or other vehicle) caused the crash
• road defect, incorrect signage, road design
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• vehicle identification—“hit-and-run”

2. Secure the credentials of the defense expert. This may show the “jack
of all trades” expert who has very limited capacity to engage the state’s
expert on the technical level. The expert may never have been at an
active scene, and in this case, he may have relied completely on the
police investigation.

3.Ask your own expert about the defense’s expert. Often the state’s
expert will have had prior contact with the expert or may know
how to find information about the expert that can be helpful to 
the prosecutor.

4.Ask other prosecutors or civil attorneys about the defense expert. The
prosecutor may be able to obtain evidence of prior testimony that will
be invaluable at trial.

5. Contact your state prosecutors association as well as APRI’s National
Traffic Law Center, which maintains a database of prosecution and
defense experts.

The key to handling the adverse expert is preparation. If the prosecutor
can meet with the state’s reconstructionist prior to discovery, the poten-
tial testimony of the defense expert may be narrowed to only a few pos-
sibilities, and the prosecutor can anticipate the defense expert’s theory in
many instances. Even if discovery is meager and no prior transcripts exist,
if the prosecutor can take the expert’s deposition or arrange an opportu-
nity to speak with him, the state’s expert should be consulted in develop-
ing the deposition and cross examination strategy. In deposition or dis-
covery, the prosecutor should look for the following:
• Curriculum vita—publications pertinent to accident reconstruction.
• Copies of any research papers or references that expert relied upon.

Follow up and be sure to get materials.
• Names, jurisdictions, attorneys in recent cases in which expert testified

as an accident reconstruction expert.
• Details about when the expert became involved, prior work with same

attorney, retainer relationship, expert’s fee structure, number of hours
that were already billed on the case.

• Working notes and calculations (these will show your expert exactly
where the defense expert plans to go).

C R A S H R E C O N S T R U C T I O N B A S I C S
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Get the expert to commit to the facts in the case that he/she accepts
(and be specific—“what drag factor value do you accept for this road-
way?,” etc.). Differences in the reconstructions by the two experts may
come down to “changing” the evidence. If the defense expert accepts the
state’s evidence in its entirety, the defense expert’s calculations should not
be different.

Some attacks on the defense expert may include:
• Did not personally observe evidence.
• Did not speak with police investigator.
• Did not speak with defendant.
• Did not get involved or visit the scene in a timely manner
• Does not specialize in reconstruction.
• Has not published on topics pertinent to reconstruction.
• Did not do his/her own reconstruction.
• Prepared report in response to police reconstruction.
• Submitted outrageous fee structure and amount.
• Works only for defense attorneys, never for prosecution.
• Did not have anyone check his/her work—potential for error or mis-

take.
• Used assumptions to make calculations and cannot verify those assump-

tions with evidence in the case.
• Used computer software. Get the User’s Manual for the software!
• Claims to base opinion on personal testing or studies that are not pub-

lished or peer reviewed.

Finally, prosecutors must consider potential attacks on the state’s witnesses
and challenge their own experts in anticipation of trial. It may be neces-
sary to inoculate the state’s expert against such attacks, or to admit short-
comings in the investigation that are not particularly significant to the
opinions reached. Here are some potential attacks on the police officer
reconstructionist:
• Cannot cite a treatise to back up testimony
• Has not done tests, published results of field studies, etc.
• Cannot derive equations used in reconstruction (this is usually not

done because of potential credibility if officer can do it, but it can be
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handled in redirect)
• Is not ACTAR certified, (ACTAR is the Accrediting Commission for

Traffic Accident Reconstructionists). Some reconstructionists take the
ACTAR test to achieve certification, but many others do not.

• Did not visit the scene in timely manner.
• Did not calibrate or check measuring equipment against a standard.
• Did not check for a recall on defendant’s vehicle.
• Inspection of road for defects was not included in report.
• Performed visibility test with different vehicle –i.e., different alignment,

height, model of lamps, weather, moon, etc.
• Unable to identify exact point of impact.
• Did not have all materials before reaching conclusions.
• Changed report after seeing defense expert report.
• Did not take videotape of scene.
• Never personally performed any tests that were published.
• Did not consult with anyone in this case to verify their work.
• Did not inspect the vehicle for mechanical defects.
• Lacks formal training in physics.
• Did not return in daytime to the scene of night crash to look for addi-

tional evidence.
• Did not do sensitivity analysis on the calculations.
• Failed to consider results using a different assumption (if one was used).
• Performed incomplete reconstruction of motion of victim’s vehicle

regarding causation.

In conclusion, prosecutors may be at a disadvantage in evaluating the case
because the reconstruction of the crash involves a technical expertise that is
usually beyond their training and experience.Ask the difficult, challenging,
probing questions to get the best possible understanding of the technical
facts of the case, and then, apply the principles of the law to those facts.

Endnotes

1 Speed from skid mark validations studies:

a.A Comparison Study of Skid and Yaw Marks, Mary Reveley, Douglas Brown, and Dennis
Gauthier, S.A.E. # 890635. Validation of both “speed from skid marks” and “critical speed” equa-
tions. For yaw calculations there was no significant difference noted in the drag factor generated by
radial or bias ply tires.
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b.Vehicular Deceleration and Its Relationship to Friction,Walter Reed and A.Taner Keskin, S.A.E. #
890736. Validation of the speed from skid marks calculations, but tests indicate 15% to 30% kinetic
energy loss between brake application and start of visible skid marks, which underestimates vehicle
speed based on speed from skid marks calculations by 7% to 15%.

c. Drag Sled Measurements Yield Valid Minimum Speed Estimates, J. Kwasnoski, NATARI
Newsletter, 3rd Qtr., 1998. Test skids with conventional brakes showed that use of the “speed from
skid marks” equation underestimates radar-measured vehicle speed, even when the longest skid
mark is used as the skid length. Test skids were done at speeds of 25-46 mph on a dry, asphalt sur-
face, and drag factor measured with an 18 lb sled.

d.Validity of Average Drag Factor Values from VC2000 Measurements, Frost, Mulverhill, and
Kwasnoski, NATARI Newsletter, 4th Qtr., 2000. Field tests with the VC2000 accelerometer yield-
ed average drag factor values that, when used with skid length measurements, underestimated actual
vehicle speeds, thus validating the use of the average drag factor value from such tests.

2 Studies showing the drag sled and accelerometer produce measurements of equivalent accuracy:

a. Roadway Drag Factor Determination, Dynamic v. Static,Wakefield et.al., NATARI Newsletter, 4th
Dtr, 1995. Drag sled measurements were directly compared with VC2000 determinations for three
sites making measurements side-by-side. Drag sled measurements were 6%-9% lower than those
made with the VC2000.

b. Drag Sleds and Drag Factors, Joseph Badger, Society of Accident Reconstructionists, Summer
2001. Fifty drag sled tests averaged within 1% of the drag factor measured with the sophisticated
ASTM skid trailer.

3 See endnote above.
4 See endnote 2.a.
5 Tsumbas and Smith,“Measuring Protocol for Quantifying Vehicle Damage from an Energy Basis Point

of View,” S.A.E. # 880072.

6 Day, Hargens,“An Overview of the Way EDCRASH Computes Delta-V,” S.A.E. # 870045.

7 James Morgan and Don Ivey,“Analysis of Utility Pole Impacts,” S.A.E. # 870607

8 Utility pole studies regarding the relationship of intrusion depth to impact speed:

a. Joseph Cofone, The Investigation of Automobile Collisions with Wooden Utility Poles and Trees, IPTM,
1996.

b.Victor Craig,“Speed Estimation on Head-on Vehicle/pole Impacts—Update: October, 1995,”
Accident Reconstruction Journal, Sept/Oct, 1995.

9 Effects of post-impact vehicle rotation:

a. Kwasnoski,“Effect of Simplifying Assumptions on Speed Estimates,” N.A.T.A.R.I. Newsletter,
Fourth Quarter, 1994.
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b. Kwasnoski,“Effect of Simplifying Assumptions on Momentum Speed Estimates,” IMPACT,
Autumn, 1995.

c. Kwasnoski,“Constructing Hypotheticals in Motor vehicle Homicide Cases,”The Champion,
November, 1992.

10 Tire Friction—mathematical combination of sliding and rolling:

a.Thomas Shelton and Victor Craig,“Translational Deceleration from Vehicle Sideslip,”Accident
Reconstruction Journal, Jan/Feb 1995

b. Raymond M. Brach and Russell A. Smith,“Tire Forces and Simulation of Vehicle Trajectories,”
Accident Reconstruction Journal, Nov/Dec 1991

c. Duane R. Meyers,“Post Impact Deceleration,”Accident Reconstruction Journal, Nov/Dec 1994

d.William H. Pultar, Jr.,“A Model to Determine Deceleration of Rotating Vehicles,”Accident
Reconstruction Journal, Nov/Dec 1990

11Validation of speed from yaw mark studies:

a.An Analytical Assessment of the Critical Speed Formula, Raymond M. Brach, S.A.E. # 970957.
Validation of the use of the “critical speed formula” by staged tests.

b.Validation of the Estimation of Speed from Critical Speed Scuffmarks, Sgt.Thomas Shelton,
Accident Reconstruction Journal, Jan/Feb, 1995. Overall, the method will tend to underestimate
the actual speed of the vehicle by approximately 5%. If the vehicle is being braked during sideslip,
the method can significantly underestimate the actual speed of the vehicle.

c. Letter to the Editor,ARJ, Sgt.Thomas Shelton,ARJ, Sept/Oct, 1989. Result of validation tests
show the critical speed formula underestimates, but never overestimated the actual vehicle speed.

d. Estimating Speed from Yaw marks—An Empirical Study, Luis Martinez,Accident Reconstruction
Journal, May/June, 1993. Validation of the use of the critical speed formula from actual tests.

e.Traffic Accident Reconstruction, Lynn B. Fricke,The Traffic Institute, Northwestern University,
1990.Tests show that use of the critical speed formula underestimates actual speed by 7-12% for
cars tested (standard and sport style American cars).

f. Project Y.A.M. (Yaw Analysis Methodology) Vehicle Testing and Findings, Peter Bellion, S.A.E. #
970955. In yaw tests with test vehicles the speed estimates from the “critical speed” equation were
below the radar-measured speeds when the average drag factor of the road surface was used in the
calculations.

12 Paul L. Olson, Forensic Aspects of driver Perception and Response, Lawyers & Judges Publishing Co., 1996.

13 AASHTO (American Association of State Highway and transportation Officials), A Policy on
Geometric Design of Highways and Streets, 1984.
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About the Author:
John served for 31 years as a professor of Forensic Physics at Western New England
College. He is a certified police trainer in more than 20 states, and he has reconstructed
over 650 crashes involving multiple and single vehicles, pedestrians, motorcycles and
trains. He also teaches regularly at the Ernest F. Hollings National Advocacy Center in
Columbia, South Carolina for NDAA’s Lethal Weapon: DUI Homicide Course.

Notably, he was the expert in South Carolina vs. Susan Smith, where a mother murdered
her two children by pushing a car into a lake. John participated in the re-enactment of
the drowning in a submerged car, where a video was used in the sentencing phase of the
trial. He also reconstructed the multiple vehicle crash in Washington, D.C., in which a
Russian Embassy aide was charged with vehicular homicide (U.S.A. vs. Makharadze).The
aide subsequently pleaded guilty after being released from diplomatic immunity.

John has co-written three best-selling books: Investigation and Prosecution of DWI and
Vehicular Homicide, Courtroom Survival, and The Officer’s DUI Manual, all published by
LexisLaw Publishing. John has also published other trial manuals and is the creator of
Crash—The Science of Collisions, a series of science and mathematics teaching materials
focusing on crashes.The material is aimed at reducing teenage fatalities and improving
science and math learning, using actual police files. For questions, you can reach John at
Kwasnoski@aol.com.
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20 17 18 20 21 23 24 

40 24 26 28 30 32 34 

60 30 32 35 37 40 42 

80 34 37 40 43 46 48 

100 38 42 45 48 51 54 

120 42 46 50 53 56 60 

140 45 50 54 57 61 64 

160 48 53 57 61 65 69 

180 51 56 61 65 69 73 

200 54 60 64 69 73 77 

250  61 67 72 77 82 86 

300 67 73 79 84 90 94

A P P E N D I X : M I N I M U M S P E E D

F R O M S K I D M A R K S
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Drag Factor
Skid Length (ft.) .5 .6 .7 .8 .9 1.0

Speed Estimate: A vehicle putting down 120 feet of skidmarks on a
road with a drag factor of .8 would have a minimum
estimated speed of 53 mph.

Breaking Distance: A vehicle moving at 40 mph on a road with a drag
factor of .7 would require 80 feet of braking dis-
tance to stop.
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About our tests
IIHS evaluates a vehicle's crashworthiness with the help of five tests: moderate overlap front, small overlap front, side, roof 
strength and head restraints & seats. For front crash prevention ratings, the Institute conducts low- and moderate-speed 
track tests of vehicles with automatic braking systems. IIHS also conducts evaluations of headlight systems and of the child 
seat attachment hardware known as LATCH. The descriptions below explain how each test is conducted and how the 
results translate into ratings.

Side crashes account for about a quarter of passenger vehicle occupant deaths in 
the United States. Protecting people in side crashes is challenging because the sides 
of vehicles have relatively little space to absorb energy and shield occupants, unlike 
the fronts and rears, which have substantial crumple zones. Automakers have made 
big strides in side protection in recent years by installing side airbags and 
strengthening the structures of vehicles. The Institute's testing program has played a 
key role in bringing about these improvements.

Side airbags, which today are standard on most new passenger vehicles, are 
designed to keep people from colliding with the inside of the vehicle and with objects 
outside the vehicle in a side crash. They also help by spreading impact forces over a 
larger area of an occupant's body. However, side airbags by themselves are not 
enough. Strong structures that work well with the airbags also are crucial.

Need for side testing
IIHS began its side test program in 2003. At that point, the federal government was 
already performing side tests on new passenger vehicles as part of the New Car 
Assessment Program. But the Institute was concerned that the government's test 
didn't completely capture the types of crashes likely to occur in the real world.
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NHTSA barrier shown in yellow, superimposed
over the taller IIHS barrier

That's because the moving barrier used in the government's test was developed in 
the early 1980s, when most of the vehicles on the road were cars, before SUVs and 
pickups became as prevalent as they are today. The height of the barrier's front end 
is below the heads of the crash test dummies. As a result, the federal test doesn't 
assess the much greater risk of head injury from impacts with taller vehicles. To fill 
this gap, IIHS initiated its own test with a different barrier — one with the height and 
shape of the front end of a typical SUV or pickup.

How the test works
In the Institute's test, a 3,300-pound SUV-like barrier hits the driver side of the vehicle 
at 31 mph. Two SID-IIs dummies representing small (5th percentile) women or 12-
year-old children are positioned in the driver seat and the rear seat behind the driver.

IIHS was the first in the United States to use this smaller dummy in a test for 
consumer information. It was chosen because women are more likely than men to 
suffer serious head injuries in real-world side impacts. Shorter drivers have a greater 
chance of having their heads come into contact with the front end of the striking 
vehicle in a left-side crash.

The Institute's side test is severe. It's unlikely that people in comparable real-world 
crashes would emerge uninjured. With good side protection, however, people should 
be able to survive a crash of this severity without serious injuries.

Ratings criteria
Engineers look at three factors to determine side ratings: driver and passenger injury 
measures, head protection and structural performance.

Injury measures: Injury measures from the two dummies are used to determine the 
likelihood that occupants would sustain significant injuries in a real-world crash. 
Measures are recorded from the head, neck, chest, abdomen, pelvis and femur. 
These injury measures, especially the ones from the head and upper body, are major 
components of each vehicle's overall side rating.

A technician applies greasepaint before a crash test.
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Smeared greasepaint shows where the driver dummy's head hit the side curtain 
airbag.

Head protection: To supplement head injury measures, technicians put greasepaint 
on the dummies' heads before each crash test. After the test, the paint shows what 
parts of the vehicle or the barrier came into contact with the heads. If the vehicle has 
airbags and they perform correctly, the paint should end up on them.

In cases when the barrier hits a dummy's head during impact, the dummy usually 
records very high injury measures. That might not be true, however, with a "near 
miss" or a grazing contact. The paint, along with footage of the test recorded on high-
speed film, helps identify such cases, which is important because small differences in 
occupants' heights or seating positions compared with those of the test dummies 
could result in a hard contact and high risk of serious head injury.

Structure/safety cage: Engineers assess the vehicle's structural performance by 
measuring the amount of intrusion into the occupant compartment around the B-pillar 
(between the doors). Some intrusion into the occupant compartment is inevitable in 
serious side impacts, but it shouldn't seriously compromise the driver and passenger 
space. As with head protection, this is another assessment that helps evaluate the 
injury risk of occupants who aren't exactly the same size or sitting in exactly the same 
positions as the dummies.

Understanding the ratings: 
How much better are vehicles that earn good ratings?
In the real world, a driver of a vehicle rated good is 70 percent less likely to die in a 
left-side crash, compared with a driver of a vehicle rated poor. A driver of a vehicle 
rated acceptable is 64 percent less likely to die, and a driver of a vehicle rated 
marginal is 49 percent less likely to die.

Those numbers come from an analysis of a decade's worth of crash data on Institute-
rated vehicles. Only vehicles with standard side airbags were included, and the 
results demonstrate that just having airbags doesn't guarantee good protection. The 
Institute's tests show how airbags and a vehicle's structure work together in an actual 
crash. If the occupant space remains largely intact, then the safety belts and side 
airbags have time to control the motion of the crash test dummies and keep injury 
measures low. That's less likely to happen if the side of the vehicle is significantly 
crushed.

Unlike frontal crash test ratings, side ratings can be compared across vehicle type 
and weight categories. This is because the kinetic energy involved in the side test 
depends on the weight and speed of the moving barrier, which are the same in every 
test. In contrast, the kinetic energy involved in the frontal crash test depends on the 
speed and weight of the test vehicle.
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When side airbags are optional, the Institute tests the vehicle without the option. A 
second test is conducted with the optional airbags if the manufacturer requests it and 
reimburses the Institute for the cost of the vehicle. Both results are published on the 
website.

For information about how ratings are kept up-to-date from one model year to the 
next, see our test verification information.

Tests drive progress

GOOD: 2008 Mitsubishi Lancer with side airbags (top)
POOR: 2005 Mitsubishi Lancer without side airbags (bottom)

When IIHS began side testing in 2003, only about 1 of 5 vehicles tested earned good 
ratings. Nearly all of the others were rated poor.

Since then, airbags have become standard equipment in the vast majority of 
passenger vehicles, and occupant compartments have become much stronger. 
These changes are in large part a direct result of the Institute's testing program. 
Manufacturers know consumers consult the ratings before buying, so they design 
vehicles with our tests in mind. As a result, most current vehicle designs earn good 
ratings.
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L O W - V O L U M E  R O A D S  

Where there are existing agreements between the Ministry of Transportation and Highways and other 
parties, those agreements shall prevail. 

510.01 GENERAL 

The following is the design policy and practice of the 
Ministry of Transportation and Highways for Low- 
volume Roads (referred to as LVRs). The Transportation 
Association of Canada (TAC) Manual of Geometric 
Design Standards for Canadian Roads (referred to as the 
TAC Manual ), 1986 Metric Edition may be used to 
supplement this chapter for design guidelines that cover 
subject areas on LVRs not covered by this Manual. The 
reader should consult the TAC Manual, Chapter H, Low- 
volume Roads and Appendix A, Basis of Standards, pages 
X26 to X34 for more background information and for 
design criteria not covered in the Highway Engineering 
Design Manual. 

Definition 
A low-volume road (LVR) is a road with an Average 
Daily Traffic (ADT) not exceeding 200 and whose service 
functions are oriented toward rural road systems. 

A low-volume road may be to/or within an isolated 
community, a recreation road or a resource develop- 
ment road. LVRs do not include subdivision roads design 
standards. 

Traffic Volumes 
Daily traffic volumes on LVRs tend to vary significantly 
due to the seasonal nature of these roads which often are 
built to serve a single purpose. Use the average daily 
traffic for a time period corresponding to the season or 
periods of high use (this will be during summer in most 
cases; but may be during winter for low-volume roads 
accessing winter recreation areas such as ski hill access 
roads). 

If the periods of high use are short but numerous (for 
example, two or three consecutive days for more than 
twelve times a year), an economic analysis may be 
required to determine whether to use the LVR or other 
higher standards. 

If official land use planning reports are available, the 
designer may use future traffic volumes that are contained 
in these studies. All traffic projections used for design 
should meet the approval of the Ministry’s Regional 
Planning and Traffic Engineering staff. 

The designer should project volumes 20 years after 
construction to set the design volume. However, if traffic 
projections are too uncertain to justify the additional cost 
of using a higher design class, a shorter period such as the 
10-year projection may be used. If low growth is expect 
(1 % per year or less), the current ADT is appropriate. 

Accommodating Cyclists 
Because of the low traffic volumes encountered on LVRs, 
it is generally not cost-effective to design specifically for 
bikeways. The time gaps between the arrivals of opposing 
vehicles are large enough for advancing traffic to easily 
overtake cyclists by crossing the centerline. 

However, in summer recreation areas where there is a 
documented, constant, heavy cycle traffic, a site specific 
evaluation may be undertaken to evaluate if the cycling 
traffic can be accommodated safely and cost effectively. 
Where the need for bikeways on LVRs is justified consult 
Table 910.A for bikeway design widths A bikeway should 
not be designed for a gravel road. 

Most LVRs are designed for speeds of 80 km/h or higher. 
For these and for the few LVRs designed for 60 or 
70 km/h, the shoulder bikeway is adequate. For the 
occasional LVR designed for 50 km/h or less, the 4.0 m 
shared roadway lanes (paved) may be used. 

For further information on Bikeway Standards, refer to 
Section 910 of this manual. 
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Service Type 

Category A: Rural road systems and roads to or 
within isolated communities 

Category B: Recreational roads 

- primary 

- perimeter 

- internal 

Category C: Resource development roads 

L O W - V O L U M E  R O A D S  C H A P T E R  

Design Speed 

30 - 90 (see note) 

50 - 90 (see note) 

30 - 80 (see note) 

30 - 50 (see note) 

30 - 90 (see note) 

510.02 TYPES OF L V R S  

LVRs are categorized by TAC according to their traffic 
and land services: 

Category A: Rural road system and roads to and within 
isolated communities. These roads serve both functions of 
providing direct access to adjacent properties and access 
to land in low density remote areas. 

Category B: Recreational roads. These provide access to 
provincial and federal parks and resort developments. 

Category C: Resource development roads. These roads 
provide a link from remote resource development areas to 
the provincial highway system and ports or railheads. 
They do not include private access roads and logging 
roads within a tree farm license which come under the 
jurisdiction of the Ministry of Forests. 

In selecting design criteria for a particular LVR, the 
designer should consider its main service function. 
Should the road serve more than one function, the design 
standard corresponding to the highest service function 
should be used. 

510.03 DESIGN SPEED 

The single most important design decision for a LVR is 
the selection of the design speed. The width of the LVR is 
dependent on the design speed as are significant charac- 
teristics of the vertical and horizontal alignments. 

In selecting the design speed, the designer should 
consider driver’s expectations. Driver’s expectations are 
governed by several factors such as the type of terrain, the 
road service function or category and the trip length. 

For example: For a particular “Category A” road that 
provides short distance access from the highway system 
to a few farms in mountainous terrain, operating speeds of 
30 to 70 k d h  may be adequate. If the terrain is flat and 
the farms are spaced far in between, say one kilometre or 
more, a design speed of 80 or 90 k d h  may be more . 

appropriate to match drivers’ expectations. Although both 
cases fall in the same service function, the choices for 
design speed are significantly different, so are the 
resulting alignments. A wrong selection of the design 
speed may have serious consequences to the construction 
and operational costs and the safety of road users. Table 
5 1 O.A, following, gives a range of design speeds for 
various functions. 

Note: by heavy truck traffic in excess of 15 trucks per day. The 

Most LVRs serve a mix of short and long distance trips 
and have a legal speed limit at 80 k d h .  Therefore, the 
design speed for LVRs should be 80 k d h  or higher in 
most instances; particularly roads serving trips in excess 
of 5 kilometres in length and resource access roads used 

designer should not use design speeds less than 
80 km/h without specific approval by the Regional 
Director or the project Technical Review Committee. A 
typical road designed at less than 80 k d h ,  would be a 
short, discontinuous road less than 5 kilometres serving 
local, short distance trips. 
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Design Speed (kmh) 

510.04 ALIGNMENT 
ELEMENTS 

For a general discussion on the basis for alignment 
elements, refer to Chapter 300 of this manual and 
Appendix A of the TAC design manual. The following is a 
brief listing of parameter values for alignment elements 
that are specific to LVRs. 

Sight Distance 
1) Stopping Sight Distance 

The minimum SSD is similar to that of other roads (see 
Section 320.02 in this manual) and is listed in Table 
5 1O.B for the range of design speeds used for LVRs. 
Friction values for gravel roads are taken to be the same 
as that for pavements in poor condition under wet 
conditions. Table 510.C shows SSD corrections for 
various grades. 

Minimum SSD (m) 

50 65 

60 85 
L 

I I 

70 

80 

~ 

30 

110 

140 

40 

I 

Design Decrease for Upgrade of: 
Speed 3% 6 70 9 To 12% 14 70 
( k d )  (m) 

30 0 0 0 0 0 

40 0 0 5 5 5 

50 5 5 10 10 I0 

60 5 5 10 10 * 
70 5 10 15 15 * 
80 10 15 20 * * 
90 10 20 25 * * 

45 

Increase for Downgrade of: 
3% 6% 9% 12% 14% 

(m) 

0 0 5 5 5 

0 5 5 10 10 

0 5 10 15 20 

5 10 15 25 * 
5 10 20 35 * 
10 15 30 * * 
I0 20 40 * * 

I 90 I 170 

Table 51 0.C SSD Corrections for Various Grades 

(*) These grades are outside the range for LVR design (Refer to Table 350.A for maximum grades on LVRs.) 
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2) Minimum Passing Sight Distance (PSD) 

Refer to Section 320.03 for a discussion of Passing Sight 
Distance. On two-lane two-way LVRs, the passing sight 
distance is not considered to be a crucial minimum design 
element. However, it is recommended and desirable to 
provide PSD as often as economically feasible on low- 
volume roads, most of which serve long distance trips and 
have a design speed of 80 km/h or higher. Table 510.D 
below gives the passing sight distances for LVRs. 

To reduce opportunities for unsafe passing maneuvers on 
long sections without PSD, the designer may consider 
providing slow moving vehicle pull-outs. 

Table 510.D Min. PSD Low-volume Roads 

Design Speed 31 
50 3 40 

I 60 I 420 I 
70 480 

I 80 I 560 I 

3) Decision Sight Distance (DSD) 

Decision sight distance (DSD) is not a requirement which 
is cost-effective on LVRs. See Section 320.04 for 
discussion of DSD. DSD should be considered, 
particularly near intersections, if no additional costs are 
incurred. 

510.05 HORIZONTAL 
ALIGNMENT 

The same principles are used for LVRs as for two lane 
roads of higher classification. Refer to Section 330 for a 
general discussion on horizontal alignment. 

Side friction factors for gravel roads are taken to be the 
same as the side friction factors for wet pavement 
conditions. Table 330.A gives the maximum values for 
safe side friction for speeds of 40 km/h and higher. The 
maximum side friction value used for a design speed of 
30 km/h is 0.17. 

Design superelevation rates are discussed in Section 330. 
The normal cross fall is 0.02 m/m on paved roads and 
0.04 m/m on gravel roads. Maximum superelevation rates 
of 0.06 or 0.08 are used on LVRs. 

Figures 510.E and 510.F show the superelevation and 
minimum spiral lengths where a maximum superelevation 
of 0.06 is used on LVRs with a normal cross fall of 0.02 
and 0.04 respectively. Figures 5 10.G and 5 1O.H are for a 
maximum superelevation of 0.08. 

For consistency, use the same chart for all horizontal 
curves on the same highway or homogenous road section. 
A homogenous road section starts and ends when there is 
a clear break in the driving environment. This may 
happen at a major junction, a destination point such as a 
populated settlement or a major change in topography. 

Intersections and accesses should not be located on curves 
which have a superelevation higher than 0.06. 

On LVRs which are designed for speeds greater than 40 
k d h ,  spirals should be used. For design speeds of 30 and 
40 km/h, the use of spirals is optional. Refer to the TAC 
Figure H.3.3.1 for development of superelevation without 
spirals and Figure H.3.3.2 for development with spirals. 
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Figure 510.E Superelevation Chart for E Max. 0.06 mlm 
Normal Crown 0.02 m/m For Paved Roads 

Speed 30 40 50 60 70 80 90 
Radius e Ls e Ls e Ls e Ls e Ls e Ls e Ls Radius 
8000 NC NC NC NC NC NC NC 8000 
5000 NC NC NC NC NC NC NC 5000 
3000 NC NC NC NC NC RC 40 RC 50 3000 
2000 NC NC NC NC RC 40 RC 40 0.023 50 2000 
1500 NC NC NC RC 40 0.020 40 0.024 40 0.029 50 i500 
1200 NC NC NC RC 40 0.023 40 0.028 40 0.033 50 1200 
1000 NC NC RC 30 0.021 40 0.027 40 0.032 40 0.037 50 1000 
900 NC NC RC 30 0.023 40 0.028 40 0.034 40 0.039 50 900 
800 NC NC RC 30 0.025 40 0.031 40 0.036 40 0.042 50 800 
700 NC NC 0.021 30 0.027 40 0.033 40 0.039 40 0.045 50 700 
650 NC RC 30 0.022 30 0.029 40 0.035 40 0.041 40 0.046 50 650 
600 NC RC 30 0.023 30 0.030 40 0.037 40 0.042 40 0.048 50 600 
550 NC RC 30 0.025 30 0.032 40 0.038 40 0.044 40 0.050 50 550 
525 NC RC 30 0.026 30 0.033 40 0.039 40 0.045 40 0.051 50 525 
500 NC RC 30 0.027 30 0.034 40 0.040 40 0.046 40 0.052 50 500 
475 NC 0.020 30 0.028 30 0.035 40 0.041 40 0.047 40 0.053 60 475 
450 NC 0.021 30 0.029 30 0.036 40 0.043 40 0.049 50 0.054 60 450 
425 NC 0.022 30 0.030 30 0.037 40 0.044 40 0.050 50 0.055 60 425 
400 NC 0.023 30 0.031 30 0.038 40 0.045 40 0.051 50 0.057 70 400 
380 RC 30 0.024 30 0.032 30 0.039 40 0.046 40 0.052 50 0.058 70 380 
360 RC 30 0.025 30 0.033 30 0.041 40 0.047 40 0.053 50 0.059 70 3 60 
340 RC 30 0,026 30 0.034 30 0.042 40 0.048 40 0.054 50 0.060 80 340 
320 RC 30 0.027 30 0.035 30 0.043 40 0.050 40 0.056 60 MinR340m 
300 RC 30 0.028 30 0.037 30 0.044 40 0.051 40 0.057 60 
290 RC 30 0.028 30 0.037 30 0.045 40 0.052 40 0.057 60 
280 RC 30 0.029 30 0.038 30 0.046 40 0.052 50 0.058 70 
270 0.020 30 0.030 30 0.039 30 0.047 40 0.053 50 0.059 70 
260 0.020 30 0.030 30 0.040 30 0.047 40 0.054 50 0.059 70 
250 0.021 30 0.031 30 0.040 30 0.048 40 0.055 50 0.060 70 
240 0.022 30 0.032 30 0.041 30 0.049 40 0.055 50 MinR 250111 
230 0.022 30 0.033 30 0.042 30 0.050 40 0.056 60 
220 0.023 30 0.034 30 0.043 30 0.051 40 0.057 60 
210 0.024 30 0.035 30 0.044 30 0.052 40 0.058 60 
200 0.025 30 0.036 30 0.045 30 0.053 40 0.059 60 
190 0.026 30 0.037 30 0.046 30 0.054 40 0.060 70 
180 0.027 30 0.038 30 0.047 40 0.055 40 MinR 190m 
170 0.028 30 0.039 30 0.048 40 0.056 50 
160 0.029 30 0.040 30 0.049 40 0.057 50 
150 0.030 30 0.041 30 0.051 40 0.058 50 
145 0.031 30 0.042 30 0.051 40 0.059 50 
140 0.031 30 0.043 30 0.052 40 0.059 50 
135 0.032 30 0.044 30 0.053 40 0.060 60 
130 0.033 30 0.044 30 0.054 40 MinR 13.5111 
125 0.033 30 0.045 30 0.054 40 
120 0.034 30 0.046 30 0.055 40 
I15 0.035 30 0.047 30 0.056 40 
110 0.036 30 0.048 30 0.057 40 
105 0.037 30 0.049 30 0.057 50 
100 0.038 30 0.050 30 0.058 50 
95 0.039 30 0.051 30 0.059 50 
90 0.040 30 0.052 40 0.060 50 
85 0.041 30 0.053 40 MinR90m 
80 0.042 30 0.054 40 
75 0.044 30 0.055 40 
70 0.045 30 0.056 40 
65 0.047 30 0.058 40 
60 0.048 30 0.059 40 
55 0.050 30 0.060 40 
50 0.052 30 MinR55m 
45 0.054 30 
40 0.056 30 
35 0.058 30 
30 0.060 30 

Min R 30m 
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Figure5iO.F Superelevation Chart for E Max. 0.06 m/m 
Normal Crown 0.04 m/m For Gravel Surfaces 

Speed 30 40 50 60 70 80 90 
Ls Radius Radius e Ls e Ls e Ls e Ls e 

8000 NC NC NC NC NC NC NC 8000 
5000 NC NC NC NC NC NC RC 5000 
3000 NC NC NC NC RC 40 RC 40 RC 50 3000 

1500 NC NC RC 30 RC 40 RC 40 RC 40 RC 50 i500 

Ls e Ls e 

2000 NC NC NC RC 40 RC 40 RC 40 RC 50 2000 

1200 NC NC RC 30 RC 40 RC 40 RC 40 RC 50 i200 
1000 NC NC RC 30 RC 40 RC 40 RC 40 RC 50 1000 
900 NC RC 30 RC 30 RC 40 RC 40 RC 40 RC 50 900 
800 NC RC 30 RC 30 RC 40 RC 40 RC 40 0.042 50 800 
700 NC RC 30 RC 30 RC 40 RC 40 RC 40 0.045 50 700 
650 NC RC 30 RC 30 RC 40 RC 40 0.041 40 0.046 50 650 

550 RC 30 RC 30 RC 30 RC 40 RC 40 0.044 40 0.050 5 550 
525 525 RC 30 RC 30 RC 30 RC 40 RC 40 0.045 40 0.051 50 

500 RC 30 RC 30 RC 30 RC 40 RC 40 0.046 40 0.052 50 5 00 
475 475 RC 30 RC 30 RC 30 RC 40 0.041 40 0.047 40 0.053 60 

450 RC 30 RC 30 RC 30 RC 40 0.043 40 0.049 50 0.054 60 450 
425 RC 30 RC 30 RC 30 RC 40 0.044 40 0.050 50 0.055 60 425 
400 RC 30 RC 30 RC 30 RC 40 0.045 40 0.051 50 0.057 70 400 
380 RC 30 RC 30 RC 30 RC 40 0.046 40 0.052 50 0.058 70 380 
360 RC 30 RC 30 RC 30 0.041 40 0.047 40 0.053 50 0.059 70 3 60 
340 RC 30 RC 30 RC 30 0.042 40 0.048 40 0.054 50 0.060 80 340 
320 RC 30 RC 30 RC 30 0.043 40 0.050 40 0.056 60 RlinR340m 
300 RC 30 RC 30 RC 30 0.044 40 0.051 40 0.057 60 
290 RC 30 RC 30 RC 30 0.045 40 0.052 40 0.057 60 
280 RC 30 RC 30 RC 30 0.046 40 0.052 50 0.058 70 
270 RC 30 RC 30 RC 30 0.047 40 0.053 50 0.059 70 
260 RC 30 RC 30 RC 30 0.047 40 0.054 50 0.059 70 
250 RC 30 RC 30 RC 30 0.048 40 0.055 50 0.060 70 
240 RC 30 RC 30 0.041 30 0.049 40 0.055 50 
230 RC 30 RC 30 0.042 30 0.050 40 0.056 60 
220 RC 30 RC 30 0.043 30 0.051 40 0.057 60 
210 RC 30 RC 30 0.044 30 0.052 40 0.058 60 
200 RC 30 RC 30 0.045 30 0.053 40 0.059 60 
190 RC 30 RC 30 0.046 30 0.054 40 0.060 70 
180 RC 30 RC 30 0.047 40 0.055 50 MinR 190m 
170 RC 30 RC 30 0.048 40 0.056 50 
160 RC 30 RC 30 0.049 40 0.057 50 
150 RC 30 0.041 30 0.051 40 0.058 50 
145 RC 30 0.042 30 0.051 40 0.059 50 
140 RC 30 0,043 30 0.052 40 0.059 50 
135 RC 30 0.044 30 0.053 40 0.060 60 
130 RC 30 0.044 30 0.054 40 MinR 13511 
125 RC 30 0.045 30 0.054 40 
120 RC 30 0.046 30 0.055 40 
115 RC 30 0.047 30 0.056 40 
110 RC 30 0.048 30 0.057 40 
105 RC 30 0.049 30 0.057 50 
100 RC 30 0.050 30 0.058 50 
95 RC 30 0.051 30 0.059 50 
90 RC 30 0.052 40 0.060 50 
85 0.041 30 0.053 40 Rlin R 90rn 
80 0.042 30 0.054 40 
75 0.044 30 0.055 40 
70 0.045 30 0.056 40 
65 0.047 30 0.058 40 
60 0.048 30 0.059 40 
55 0.050 30 0.060 40 
50 0.052 30 MinR55m 
45 0.054 30 
40 0.056 30 
35 0.058 30 
30 0.060 30 

Min R 30m 

600 NC RC 30 RC 30 RC 40 RC 40 0.042 40 0.048 506 00 

Min R 250m 
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Figure 510.G Superelevation Chart for E Max. 0.08 m/m 
Normal Crown 0.02 m/m For Paved Roads 

Speed 30 40 50 60 70 80 90 
Radius e Ls e Ls e Ls e Ls e Ls e Ls e Ls Radius 
8000 NC NC NC NC NC NC NC 8000 
5000 NC NC NC NC NC NC NC 5000 
3000 NC NC NC NC RC 40 RC 40 RC 50 3000 
2000 NC NC NC RC 40 RC 40 0.021 40 0.026 50 2000 
1500 NC NC RC 30 RC 40 0.021 40 0.027 40 0.032 50 i500 
1200 NC NC RC 30 0.020 40 0.026 40 0.031 40 0.038 50 1200 
1000 NC NC RC 30 0.023 40 0.029 40 0.036 40 0.043 50 1000 
900 NC RC 30 RC 30 0.025 40 0.032 40 0.039 40 0.046 50 900 
800 NC RC 30 0.020 30 0.027 40 0.035 40 0.042 40 0.049 50 800 
700 NC RC 30 0.023 30 0.030 40 0,038 40 0.046 40 0.053 50 700 
650 NC RC 30 0.024 30 0.032 40 0.040 40 0.048 40 0.056 50 650 ~ 

600 NC RC 30 0.026 30 0.034 40 0.042 40 0.050 40 0.058 50 600 
550 NC RC 30 0.028 30 0.036 40 0.045 40 0.053 40 0.061 50 550 
525 NC RC 30 0.029 30 0.037 40 0.046 40 0.054 40 0.063 50 525 
500 NC 0.021 30 0.030 30 0.039 40 0.048 40 0.056 50 0.064 50 500 
475 NC 0.022 30 0.031 30 0.040 40 0.049 40 0.058 50 0.066 60 475 
450 NC 0.023 30 0.032 30 0.042 40 0.051 40 0.059 50 0.068 ' 60 450 
425 NC 0.024 30 0.033 30 0.043 40 0.052 40 0.061 50 0.069 60 425 
400 NC 0.025 30 0.035 30 0.045 40 0.054 40 0.063 50 0.071 70 400 
380 RC 30 0.026 30 0.036 30 0.046 40 0.056 40 0.065 50 0.073 70 380 
360 RC 30 0.027 30 0.038 30 0.048 40 0.057 40 0.066 50 0.075 70 360 
340 RC 30 0.028 30 0.039 30 0.050 40 0.059 40 0.068 60 0.077 80 340 
320 RC 30 0.029 30 0.041 30 0.051 40 0.061 40 0.070 60 0.078 80 320 
300 RC 30 0.031 30 0.042 30 0.053 40 0.063 50 0.072 60 0.080 90 300 
290 0.020 30 0.032 30 0.043 30 0.054 40 0.064 50 0.073 70 MinR300m 
280 0.021 30 0.033 30 0.044 30 0.055 40 0.065 50 0.074 70 
270 0.021 30 0.033 30 0.045 30 0.056 40 0.066 50 0.075 70 
260 0.022 30 0.034 30 0.046 30 0.058 40 0.068 50 0.076 70 
250 0.023 30 0.035 30 0.048 30 0.059 40 0.069 50 0.077 70 
240 0.024 30 0.036 30 0.049 30 0.060 40 0.070 50 0.079 80 
230 0.024 30 0.037 30 0.050 40 0.061 40 0.071 60 0.080 80 
220 0.025 30 0.039 30 0.051 40 0.063 40 0.073 60 Min R 230m 
210 0.026 30 0.040 30 0.053 40 0.064 40 0.074 60 
200 0.027 30 0.041 30 0.054 40 0.066 40 0.075 60 
190 0.028 30 0.042 30 0.056 40 0.067 40 0.077 70 
180 0.029 30 0.044 30 0,057 50 0.069 50 0.078 70 
170 0.031 30 0.045 30 0.059 50 0.070 50 0.080 70 
160 0.032 30 0.047 30 0.061 50 0.072 50 MinR 170m 
150 0.034 30 0.049 30 0.063 50 0.074 50 
145 0.035 30 0.050 30 0.064 50 0.075 60 
140 0.035 30 0.051 30 0.065 50 0.076 60 
135 0.036 30 0.052 30 0.066 50 0.077 60 
130 0.037 30 0.053 30 0.067 50 0.078 60 
125 0.038 30 0.054 30 0.068 50 0.079 60 
120 0.039 30 0.055 30 0.069 50 0.080 70 
115 0.040 30 0.057 30 0.071 50 MinR 120m 
110 0.042 30 0.058 30 0.072 50 
105 0.043 30 0.059 30 0.073 50 
100 0.044 30 0.061 30 0.075 50 
95 0.046 30 0.062 30 0.076 60 
90 0.047 30 0.064 40 0.078 60 
85 0.049 30 0.066 40 0.079 60 
80 0.051 30 0.067 40 0.080 60 -. 

75 0.052 30 0.069 40 MinR 80m 
70 0.054 30 0.071 40 
65 0.057 30 0.073 40 
60 0.059 30 0.075 40 
55 0.061 30 0.078 40 
50 0.064 30 0.080 40 
45 0.067 30 MinR50m 
40 0.071 30 
35 0.074 30 
30 0.080 30 

Min R 30m 
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Figure 510.H Superelevation Chart for E Max 0.08 mlm 
Normal Crown 0.04 mlm For Gravel Surfaces 

40 50 60 70 80 90 Speed 30 
Radius e Ls e Ls e Ls e Ls e Ls e Ls e Ls Radius 

NC NC NC NC NC NC 8000 8000 NC 

3000 3000 NC NC NC NC RC 40 RC 40 RC 50 
2000 2000 NC NC NC RC 40 RC 40 RC 40 RC 50 
1500 1500 NC NC RC 30 RC 40 RC 40 RC 40 RC 50 

5000 NC NC NC NC NC NC RC 5000 

1200 
i000 
900 
800 
700 

1200 NC NC RC 30 RC 40 RC 40 RC 40 RC 50 
1000 NC NC RC , 30 RC 40 RC 40 RC 40 0.043 50 
900 NC RC 30 RC 30 RC 40 RC 40 RC 40 0.046 50 
800 NC RC 30 RC 30 RC 40 RC 40 0.042 40 0.049 50 
700 NC RC 30 RC 30 RC 40 RC 40 0.046 40 0.053 50 
650 NC RC 30 RC 30 RC 40 0.040 40 0.048 40 0.056 50 650 
600 NC RC 30 RC 30 RC 40 0.042 40 0.050 40 0.058 50 600 

550 550 RC 30 RC 30 RC 30 RC 40 0.045 40 0.053 40 0.061 50 
525 RC 30 RC 30 RC 30 RC 40 0.046 40 0.054 40 0.063 50 525 
500 RC 30 RC 30 RC 30 RC 40 0.048 40 0.056 50 0.064 50 500 
475 RC 30 RC 30 RC 0 0.040 40 0.049 40 0.058 50 0.066 60 475 

400 RC 30 RC 30 RC 30 0.045 40 0.054 40 0.063 50 0.071 70 400 

450 RC 30 RC 30 RC 30 0.042 40 0.051 40 0.059 50 0.068 60 450 
425 RC 30 RC 30 RC 30 0.043 40 0.052 40 0.061 50 0.069 60 425 

380 RC 30 RC 30 RC 30 0.046 40 0.056 40 0.065 50 0.073 70 380 
360 RC 30 RC 30 RC 30 0.048 40 0.057 40 0.066 50 0.075 70 3 60 
340 RC 30 RC 30 RC 30 0.050 40 0.059 40 0.068 60 0.077 80 340 
320 RC 30 RC 30 0.041 30 0.051 40 0.061 40 0.070 60 0.078 80 320 
300 RC 30 RC 30 0.042 30 0.053 40 0.063 50 0.072 60 0.080 90 300 
290 RC 30 RC 30 0.043 30 0.054 40 0.064 50 0.073 70 MinR300m 
280 RC 30 RC 30 0.044 30 0.055 40 0.065 50 0.074 70 
270 RC 30 RC 30 0.045 30 0.056 40 0.066 50 0.075 70 
260 RC 30 RC 30 0.046 30 0.058 40 0.068 50 0.076 70 
250 RC 30 RC 30 0.048 30 0.059 40 0.069 50 0.077 70 
240 RC 30 RC 30 0.049 30 0.060 40 0.070 50 0.079 80 
230 RC 30 RC 30 0.050 40 0.061 40 0.071 60 0.080 80 
220 RC 30 RC 30 0.051 40 0.063 40 0.073 60 MinR 250m 
210 RC 30 RC 30 0.053 40 0.064 40 0.074 60 
200 RC 30 RC 30 0.054 40 0.066 40 0.075 60 
190 RC 30 RC 30 0.056 40 0.067 40 0.077 70 
180 RC 30 RC 30 0.057 50 0.069 50 0.078 70 
170 RC 30 RC 30 0.059 50 0.070 50 0.080 70 
160 RC 30 RC 30 0.061 50 0.072 50 Min R 170m 
150 RC 30 0.049 30 0.063 50 0.074 50 
145 RC 30 0.050 30 0.064 50 0.075 60 
140 RC 30 0.051 30 0.065 50 0.076 60 
135 RC 30 0.052 30 0.066 50 0.077 60 
130 RC 30 0.053 30 0.067 50 0.078 60 
125 RC 30 0.054 30 0.068 50 0.079 60 
120 RC 30 0.055 30 0.069 50 0.080 70 
115 0.040 30 0.057 30 0.071 50 Min R 120111 
110 0.042 30 0.058 30 0.072 50 
105 0.043 30 0.059 30 0.073 50 
100 0.044 30 0.061 30 0.075 50 
95 0.046 30 0.062 30 0.076 60 
90 0.047 30 0.064 40 0.078 60 
85 0.049 30 0.066 40 0.079 60 
80 0.051 30 0.067 40 0.080 60 
75 0.052 30 0.069 40 MinR80m 
70 0.054 30 0.071 40 
65 0.057 30 0.073 40 
60 0.059 30 0.075 40 
55 0.061 30 0.078 40 
50 0.064 30 0.080 40 
45 0.067 30 MinR55rn 
40 0.071 30 
35 0.074 30 
30 0.079 30 

Min R 30m 
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m Sag Crest 

51 0.06 VERTICAL 
ALIGNMENT 

60 85 17 

Refer to Table 350.A for maximum grades and Section 
370 for limit conditions when minimum radii are used in 
combination with maximum grades. 

Crest vertical curves are designed for SSD using 1.05 m 
for the height of driver's eye and 150 mm for the fixed 
object height. 

Sag vertical curves are designed for SSD using the 
headlight control criteria. 

See Table 510.1 for minimum K values for Sag and Crest 
Vertical Curves on LVRs. 

The minimum length of vertical curve should be equal to 
the Design Speed. 

18 

Table 510.1 Vertical Curves on LVRs 

80 

90 

);;-I Mi:;" I Minimum Curve 
K 

1 40 32 50 

. 170 40 90 

50 65 12 11 

r T~ I llo I 24 I 30 I 

51 0.07 CROSS SECTION 
ELEMENTS 

Cross-section Types 
The majority of LVRs built in British Columbia are two- 
lane, two-way LVRs. One-lane LVRs are very seldom 
designed and are, therefore, not covered in this chapter. 

The designer should not design a one-lane LVR without 
the approval of the Chief Highway Engineer or the 
Regional Manager of Professional Services. Refer to the 
TAC Manual, Chapter H for additional design guidelines 
on One-lane LVRs. 

A) Two-lane LVRs 

The roadway widths are dependent on the design speed, 
the amount of truck traffic and the type of surface. The 
shoulder width is the minimum that will provide lateral 
support for the pavement. There is no allowance for 
emergency parking as there are ample gaps in the 
opposing traffic stream to permit a safe passage around 
parked vehicles. 

B) One-lane LVRs 

One-lane LVRs are not common but they may be suitable 
in very special circumstances when the R/W is limited, 
such as in very rough terrain. One-lane LVRs can be 
designed for one-way or two-way traffic. 
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Design Speed 

80 - 90 

30 - 70'" 

Cross Section Elements for LVRs (also refer to Figure 51 0.P, page 510-1 4) 

Refer to Figure 5 10.P with these two tables. 

Roadway Width'') Normal X-Fall Fill Slope(z) 
(m) W m )  

ADTT > I S 3 )  ADTT < 1Y3) 
8 .O 7.5'4' 0.04 2: 1 

7.5'4' 7.0(4) 0.04 2: I 

Design Speed Lane Width'') Unpaved") 
(knfi) (m) Shoulder (m) 

ADTT > 1 S3) ADTT< I S 3 )  

80 - 90 3.6 3.5 0.5 

50 - 60 - 70'5' 3.5 3.2S4) 0.5 

30 - 40@' 3.25~'~) 3.2S4) 0.5 

Normal X-Fall Fill Slope(*) 
(dm) 

0.02 2: 1 

0.02 2: 1 

0.02 2: 1 

Where CRB is used, widen the roadway or pavement by 0.6 m on the barrier side of the roadway. 

In mountainous terrain, when fill heights exceed 3.0 metres or when environmental, R/W or other economic 
constraints dictate, a slope of 1.5: 1 may be appropriate. For high fill heights the traffic barrier warrant should be 
examined. Maximum side slopes of 1.25: 1 are suggested for rock grading. 

Maximum back slopes of 1.5: 1 are suggested for earth grading if the stability of local soils permits. For cut sections 
in solid rock, refer to the appropriate drawing in Chapter 400. 

A truck is defined as a single unit (SU9) or larger vehicle. See the Design Vehicle Section in this Manual. 

To avoid shoulder degradation on paved LVRs and crossing of centreline on gravel LVRs, these widths should be 
increased on curves. The amount of additional widening is related to curvature and speed. See the Cross Section 
Chapter of the TAC Design Manual for discussion. 

Approval from the Regional Director or the project Technical Review Committee is required for design speeds less 
than 80 k d h .  
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510.08 CLEAR ZONE 

There is no clear zone applied to LvRs with regards to 
slope treatment. However, the utility pole offset is 
applied. Utility poles must be placed within 2 m of the 
R/W or 3 m from the toe of fill which ever gives the 
greater offset from the lane edge. 

510.09 BARRIER FLARES 

The flares for both roadside barrier and bridge ends are a 
function of volumes under 200 ADT and are shown in 
Table 5 10.M. For the “Z3” flare, the flare rate or angle 
has been maintained, while the length and thus the offset 
have been reduced. 

For the “1/3” flare, the “2/3” Ya has been kept, with the 
minimal Xa to develop the offset. This Xa is a function of 
the connection flexure between pieces of barrier. Figure 
5 10.L shows the decision tree to the appropriate treat- 
ment. 

Figure 510.L Barrier Flare Decision Tree 

Where a full flare or a “Y3” flare is required, the designer 
should evaluate the economics of using the required Xa 
with an attenuator and no flare. To simplify the compari- 
son, evaluate capital costs of the flare vs. capital cost of 
the attenuator, without a flare. See 510.11 for flare 
adjustment rationale. 

510.10 ROADSIDE BARRIER 

Barrier need is determined with the Roadside Bamer 
Index Warrant, in Chapter 600, Safety Elements. To 
accommodate the barrier, add 0.6 metres width to the side 
of the road where the barrier is to be placed. 

510.11 LOW-VOLUME 
BRIDGES 

All bridges shall have an end treatment. Figure 5 1O.L is 
the decision tree to the appropriate treatment on bridges. 

The Bridge Engineering Branch and Highway Safety 
Branch are to be contacted regarding connection details to 
various bridge ends. 

1 1 

& Full Flare 

Full Flares are shown in Chapter 600: Figure HSE 82-07/A for Roadside Barrier and Figure HSE 83-01/B for Bridge 
Ends. Reduced flares are shown in Tables 51 O.M. The notations ‘ 3 3 ”  and “1/3” are nominal descriptors; the actual 
lengths are a function of discrete barrier pieces, connection details and the ability to flex the barrier at their individual 
connections. 
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37.4 2.3 15 17.5 2.3 7 

39.9 2.3 16 20.0 2.3 8 

Table 51 0.M Adjusted Flares for Roadside Barrier I 

Xa dimensions do not include a CTB-2 Transition piece and the need for pairs of CRBs (M&F) on Bridge End Flares. 
These are minimum dimensions and should be exceeded where feasible. 

Contact Bridge Engineering for specific connection details. Should the connection detail not require a CTB-2, add an 
extra piece of CRB. 
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510.12 FLARE ADJUSTMENT 

There may be cases where more barrier length should be 
used than that arrived at through Figure 51 O.L. This can 
be caused by specific site conditions. 

For example, it may not be cost-effective to build the 
bridge end or embankment protection flare in the required 
location, because of the expense incurred in building the 
embankment for the flare. 

In this case, it may be less expensive to have additional 
barrier, parallel to the road that extends further to a more 
acceptable location. See Figure HSE 83-03, in Chapter 
600, for some sample treatments. 

Where full size or “2/3” flares are required, consider 
using the required Xa with an attenuator and no flare. 

In another typical situation, there may be sufficient space 
for the flare at the bridge approach. However, the barrier 
may have to be extended to shield a hazard on the side of 
the road. 

For this case, the barrier length should be extended, 
parallel to the lane edge, to prevent an errant vehicle that 
leaves the road from reaching the hazard. The required 
flare is simply shifted to the end of the parallel barrier and 
placed using the same Xa and Ya as would otherwise be 
used. 

In the example shown in Figure 5 1 O.N, it is determined 
that a “1/3” flare is necessary for a bridge end treatment 
at 80 km/h. The Xa value is 15.0 m plus 1.3 m for CTB-2, 
the Ya is 2.3 m. However, there is a sharp drop-off to the 
river below. To prevent a vehicIe that leaves the road in 
advance of the “1/3” flare bridge end treatment from 
reaching the drop off, the total length required is equal to 
the full Xa value of 46.2 m. The solution is to insert 12 
pieces (30 m) of CRB at the bridge end after the CTB-2, 
parallel to the road, and to place the “1/3” flare at the end 
of this barrier run. 

A prudent design should also recognize that barrier flare 
ends should not be placed at awkward locations in the 
alignment, such as just beyond vertical curves or on the 
outside of sharp horizontal at the end of tangent sections. 

Figure 510.N Flare Adjustment to Shield a Hazard at an LVR Bridge Approach 

113 Flare would normally go here 

113 Flare in new position 
I Ya 2.3 m 

-Xa 16.3 m’ Xa 15.0 m2 
- - Bridge Full Xa 46.2 m t 

1 Approach Flare Opposing Flare Initial Xa includes CTB-2 

This dimension does not 
include CTB-2 

Because of the narrowness of LVR’s, there is no difference between Approach and Opposing Flares. 
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