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STUDENT HANDOUT

ENG NEERI NG | N THE MAGIF

LEARNI NG OBJECTI VES: There are no Learning Cbjectives. This is a Lesson
Pur pose cl ass devel oped to assist you in the mastery of all other Learning
oj ectives throughout the course.

OUTLI NE

1. MLITARY ENG NEERING Mlitary engineering spans the warfighting
continuum fromthe strategic to the operational to the tactical |evels of war.
Engi neers support the intelligence and operational planning efforts by

anal yzing the affects of terrain, hydrol ogy and infrastructure, and by
identifying potential targets. Engineering in the mlitary speeds force flow
by assessing shortfalls and inproving needed facilities to include air and sea
ports of debarkation, force bed-down sites and |ines of communication, as well
as providing associated facility operati ons and mai ntenance (&M . It
facilitates operational maneuver and force protection by providing bridging,
expeditionary airfields, facility war damage repair, explosive ordnance

di sposal, barriers and defensive fortifications. Engineers play essentia
roles in Mlitary Operations O her Than War (MOOTW, disaster recovery,

humani tarian relief operation and peacekeepi ng operations, environmental
conpliance and nmitigation. All these efforts fall into two broad categori es:

a. Conmbat Engi neering. Conbat engi neering enhances nmonentum by
physical ly shaping the battl espace, creating the space and tine necessary to
generate nmass and speed whil e simultaneously degradi ng eneny maneuver. By
i mproving the battl espace, conbat engi neers accelerate the concentration of
conbat power increasing the tenpo of the force necessary to exploit critica
enenmy vulnerabilities. By reinforcing the natural restrictions of the
battl espace, conbat engineers limt eneny ability to generate tenpo, thereby
i ncreasing reaction tinme while physically and psychol ogically degradi ng eneny
will. These efforts fall into three types of operations that together shape
the battlespace. They are nobility, counternobility, and survivability.

(1) Mbility. Mobility operations physically shape the terrain and
space for the naneuver commander to gain freedomof tactical and operationa
maneuver. These tasks fall under the five functional areas:

(a) Gap Crossing
(b) Assault Breaching
(c) Countern ne/ Counter-obstacle

(d) Conbat roads and trails

(e) Forward Operating Bases (FOBs)
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(2) Countermpohility. By reinforcing existing (natural) obstacles with
man- made obstacles to restrict nmaneuver, engineers multiply the effects of our
forces while denying the eneny the ability to concentrate. These operations
are divided into | andm ne warfare and obstacl e devel opnent in order to
acconplish the following to the eneny:

(a) Turn
(b) Fix
(c) Block
(d) Disrupt

(3) Survivability. Survivability includes all aspects of protecting
personnel, weapons, and supplies while sinultaneously deceiving the eneny.
The lethal battlefield requires comanders to know all survivability tactics
avai |l abl e including building a good defense; enploying frequent novenent;
usi ng cover, conceal nent, deception, and canmoufl age; and construction of
fortified positions for personnel and equi pnent.

b. General Engi neering.

(1) Construction. Construction is the creation or rehabilitation of
structures or areas for use by mlitary forces. These efforts fall into 2
categories; horizontal and verti cal

(a) Horizontal. Horizontal construction is the nodification of
the terrain to aid novenent or allow for |arge assenblies to include building
runways, roads, and marshaling areas. Ground | evel construction

(b) Vertical. Vertical construction is creating or rehabilitating
bui | di ngs or other structures. Above ground construction

(2) Facilities. Enconpasses the acquiring of land or facilities,
construction, and mmi ntenance of real property

(a) Mobile Electric Power. Portable generators used for
everything frompowering a COC to powering a hospital during disaster relief
operations.

(b) Hygi ene Equi prent. Portabl e water purification processing.
c. Engineer Conmmunity Mlitary Cccupational Specialties (MXSs). The

followi ng Marines performthe tasks |isted above and are found in Marine
Divisions, Air Wngs and Force Service Support G oups:

1302 Engi neer O ficer

1310 Engi neer Equi prent O ficer

1330 Facilities Mintenance O ficer
1361 Engi neer Assistant (Drafter/Surveyor)
1371 Conbat Engi neer

1316 Met al Wor ker/ Vel der

1341 Engi neer Equi pnment Mechanic
1345 Engi neer Equi prent Oper at or
1349 Engi neer Equi pnent Chi ef

1390 Bul k Fuel O ficer

1391 Bul k Fuel Speciali st

1120 Uilities Oficer

1141 Basic Electrician

1142 El ectrical Equi pment Speci al i st
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1161 Refrigeration Mechanic
1169 Uilities Chief

1171 Hygi ene Equi pnment Oper at or
1181 Fabric Repair Speciali st

2. ENG NEERS IN THE MAGTF

a. Marine Expeditionary Force (NEF)

(1) Engineers serve as special staff officers at every level of the
MEF. It is inportant to note that staff engineer officers at the MEF and
division |l evel are not dual hatted as Battalion and Squadron Conmanders. You
will see how this changes as we step down the |evels of comrmand.

COMMAND ELEMENT
MEF COMMANDER: MAJGEN
STAFF ENGR: COL/LTCOL

GROUND COMBAT ELEMENT AVIATION COMBAT ELEMENT COMBAT SERVICE SUPPORT ELEMENT NAVAL CONSTRUCTION FORCE ELEMENT
DIV COMMANDER: MAJGEN WING COMMANDER: MAJGEN FSSG COMMANDER: BGEN NCB COMMANDER: RADM, CEC (USN)
STAFF ENGR: LTCOL STAFF ENGR: LTCOL STAFF ENGR: LTCOL
COMBAT ENGINEER BN MARINE WING SUPPORT GROUP ENGINEER SUPPORT BN NAVAL CONSTRUCTION REGIMENT
BN CO: LTCOL MWSG CO: COL ESB CO: LTCOL NCR CO: CAPT, CEC (USN)
S-3: MAJ S-3: LTCOL S-3: MAJ S-3: LCDR, CEC (USN)

MARINE WING SUPPORT SQUADRON
MWSS CO: LTCOL
S-3: CAPT

(2) The MEF, largest of the Marine Air-Gound Task Forces, may be
formed with many variations in task organi zation. Variations range from
di vision/wing teamto a MEF conposed of two reinforced divisions and two
aircraft wings, together with the appropriate conbat service support
organi zation. MEFs are:

(a) Commanded by a Major Ceneral.

(b) Ground Conbat Elenment (GCE) is usually a Marine Division
reinforced with appropriate force conbat support units.

c) Aviation Conbat Elenent (ACE) is usually a Marine Aircraft
Wng (MAW task organized to conduct all tactical air operations.

(d) The Conbat Service Support El enent (CSSE) of the MEF is a
Force Service Support Group (FSSG, which is structured to support the entire
MAGTF. Conbat Service Support Detachments (CSSD) provide supply and
mai nt enance support as far forward as possible in support of maneuver forces.
The renmai ni ng FSSG assets are staged in forward areas to support operations as
required.

(e) The Naval Construction Forces are under the operational
control of the MEF Conmander to broaden the naval civil engineering spectrum
of construction to enhance and sustai n MAGTF operations ashore.

(3) M SSI ONS:

(a) Conbat Engi neer Battalion (CEB). M ssion: To enhance the
nobility, countermobility, and survivability of the Marine Division through
cl ose conbat engi neer support and provide limted general support required for
the functioning of the Marine Division. Secondary nission is to act as
infantry.
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(b) Engi neer Support Battalion (ESB). M ssion: To increase the
conbat effectiveness of the MAGTF by acconplishing general engineering
m ssions of a deliberate nature.

(d) Marine Wng Support Squadron (MABS). M ssion: Provide al
essential ground support and engi neer support requirements to aid designated
fixed-wing or rotary wi ng conponents of a Marine aviation conmbat air station

(e) Naval Construction Reginment (NCR). M ssion: To provide
responsive mlitary construction support to Navy, Marine Corps, and ot her
forces in mlitary operations; to construct and naintain base facilities; to
repair battle damaged facilities and to conduct linmted defensive operations
as required by the circunmstances of the deploynent situation and al so
acconpl i sh disaster control and recovery efforts when required.

b. Marine Expeditionary Force (Fwd).

(1) Engi neer conpany conmanders have a dual role as the special staff
officer to the GCE, ACE, and CSSE conmanders, respectively, and as comuanders
of their respective engi neer conpanies.

(2) Conpany(REIN) and Engi neer Detachnents include organic personne
and equi pnent from Conmuni cati ons, Heavy Equi pnent, Mtor Transport, and
Uilities elenents as well as mechanics and Corpsnan

(3) The MEF (Fwd) is a non-standing MAGTF. The force is drawn from
the parent MEF for contingency operations requiring capabilities beyond those
a Marine Expeditionary Unit (MEU) can provide. The MEF (Fwd) is fornmed from
the division/wi ng/FSSG team A MEF (Fwd) is capable of air-ground anphi bi ous
operations in lowto md-intensity conflicts. The MEF (Fwd) is nornally
established to acconmplish a nmission of Iimted scope.

(a) Commanded by Bri gadi er General

(b) The GCE of the MEF (Fwd) is tailored to acconplish the m ssion
assi gned; however, the ground conmbat capability of the MEF (Fwd) will normally
equate to a Reginmental Landi ng Team (RLT).

(c) The normal ACE of the MEF (Fwd) is a Marine Aircraft G oup
(MAG Which has substantially nore varied aviation capabilities than that of
the Marine Expeditionary Unit (MEU)

(d) The Conbat Service Support G oup (CSSG includes significant
resources fromthe FSSG task organi zed to support specific m ssion
requi rements. Navy organi zations al so provide significant resources to
establish the Navy Beach Group in support of operations ashore.

(e) A MEF (Fwd) is capable of sustained operations for thirty (30)
days of conbat.

c. Marine Expeditionary Unit (MEU)

(1) CEB, PLT (REIN); MASS ENG DET; and ESB, PLT (REIN)

(a) Engi neer platoon conmanders have a dual role as the specia
staff officer to the GCE, ACE, CSSE Commanders, respectively, and as platoon
conmanders for their engineer platoons.

(b) Platoons (REIN) and Engi neer Detachnents include organic

el ements from Corpsmen, Comruni cati ons, Heavy Equi pnent, Mtor Transport,
Uilities, and nechanics.

SH- 4



COMMAND ELEVENT
MEUQCO: COL
Staff Engineer: 1302

C-01A01

Ground Combat Element A Combet Service Support
BLTCO: LiCol o Lo MSSG 0O LiCol

Staff Engineer 1302 Lt CrarEgaee: Staff Engineer 1302 Lt
:DPLET‘(E'S\DB“ MWSS Engineer SptBN
PLTCO. 1302 Lt ENGRDET PLTCO: 1302 Lt

(2) MEUs possess the basic characteristics of |arger MAGIFs, utilizing
all the elenents of a conmbined arms team A MEUis forned fromthe
Di vi sion/Wng/FSSG team It is capable of perform ng conmbat operations on a
relatively limted scope.
(a) Commanded by Col onel .
(b) The GCE of the MEU is normally a Battalion Landi ng Team (BLT).

(c) The ACE is nornmally a conposite helicopter squadron with
additional AV-8B Harriers.

(d) The CSSE of a MEU is forned primarily from FSSG resources and
is designated a MEU Service Support G oup (MSSG .

(e) A MEU is capable of sustained conbat operations for 15 days.

(3) SPECI AL OPERATI ONS CAPABLE (SOC)

(a) Concept. As a global force-in-readiness a MEU (SOC) is
organi zed, trained, and equi pped as a sel f-sustaining, general-purpose
expedi tionary force possessing the capability to conduct a w de spectrum of
conventional and selected maritime special operations, rather than a force
which is tailored for a specific operation or area of responsibility (e.g., a
Speci al Purpose MAGIF). The uni que i medi ate-response utility of a MEU ( SOC)
requires it be capable of nission execution within 6 hours of warning order
receipt. This provides all geographic conbatant comuanders a forward-
depl oyed, rapid crisis response capability that can conduct conventiona
anphi bi ous and sel ected maritine special operations under the foll ow ng
conditions: night, adverse weather, over the horizon, under em ssions control
fromthe sea, by surface and/or air.

d. Special Purpose MAGIF. Special Purpose MAGIFs (SPMAGIFs) are task
organi zed to performspecific mssions of limted duration. Nornally,
SPMAGTFs are depl oyed for humanitarian assi stance or nonconbatant evacuation
operations (NEGs). They are designated by the nane of the location to which
t hey depl oy, such as SPMAGTF (Liberia), SPMAGIF (Los Angel es), or SPMAGIF
(Haiti).
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3. THE ROLE OF THE STAFF ENG NEER

a. The role of the MAGIF engineer is to increase rates of advance, nodify
terrain, provide critical ground support, increase force survivability and
sustainability, and support the efforts of the MAGIF el enents in carrying out
the commander's intent. The MAGTF engi neer carries out these roles by
providi ng support for intelligence, operations, plans, logistics, facilities,
real estate, and environnmental considerations. The engineer staff devel ops
engi neer policy, guidance, and standards for the coordination of engineer
efforts throughout the battl espace.

(1) Intelligence. Throughout the intelligence cycle the engineer
staff assist the S 2/ G2 in coordinating intelligence requirenents. The staff
provi des technical assistance in identifying, prioritizing and validating
engi neer intelligence needs, and assists in coordinating the collection of
engi neer informtion.

(2) Operations. The engineer staff nonitors the depl oyment,
enpl oyment and m ssion status of MAGIF engi neer assets with the prinmary focus
on appl yi ng engi neer capabilities to achieve the commander's intent.

(3) Facilities. Enconpasses the acquisition of necessary |and or
facilities, construction, and the mai ntenance of real property as described
bel ow.

(4) Real Estate. The engineer staff coordinates real estate services
to the MAGTF and organi zations supporting the MAGITF in the zone of operation

(5) Construction. The engineer staff nonitors construction efforts of
MAGTF engi neer forces, and based on comuander gui dance, fornmul ates
construction policies, priorities and standards.

(6) Real Property Mintenance. The repair and upkeep of |eased or
constructed property or facilities in the zone of operation that is utilized
by the MAGTF.

(7) Environment Considerations. It is the function of an engi neer
staff to coordinate the environnmental protection effort in the zone of
operation.

(8) Logistics. The engineer staff nanages the bul k storage of fue
and water throughout the area of operation. Additionally, while remaining a
Supply function, the engineer staff also assist in nonitoring the inventory
and flow of Class IV material in the zone of operations and recomends
appropriate reordering points.

REFERENCES:

FM 5- 100 Engi neer Conbat Operations
JP 4-04 C vil Engineering Support

MOWP 3- 17 MAGTF Engi neer Operations

MCWP 4-25. 2 SEABEE Operations in the MAGTF
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STUDENT OQUTLI NE

SO L STABI LI ZATI ON

LEARNI NG OBJECTI VES

1. Termnal Learning Objectives:

a. Gven a tactical situation and a nmission to construct a horizontal or
vertical facility, with the aid of references, supervise a soil stabilization
operation that satisfies the construction requirements in accordance with FM
5-410. (1302.1.2)

2. Enabling Learning Objectives:

a. Guven an unidentified soil sanple, performfield identification tests
per FM 5-410. (1302.1.2a)

b. Guven the results of field identification tests, classify the soi
using the Unified Soils Cassification System (USCS) per FM 5-410.
(1302. 1. 2b)

c. Gven a USCS classification, determne the suitability of the soil for
the intended m ssion per FM 5-410. (1302.1.2c)

d. Gven a conpleted field identification analysis and soil suitability,
apply proper soil stabilization techniques per FM 5-410. (1302.1.2d)

e. Gven a soil stabilization requirenent, determ ne the appropriate
amount of adm xture necessary to satisfy the mssion per FM 5-410.
(1302. 1. 2¢)

f. Gven a mssion to construct a horizontal or vertical facility
requiring soil stabilization, determ ne conpaction requirenments per FM 5-410.
(1302. 1. 2f)

g. Gven a mssion to construct a horizontal or vertical facility and
proper comnpaction equi pnent, identify the procedure for installing a test
strip per FM 5-410. (1302.1.29)

h. Gven the results of a test strip, list procedures to adjust
stabilization and/or conpaction of the material to neet requirenents per FM 5-
410. (1302.1.2h)

QUTLI NE

1. SOL FORVATION. The term“soil” refers to the entire unconsolidated
material that overlies and is distinguishable frombedrock. Soil is conposed
principally of the disintegrated and deconposed particles of rock. It also

contains air and water as well as organic nmatter derived fromthe
deconposition of plants and animals. Soil is a heterogeneous accumul ation of
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cenented or weakly cenented nmineral grains enclosing voids of varying sizes.
These m neral grains range in size fromlarge boulders to single nminera
crystals of mcroscopic size. The process of rock weathering and often the
addi ti onal process of transportation create soil

a. Wathering. Wathering is the physical or chem cal breakdown of rock
These physical and chenical processes will vary with the environnenta
condi tions present.

(1) Physical Wathering is the disintegration of rock. It breaks
rock nasses into snaller pieces without altering the chem cal composition of
the pieces. Processes that produce physical weathering include:

(a) Unloading - Extensive fracturing that results fromthe
relief of pressure on a rock unit due to the renoval of overlying materi al

(b) Frost Action - The fracturing that occurs when trapped
noi sture in rocks freezes. This nmoisture can expand up to one tenth of its
original volunme, creating pressure of up to 4000 pound per square inch (psi).

(c) OganismGowh - Trees and plants readily grow in the
joints of rock nmasses near the surface. The wedging action caused by root
grow h hastens the disintegration process.

(d) Abrasion - Sedinents suspended in wi nd or fast-noving water
can act as abrasives to physically weather rock masses. Rock particles
carried by glacial ice can also be very abrasive.

(2) Chemical Wathering is the deconposition of rock through the
chem cal reactions that take place between mnerals of the rock and the air
wat er or dissolved chemcals in the atnosphere. Chemi cal weathering processes
i ncl ude:

(a) Oxidation - The chemical union of a compound w th oxygen
An exanmple is rusting, which is the chem cal reaction of oxygen, water and the
iron mneral pyrite which fornms ferrous sulfate.

(b) Hydration - The chenical union of a conmpound wth water

(c) Carbonation - The chenical process in which carbon dioxide
fromthe air unites with various mnerals to form carbonates.

b. Formati on Met hods

(1) Residual Soils. \Where residual soils are forned, the rock
mat eri al has been weathered in place. While nmechanical (physical) weathering
may occur, chem cal weathering is the dom nant factor

(2) Transported Soils. By far, nost soils that we encounter are
materials that have been transported and deposited at a new | ocation. Three
maj or forces - glacial ice, water and wind - are the transporting agents;
hence, these soils can be divided into glacial deposits, sedinentary (water-
| ai d) deposits and eolian (w nd-1aid) deposits.

2. SO L CHARACTERI STICS. The physical characteristics of a soil aid in
determ ning the engineering characteristics. These properties formthe basis
for the systemof soil classification used to identify soil types. The

physi cal characteristics of soil particles are size and shape.

a. Gain (Particle) Size. Soils are divided into groups based on the
size of the particle grains in the soil nass. Particle size is determ ned
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t hrough the use of sieves. A sieve is a screen attached to a netal frane.
There are two types of sieves, inch and nunbered.

(1) Inch Sieves - These sieves range in size from3” to 1/4” and are
neasured by the clear distance between the wires.

(2) Nunbered Sieves - These sieves are nunbered from#4 to #200 and
are neasured by the nunber of openings per linear inch

If a particle will not pass through a screen of a certain size opening, it is
said to be “retained on” that sieve. The following table lists size groups
within the Unified Soils Cassification System

Size Sievesize
Groups Passing Retained on
Cobbles No Maximum Size 3inch
Gravels 3inch Number 4
Sands Number 4 Number 200
Fines Number 200 No Minimum Size

b. Particle Shape. Two general shapes are normally recognized: bul ky
and platy. The bul ky shapes include particles which are relatively equal in
all three dinensions. 1In platy shapes, one dinension is very small conpared
to the other two; for exanple, a thick book woul d be considered bul ky, but a
page of a book woul d be platy.

(1) Bul ky Shapes. Bul ky shapes are subdivi ded dependi ng on the
amount of weathering that has acted on them

(a) Angular particles are particles that have recently been
broken up. Jagged projections, sharp ridges and flat surfaces characterize
angul ar particles. The interlocking characteristics of angular gravels and
sands generally make themthe best materials for construction. These
particles are sel dom found in nature because the weat hering processes normally
wear themdown in a relatively short tine.

(b) Subangul ar particles have been weat hered until the sharper
points and ridges of their original angular shape have been worn off. The
particles are still very irregular in shape and are excellent for
construction.

(c) Subrounded particles are those on which weat hering has
progressed even further. Still somewhat irregular in shape, they have no
sharp corners and few flat areas. They are still adequate for construction

(d) Rounded particles are those in which all projections have
been renoved and few irregularities remain. The particles approach spheres of
varying sizes. They are not desirable in construction unless crushing can
alter the rounded shape.

(2) Platy Shapes. As previously stated, platy particles are
extremely thin conpared to their length and width. Only fine-grained materia
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of the clay variety has this characteristic shape. It is generally accepted
that platy grains are responsible for the plasticity of clay. Platy particles
are highly conpressi ble under static |load. Several phenonena are associ ated
wi th platy shapes.

(a) days frequently undergo very |large volune changes with
variations in noisture content. Evidence of this can be seen in the shrinkage
cracks that develop in a | ake bed as it dries.

(b) Unpaved clay roads, although often hard when sun baked, |ose
stability and turn to nud during rainstorns.

(c) 1In general, the higher the noisture content of a clay or
silt, the less its strength and hence its bearing capacity.

c. Gadation. The distribution of particle sizes within a soil nmass is
known as its gradation. Gadation is described by two main headi ngs.

(1) Well-Gaded Soil. A well-graded soil is defined as having a good
representation of all particle sizes fromthe largest to the snmallest.
Additionally, the shape of the grain size distribution curve is snmooth, the
coefficient of curvature is between 1-3, and the coefficient of uniformty
nust be >4 for gravel and >6 for sand.

(2) Poorly-Graded Soil. There are two types of poorly-graded soil.

(a) Uniformy graded soil consists prinarily of particles of
nearly the sane size.

(b) Gap Graded soil contains both large and small particles, but
the gradation continuity is broken by the absence of some particle sizes.

d. Bearing Capacity. The above soil characteristics are a neasure of the
soil’s suitability to serve sone intended purpose. Cenerally, a dense soi
will withstand greater applied | oads (have greater bearing capacity) than a
| oose soil. Particle size has a definite relation to this capacity.
Enpirical tests show that well-graded, coarse grained soils generally can be
conpacted to a greater density than fine grained soils because the smaller
particles tend to fill the spaces between the |arger ones. The shape of the
grains also affects the bearing capacity. Angular particles tend to interlock
and forma denser mass, and are nore stable than rounded particles, which can
roll or slide past one another. Poorly-graded soils, with their |ack of one
or nore sizes, leave nore or greater voids and therefore a | ess dense nmss.

3. UNIFIED SO L CLASSIFI CATI ON SYSTEM (USCS). Soils sel dom exi st separately
as sand, gravel, or any other single conponent in nature. They are usually

m xtures with varying proportions of different sized particles. Each
conponent contributes to the characteristics of the mxture. The USCS is
based on the characteristics that indicate how a soil will behave as a
construction material. These characteristics include the percent of gravel,
sand and fines; gradation; and plasticity. The physical properties determ ned
by field identification techniques are used to classify the soil. Once an
accurate classification is obtained, the potential behavior of the soil under
traffic or foundation | oads can be detern ned.

a. Categories. In the USCS, all soils are divided into three major
categories: Coarse grained, fine grained, and peat. The first two are
differentiated by grain size, whereas the third is identified by the presence
of large anmounts of organic naterial
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b. Goups. Each of the major categories is further subdivided into
groups and a letter synbol is assigned to each group. The primary letter of a
classification relates to the soil group, while the secondary letter is
descriptive of the soil’s characteristics. The follow ng synbols are conbi ned
to describe the soil mxture

SO L GROUPS SYMBOL
G avel G
Sand S
Silt M
Cl ay C
Organi c @]
SO L CHARACTERI STI CS SYMBOL
Wl | Gaded w
Poorly G aded P
H gh Conpressibility H
Low Conpressibility L

*Mand C are al so used as secondary letters of the USCS

4. FIELD | DENTI FI CATION OF SO L. The soil types of an area are an inportant
factor in selecting the exact location of airfields and roads. The mlitary
engi neer, construction foreman, and menbers of engi neer reconnai ssance parties
nmust be able to identify soils in the field so that the engi neering
characteristics of the various soil types encountered can be conpared.

Several sinple field identification tests are described below. Each test my
be performed with a mnimum of tinme and equi prent, although seldomwll all of
thembe required to identify a given soil. The nunber of tests required
depends on the type of soil and the experience of the individual performng
them By using these tests, soil properties can be estinated and naterials
can be classified. Such classifications are approximati ons and shoul d not be
used for designing permanent or sem pernanent construction

a. Soil Surveys. The survey of soil conditions at the site of proposed
mlitary construction provides infornmation about the nature, extent and
condition of soil layers. It is vital to both the planning and execution of
mlitary construction operations.

(1) Sources Useful in Planning Soil Surveys

(a) Intelligence Reports. Intelligence reports that include
maps and studies of soil conditions usually are available for areas in which
mlitary operations have been planned. These reports are a source of
i nfornmati on on geol ogy, topography, terrain conditions, climte, and weather
condi tions.

(b) Local Inhabitants. Local inhabitants may provide
infornmati on to supplenent intelligence reports or provide information about
areas for which intelligence reports are unavailable. Data obtained fromthis
source could include possible |ocations of borrow pits, sand and grave
deposits, and peat or highly organic soils.

(c) Maps and Aerial Photographs. Thorough inspection of maps
provi de informati on about topography that can be useful to the trained soils
anal yst such as locations of hills, nountains, ridges, |evees, sand dunes and
alluvial fans. Aerial photographs allow the trained observer to identify
| andf orns, sl opes, drainage patterns, erosion characteristics and |and use.

(2) Soil Exploration. Soil exploration, or soil boring, is nothing
nore than gathering soil sanples for exam ning, testing and cl assifying.
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Three net hods of obtaining sanples are available to the nilitary engi neer
taki ng sanples fromthe surface, from excavations already in existence or
digging a test hole. Regardless of the nmethod enployed, a quantity of soi
that will fit in a sandbag is required for analysis. Wen digging a test hole
or conducting a soil boring, the followi ng procedures should be foll owed:

(a) Locate soil borings at or adjacent to the point of interest.

(b) Ensure that the bore hole is deep enough to penetrate the
topsoil |ayer.

(c) CObserve the color, npoisture and nunber of |ayers exposed
within the bore hole.

(d) On large scale horizontal projects (roads or airfields),
conduct multiple borings and conpare data as required.

b. Procedures. An approxinmate identification of coarse grained soil can
be made by spreading a dry sanple on a flat surface and examining it, noting
particularly, grain size, gradation, grain shape and particle hardness. Al
unps in the sanple nust be thoroughly pulverized to expose individual grains
and to obtain a uniformm xture when water is added to the fine grain portion
A rubber-faced or wooden pestle and a nmixing bow are reconmended for
pul verizing. Placing a portion of the sanple on a firm snpoth surface and

using the foot to nash it can also pulverize lunps. |If an iron pestle is used
for pulverizing, it will break up the m neral grains and change the character
of the soil; therefore, using an iron pestle is discouraged. Tests for

identification of the fine grained portion of any soil are perforned on the
portion of the material that passes a Nunber 40 sieve. This is the sane soi
fraction used in the laboratory for Atterberg lints tests, such as
plasticity. |If the sieve is not available, spreading the material on a flat
surface and renoving the gravel and larger sand particles nay nake a rough
separation. Fine grained soils are examned prinarily for characteristics
related to plasticity.

c. FEquipnent. Practically all the tests to be described can be perforned
wi th no equi pnent or accessories other than a snmall amount of water. However,
the accuracy and uniformty of results is greatly increased by the proper use
of certain equipnment. The follow ng equipnent is available in nearly al
engineer units (or may be inprovised) and is easily transported:

(1) A Nunmber 40 US standard sieve. Any screen wth about 40 openings
per lineal inch could be used, or sorting the materials by hand. Nunber 4 and
Nunber 200 sieves are useful for separating gravels, sands, and fines.

(2) A pick and shovel or a set of entrenching tools for obtaining
sanples. A hand earth auger is useful if sanples are desired a few feet bel ow
t he surface.

(3) A spoon issued as part of ness equi pnent for obtaining sanpl es and
for mxing miterials with water to the desired consistency.

(4) A bayonet or pocket knife for obtaining sanples and trimrng them
to the desired size. A small mxing bowl with a rubber faced or wooden pestle
for pulverizing the fine grained portion of the soil. Both may be inprovised
by using a canteen cup and a wooden dowel .

(5) Several sheets of nonabsorbent paper for rolling sanples.

(6) A pan and a heating elenent for drying sanples.
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d. Testing. The procedures outlined below will result in a USCS
classification. Mny of the tests listed are not in sequential order
Uilize the wire diagramon page 12 to determine required tests and the order
in which they should be performed. This wire diagramis an extract from FM 5-
472, Materials Testing.

(1) Select a random but typical sanple of soil

(2) Performvisual exanm nation, noting color, particle shape, maxi num
si ze aggregate.

(3) Separate the gravel

(a) Renove fromthe sanple all particles retained on the #4
si eve.

(b) Estimate the percent of gravel.
(4) Odor test
(a) Heat the sample with a match or open flane.

(b) If the odor is nusty or foul snelling, there is a strong
i ndication that organic material is present.

(5) Sedinentation test (Both nethods use -4 material only)
CANTEEN CUP METHOD

(a) Place the sanple in a canteen cup, nmark the soil depth, and fill
it with water.

(b) Shake the mixture vigorously.
(c) Alowthe mxture to stand for 30 seconds to settle out.

(d) Pour the water containing the suspended fines into another
cont ai ner.

(e) Repeat steps (b) through (d) until the water poured off is clear
(f) Dry the soil left in the cup (sand).

(g) Estimate the percent of sand.

MASON JAR METHCD

(a) Place approxinmately 1" of soil into a mason jar. Draw a line on
the mason jar to represent 100% of naterial to be tested.

(b) Add water to within 1” fromtop of jar (about 5" of water).
(c) Shake m xture vigorously for 4 m nutes.

(d) Place jar on flat, undisturbed surface and allow to settle for
30 seconds.

(e) Mark settlement Iine on mason jar. This represents % settled
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(f) Estimate % settled in relation to the original 100%i ne.
(g) Determ ne %sand using the follow ng equation:

%settled X %sand & fines = U8
100

(6) Conpare the gravels, sands, and fines.
(a) The gravels have been estinated in test (3) step (b).
(b) The sands have been estimated in test (5) step (9).
(c) Estimate the percent of fines. 100 - ( %G + ) = 9%
(7) GGit or Bite test.*
(a) Place a pinch of the sanple between teeth and bite.
(b) If the sanple feels gritty, the sanple is silt (M) or sand (S).
(c) If the sanple feels floury, the sanple is clay (O).
(8) Feel test.*

(a) Rub a portion of dry soil over a sensitive portion of the skin,
such as the inside of the wist.

(b) If the feel is harsh and irritating, the sample is silt (M) or
sand (S).

(c) If the feel is snooth and floury, the sanple is clay (C).
(9) Wet Shaking test.*

(a) Place the pat of mpist (not sticky) soil in the pal mof the hand
(the volune is about % inch)

(b) Shake the hand vigorously and strike it against the other hand.
(c) Observe how rapidly water rises to the surface.

(d) If it is fast, the sanple is silty (M. |If there is no
reaction, the sample is clayey (O).

(10) Thread test.*
(a) Forma ball of noist soil (marble size).
(b) Attenpt toroll the ball into a thread 1/8 inch in dianeter.
(c) If thread is easily obtained, it is clay (C.
(d) If thread cannot be obtained, it is silt (M.
(11) Ribbon test.*

(a) Forma cylinder of soil that is approxinmately the size and shape
of a cigar.
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(b) Flatten the cylinder over the index finger with the thunb,
attenpting to forma ribbon 8 to 9 inches long, 1/8 to %inch thick, and 1
inch w de.

f 8
s

(c) |1
is obtained, it
(M) .

to 9 inches is obtained, it is (CH); if less than 8 inches
(CL); if there is no ribbon (less than 3"), it is silt

(12) Shine test.*

(a) Draw a snooth surface, such as a knife blade or thunmbnail, over
a pat of slightly noi st soil.

(b) If the surface becones shiny and lighter in texture, the sanple
is a highly plastic conpressi ble clay (CH).

(c) If the surface remains dull, the sanple is a |low plasticity

conpressible clay (CL).

(d) If the surface remains very dull or granular, the sanple is

silt (M.
(13) Dry Strength test.*
(a) Forma nmoist pat 2 inches in dianeter by % inch thick
(b) Alowit to dry with | ow heat.

(c) Place the dry pat between the thunmbs and i ndex fingers only and
attenpt to break it.

(d) If breakage is easy, it is a slightly plastic silt (M).

(e) If breakage is difficult, it is a nediumplastic and nmedi um
conpressible clay (CL) or a highly conpressible silt (M.

) |If breakage is inpossible, it is a highly plastic and highly
e clay (CH).

* Tests conducted on material smaller than 1/32 inch in dianeter (passes
Nunber 40 sieve).

(f
conpr essi bl

5. SO L STABILIZATION. Once a soil classification has been obtained the
soil’s value, as a construction nmaterial nust be evaluated. The chart on page
13 is utilized to determine a material’s suitability inrelationto its

i ntended purpose. This chart is an extract fromFM5-410, Mlitary Soils

Engi neering. |If a soil has less than desirable attributes as a construction
material, it nay be necessary to performsoil stabilization. Soi
stabilization is the alteration of one or nore soil properties, by chemical or
nmechani cal nmeans, to create the desired engi neer properties. Soils can be
stabilized to increase strength and durability or to prevent erosion and dust
generation. Regardless of the purpose, the desired result is the creation of
a soil naterial that will remain in place under the design use conditions for
the design life of the project.

a. Chenical Stabilization. Chemcal adm xtures are manufactured
conmer ci al products that, when added to soil in proper quantities, wll
i nprove the quality of the soil layer. Linme, bitum nous naterial, fly ash and
portland cenent are all types of chem cal admi xtures. O the four listed,
only portland cenent will be discussed in depth since it is the only materia
readily available to us in both garrison and the theater of operations.
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(1) Line. Lime will react with many nedium noderately fine, and
fine grained soils to produce decreased plasticity, increased workability,
reduced swell and increased strength. Linme gains strength slowy, requiring
14 days in hot weather and 28 days in cool weather to gain significant
strength. Unsurfaced |ine-stabilized soils abrade rapidly under traffic, so
bi tum nous surface treatnment is recomended to prevent surface deterioration

(2) Bituminous. Bitum nous stabilization is generally acconplished
using two types of liquid asphalts - cutback asphalts and asphalt emnul sions.

Both require specialized equi prent for application which the USMC does not
possess.
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CHARACTERISTICSPERTINENT TO ROADS, AIRFIELDS,
FOUNDATIONS AND EMBANKMENTS
USCS VALUEASA VALUE AS A VALUE FOR VALUE FOR MDD
DESIG | SUBGRADE BASE COURSE EMBANKMENTS FOUNDATIONS LBS/CF
GOOD TO FAIR TO REASONABLY GOOD BEARING 110-140 (R&A)
P EXCELLENT GOOD STABLE VALUE 115- 125 (F&E)
GOOD POOR TO REASONABLY GOOD BEARING 115- 135 (R&A)
M NOT SUITABLE STABLE VALUE 120 - 135 (F&E)
GOOD POOR TO FAIRLY STABLE GOOD BEARING 130 - 145 (R&A)
ce NOT SUITABLE VALUE 115- 130 (F&E)
FAIR TO GOOD POOR TO REASONABLY GOOD TO POOR 105 - 135 (R&A)
sP NOT SUITABLE STABLE BEARING VALUE 100 - 120 (F&E)
FAIR NOT SUITABLE FAIRLY STABLE GOOD TO POOR 100 - 130 (R&A)
M BEARING VALUE 110- 125 (F&E)
POOR TO FAIR NOT SUITABLE FAIRLY STABLE GOOD TO POOR 100 - 135 (R&A
s BEARING VALUE 105 - 125 (F&E)
POOR TO FAIR NOT SUITABLE POOR STABILITY VERY POOR 90 - 130 (R&A)
ML 95 - 120 (F&E)
POOR TO FAIR NOT SUITABLE STABLE GOOD TO POOR 90 - 130 (R&A)
ct BEARING VALUE 95- 120 (F&E)
POOR NOT SUITABLE POOR STABILITY POOR BEARING 80 - 105 (R&A)
MH VALUE 70-95 (F&E)
POOR TO FAIR NOT SUITABLE FAIR STABILITY FAIR TO POOR 90- 115 (R&A)
cH BEARING VALUE 75- 105 (F&E)
POOR TO NOT SUITABLE NOT SUITABLE FAIRTO 80- 110 (R&A)
© VERY POOR VERY POOR 65 - 100 (F&E)
(3) Fly Ash. Fly ash, when mixed with [ime and water, forms a

har dened, cenmentiti ous mass capabl e of obtaining high conpressive strengths.

It can be used effectively on nost coarse and medi um grai ned soils. Fly ash
is a byproduct of coal-fired electric power generation facilities. The
quality and useful ness of fly ash is dependent upon the type of coal used in

power generation.

(4) Portland cenent. Cenent can be used as an effective stabilizer
for a wide range of soil types. It inproves the quality of the soil by
reducing plasticity and transforming it into a cenented mass, which
significantly increases its strength and durability. Soil that has been
stabilized with cement lends itself to reduced thickness design criteria when
installing a nilitary road or expedient airfield. Procedures to determ ne the
amount of cenent required and application techniques follow

Step 1. Determine soil classification and check chart above to

judge suitability.

Step 2. Determine if soil stabilization using portland cement is

necessary.
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Step 3. Select initial estinated cenent content using table
below. This table is an extract fromFM5-410, MIlitary Soils Engi neering.

ESTIMATED CEMENT REQUIREMENTSBY SOIL TYPE
SOIL CLASSIFICATION INITIAL ESTIMATED CEMENT REQ
PERCENT DRY WEIGHT
GP 6
GM, SM, GC, SC 7
SP, CL, ML, CH 10
MH, O 11

Step 4. Determine quantity of stabilizing agent using the
follow ng forml a:

Q =Ax (T/ 12) x Dx Sx W
Wher e:
Q= Quantity of additive in pounds
A = Area to be stabilized in square feet (length x width)
Thi ckness of the stabilized lift in inches
Desired density in Ibs/cf ( lowest ndd value fromchart on

~+
I

D
page 13)
S

Percent of stabilizer in decinmal form( i.e., .02) taken

fromchart above
W= Waste factor (use 1.1 or 10%

Step 5. Scarify the nmaterial to be stabilized the entire depth

of the loose lift. This prepares the
soil for what is known as “in place” mxing. |If “off site” mxing is

enpl oyed, scarification may be omtted. “Of site” mxing is than bl ending
the stabilizing agent with fill material at the borrow site.

Step 6. Spread cement over the scarified lift. Generally,
portland cenment cones in 94 pound sacks. By dividing the total nunber of
pounds required obtained in step 4 by 94, determ ne the total nunber of sacks
required. These sacks can be spotted along the loose lift in rows of
predet erm ned spacing. The sacks are then cut and the material cast evenly by
hand over the loose lift. |If “off site” mxing is enployed, this step may be
omtted.

Step 7. Blend the portland cenent into the |oose lift by
scarifying or windrowing the material back and forth until a uniformnix is
achieved. Sufficient water should be added at this tine to bring the soi
mass to optimum noi sture content. The 130G Mdtorized Road Grader is ideally
suited for steps 5 and 7. Renmenber to ensure that the cenent and water are
bl ended the entire depth of the | oose lift. Failure to do so will result in
a stabilized soil-cenent crust with little to no conpaction underneath. |f
this happens, the risk of failure is high
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Step 8. Compact. Conpaction should begin imrediately after the
application and bl endi ng of water and cement, as the hydration process acting
on the portland cement is i mediate. For proper conpaction requirenents,
refer to the chart on page 17.

b. Mechanical Stabilization can be achieved by two nethods: ni xing/
bl ending two or nore poorly graded soils to obtain a well graded nmaterial and
conpacti on.

(1) Blending Soil. 1In order for a true, nmechanically stabilized
blend to be obtained, a conplete |aboratory analysis on all nateria
consi dered must be perforned. Once infornation on percents passing certain
sieves is gathered, either graphic or arithnetic proportioning fornmulas can be
enpl oyed. Since we do not possess the ability to conduct a conplete |ab
analysis, this nethod of stabilization is renote in the Fleet. It is not
beyond the real mof possibility, however, to performfield identification of
two or nore different soils and determine if the addition of one or nore woul d
yield a nore adequate construction material. A field identification test
woul d have to be conducted on the hybrid material and rough proportioning
coul d then be established.

(2) Conpaction. Soil conpaction is one of the nost critica
conponents in the construction of roads, airfields, embankments, and
foundations. Structural failure of roads and airfields and the danage caused
by foundation settlenent can often be traced back to i nproper soil conpaction
Conpaction is the process of nechanically densifying a soil by conmpressing the
soi|l particles together in a close state of contact, with air being expelled
fromthe soil nass in the process. Conpaction, as used here, inplies dynam c
conpaction or densification by the application of noving | oads to the soi
mass. Wth relation to conpaction, the density of a soil is normally
expressed in terns of dry density (ndd) and the common unit of neasurenent is
pounds per cubic foot (pcf).

(a) Effects of Proper Conpaction

| MPROVEMENT EFFECT ON SO L MASS
Hi gher shear strength Greater stability
Lower conpressibility Less settlenment under static | oad
Hi gher CBR val ue Less deformation under |ive |oad
Lower perneability Less tendency to absorb water
Lower frost susceptibility Less |ikelihood of frost heave
(b) Moisture Content . Nearly all soils exhibit a simlar
rel ati onshi p between noisture content and dry density when subjected to a
gi ven conpactive effort. For each soil, a maxi mumdry density devel ops at an

opti mum noi sture content (OMC) for the conpactive effort used. The OMC at

whi ch maxi mum dry density is obtained is the noisture content at which the
soi | becones sufficiently workable under a given conpactive effort to cause
the soil particles to become so closely packed that nost of the air is
expel l ed (reduction of voids). To determine OMCin the field, we use the C od
Test:

Step 1. Mld a golf ball-sized sanple of the soil with your

hands.
Step 2. Squeeze the ball between the thunb and forefinger
Step 3. If the ball shatters into several fragnments of rather
uni form size, the soil is said to be at or near OVC.
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Step 4. If the ball flattens out w thout breaking, the soil is
wetter than OMC, adjust noisture content as required.

Step 5. If the soil is difficult to nold or crunbles under very
little pressure, the soil is drier than OMC, adjust noisture content as

required.

(c) Application of Water.

In-place Application - Adding the water directly to the | oose
lift with a water truck. Wen using in-place application of water, it is
crucial to renmenber that, as with cenent, the water nust be fully blended to
the depth of the loose lift; otherw se, conplete conpaction/ ndd cannot be
obt ai ned.

Ponding - If tine is available, bulk water can be added to | oose
fill material at the borrow site. This nmethod is difficult to control since
soil can dry out significantly while being hauled fromthe borrow site to the
construction site. Conversely, soil can get so saturated that it renmins
wetter than OMC even after it has been delivered and placed. Ponding usually
requires trial and error to achieve adequate results.

(d) Conpacti on Equi pnent. The RAYGO 420C vi bratory conpact or
uses a vibratory action in conjunction with the ballast weight of the drumto
rearrange the soil particles into a dense mass. Vibratory conpaction is one
of the nost effective and econom cal neans of attaining maxi numdensity. The
420C conmes with a snoot h-wheel ed drum for conpacti ng coarse, non-cohesive/ non-
plastic material, and a padded foot drum for conpacting fine grained or
pl astic soils.

(e) Enpl oynent Concepts

SCIP (Scarify and Conpact in Place). |If information on a soi
type obtained fromthe chart on page 13 reveals that a material is nmargina
(poor to not suitable) for use as a subgrade, it may be necessary to SCIP the
material rather than expend time, noney and resources to chenically stabilize
it. SCIP entails scarifying the subgrade |layer to a depth not to exceed lift
thickness criteria found in the chart below This chart is an extract fromFM
5-410, Mlitary Soils Engineering. Once the subgrade has been scarifi ed,
adj ust the nmoisture content to achieve OMC and then conpact, follow ng the
gui dance provided in the chart pertaining to speed, vibrations per mnute and
nunber of passes. |f the subgrade is deened suitable for use, this evolution
may be omtted

Conpacting Fill. Once the subgrade has been prepared, |oose
fill, or lifts, are brought in. The general rule of thunb for the depth of
the loose lift is 11/2 to 2 tines greater than the desired finished, conpacted
lift. Finished Iift thickness is based on structural design criteria and wll
be covered under separate | esson. Renenber, mininumlift thickness is
governed by the maxi num size aggregate found in the soil. Mninmmlift
t hi ckness nust be twice as large as the (MSA). Maximumlift thickness shoul d
not exceed the lift thickness shown in the chart below. Further, use the
chart below to deternine speed, vibrations per mnute, and nunber of passes.
We can reasonably assune that as long as we are at or near OMC, by follow ng
the specs in the chart, we will achieve nmaxi mumdry density upon conpl etion of
conpacti on.

Test Strip. A test strip should be installed adjacent to the
construction site in order to evaluate/validate construction procedures.
Things to deternmine via the test strip are
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wat er application rate and opti numdepth of lift. The test strip and the

i nfornmati on gleaned fromit are our only real

formof quality control.

COMPACTION REQUIREMENTS FOR RAYGO 420C
VIBRATORY COMPACTOR

USCS COMPACTED | ROLLING SPEED NUMBER OF
DESIG LIFT THICKNESS (MPH) (VPM) PASSES
(INCHES)
GP 18 4 MPH 1,400 VPM 8
GM 12 4MPH 1,100 VPM 6
GC 12 4MPH 700 VPM 6
SP 18 4 MPH 1,400 VPM 8
SM 12 4MPH 1,100 VPM 6
SC 12 3MPH 700 VPM 7
ML 8 3MPH 700VPM 7
CL 8 3MPH 700 VPM 7

MH, OH, OL CAN'T BE PROPERLY COMPACTED WITH THE 420C

REFERENCE('S) :

FM 5-410

M LI TARY SO LS
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STUDENT OUTLI NE

EXPEDI ENT DRAI NAGE SYSTEMS

1. Purpose: The purpose of this period of instruction is to teach you the
types, purpose, design, construction, and mai ntenance of drai nage systens.

2.  LEARNI NG OBJECTI VES:
a. TERM NAL LEARNI NG OBJECTI VE (S)

(1) Gven a tactical situation, a map and references, design a
drai nage structure to intercept, collect, and renove surface water flow ng
toward a designated area from adj acent areas per the references. (1302.1.25)

b. ENABLI NG LEARNI NG OBJECTI VES

(1) Gven an existing all-weather stream the requirenment for a
drai nage structure and references, calculate the area of waterway to provide
adequat e drai nage per the references.
(1302. 1. 25a)

(2) Gven a map, an area requiring a drai nage structure and
ref erences, calculate peak stormwater run off to provide adequate drainage
per the references. (1302.1.25b)

(3) Gven an area of waterway and references, determ ne the anmount of
culvert required to provide adequate drai nage per the references.
(1302. 1. 25¢)

(4) Gven a volume of water to be drained and references, design a
drai nage ditch to provi de adequate drai nage per the references. (1302.1.25d)

OUTLI NE

1. SOURCES OF WATER/ HYRDOLOGJ C CYCLE

a. Precipitation. Rainfall and ground water are the two primary concerns
to nost mlitary drai nage designers. Snowrelt may be of greater concern in
wi de ranging climates or in the design of reservoirs, but snowrelt estimation
and reservoir hydrology is beyond our capabilities.

b. Interception. Vegetation decreases the velocity and amount of water.
Rain will not reach the soil until the holding capacity of the vegetation as
been exceeded.

c. Infiltration. A significant amount of water is absorbed into the
soil. The ampunt of water absorbed depends on the type of soil, vegeta
cover, and the slope of the terrain.
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d. Gound water.

(1) Surface water is water that has accurnul ated on the ground
surf ace.

(2) Subsurface water is the water that is in the ground (water
table).

(3) Capillary water is water that seeps up to the surface.

2. HASTY METHOD. The hasty nethod of runoff estimation is used when existing
streans with an all-weather flow crosses or interferes with a construction
site. This nmethod provides an estinate of the cross-sectional area of water
(AW) to be expected as a result of the naxi mum annual runoff-producing storm

a. This nethod nmakes the assunption that the cross section of the stream
during a high water event approxi nates the shape of a trapezoid. The formula
is:

Av = WLI+W2 4

2
Wher e:
Aw = Area of the waterway. TOP OF
BANK
W = Wdth of the channel bottom AI\‘
W = Wdth at the high water nark.

| W1 |
Hei ght fromthe bottomto the high w

b. Determning the neasurenents of the channel is the first step. The
bottomwi dth (W) rarely presents a problem The upper width (W) may be nore
difficult. The upper w dth nust be neasured at the high water mark.

H

c. The high water mark is characterized by water flow ng at higher than
normal velocity. The high velocity flow tends to cause notabl e bank erosion
and undercutting. The higher flow velocity also tends to retard the growh of
vegetation on the banks. Thus the high water nark is that point where bank
erosion is present or vegetation ceases.

d. The preferred | ocation for observing the high water mark and for
determ ning height (H) is along a straight run of the streamat, or
i medi ately adjacent to, the construction site.

e. Once the expected cross-sectional area of stormwater runoff (Aw) has
been determ ned, since culvert pipes rarely flow full, a safety factor is
i ncorporated so that adequate cross-sectional area is provided. This safety
factor is provided in the term Ades, the culvert design cross section. The
formula is:

Ades = 2Aw
Ades = design cross section.
2 = Safety factor
Aw = Area of the waterway that was previously conputed.
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Example #1 Step (1) (EXAMPLE 1)
< >
Aw= + = 12FT /
< 2 > >
AW= sqft. 5FT FT 4th HIGH
WATER
Example #1 Step (2) i NI MARK
Ades= (saft) X 2 = 7 fit
Ades= (sqft)
Example #2 Step (1) (EXAMPLE 2)
< >
Aw= + = 8FT /—
< 2 > >
TFT
Aw= sqft. 5FT a ]‘rt HIGH
WATER
Example #2 Step (2) i NISISAIIA MARK
Ades= (saft) X 2= St
Ades= (sqft)

3. FIELD ESTI MATE METHOD

The field estinmate method is an abbreviated version of the nore deliberate
rati onal nmethod. The field estinate nethod is used to estimate the peak vol une
of stormwater runoff. The runoff is carried in drainage paths that only carry
flow during and i nmedi ately follow ng precipitation. Results of the field
estimate nethod are adequate for determ ning the size of drai nage structures
for tenporary facilities in drainage areas of 100 acres or |less. The fornula
isi: Q=2x Ax RxC

Wher e:
Q = peak volune of stormwater runoff, in cubic feet per second.
2 = a constant (safety factor).

A

area of drainage basin, in acres.

R = design rainfall intensity based on the one hour, two

year frequency rainstorm in inches per hour

C = coefficient representing a ratio of runoff to rainfall

SH-3



C-01A06

a. Drainage area. The fastest and nost preferred nethod for determ ning
the size of the drainage area is the stripper nethod. The first step of the
stripper nethod is called delineation. It is done on a topographic nmap

Figenre Fe=id. Frefivmeairon of vinffeys ond droaces

(1) Locate all the hilltops within the vicinity of the construction

site.

(2) Draw arrows that follow the contour lines fromhilltop down, you
will then be able to see which area(s) will drain toward the construction
site. This is the drainage area.

(3) Draw lines fromhilltop to hilltop to delineate or outline an
ar ea.

(4) Locate the |ongest, steepest gradient (based on contour |ine
interval) within the drainage area. This will be the base |ine.

(5) Now you nust determine the area in square inches on the map and
then convert to acres. Use a straight edge to draw a series of |ines parallel
to the base Iine, one inch apart.

(6) Starting with the base line, neasure the length of each |line
within the [imts of the drainage area. Add the length of all the lines
together. This is the nap area in square inches.

(7) Since you are concerned with acres, you nust convert square inches
on the nap, to acres on the ground.

(a) First deternm ne how nmany square feet are in one square inch on
the map. Divide the map scale by twelve and then square the result.

EXAMPLE: |If your nmap had a scal e of 1:5000.

5000/ 12
416. 67

416.67 ft. (Note 1" on map = 416.67 ft. on ground.)
173,613.88 (Notes 1 sq inch on nmap contains
173,613.88 sq feet on ground.)
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(b) Second, determ ne how nany square feet are in the drainage
area. Miultiply the square inches of the drainage area by the nunber of square
feet per square inch.

EXAMPLE: |If the total length of your strips had been 5.25 inches.
5.25" X 173,613.88 = 911, 472. 87

(c) Now you nust convert square feet to acres. Divide the tota
area in square feet by the nunber of square feet in one acre, which is 43, 560.

EXAMPLE: Your area had 911, 472.87 square feet.

911,472.87 | 43,560 = 20.92 OR 21 ACRES

STUDENT PROBLEM  Using the nap provided by the instructor, determ ne the
acres of the drai nage area.

b. Rainfall intensity. This is the intensity of the one-hour, two-year
frequency rainstorm This can be deternined two
di fferent ways.

(1) Local rainfall data nay be obtainable through the weat her station
or the intelligence officer (S 2). This is the preferred nethod because it is
normal |y nore accurate.

(2) The other method is by |ooking up the value on an isohyetal map. A
copy of this map can be found on page 6-7 of FM 5-430, or on page 8-5 of FM 5-

34. Do not interpolate. If the project location falls on an isohyetal |ine,
read the value of that line. If it falls between two lines, read the |arger
value. If it falls within an encircling isohyetal line, read the value of the

encircling line.

BRITISH ISLES
A

0s ‘:’

ATLANTIC OCEAN

-y
ASIA
7, MINOR

-

PACIFIC OCEAN

.
5' NEW
| E

‘v.

EXAMPLE: |If your project location is Eastern North Carolina, you can see that
it falls between 1.5 and 2.0. Use the larger value of 2.0.
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c. Runoff coefficient. The runoff coefficient is the ratio of runoff to
rainfall. It is the amobunt of water expected to drain from(not infiltrate) an
area as the result of a specific anmount of rainfall. The runoff coefficient is
expressed as a decimal. There are three primary factors that affect the
percentage, the soil type, surface cover and sl ope.

(1) Soil type. If the soil is porous, a large portion of the rain wll
infiltrate the soil. This condition would translate to a smaller runoff
coefficient. On the other hand alnost all of the rainfall wll pass over

surfaces such as asphalt, concrete, and conpacted gravel or macadam thus
resulting in a higher runoff coefficient.

(2) Surface cover. It is also inportant to know the surface cover. |If
the area is conpletely bare then it would be without turf. If the area is
conpletely covered with vegetation then it would be with turf. |[If the area
has sone vegetation but is not conpletely covered then use the higher without
turf value. |If the area is wooded then the coefficient will be 0.20 because
of the capability for the root systens to absorb water. See table bel ow.

C VALUES
Slope<2 % Slope>2 & <7% Slope> 7%
Soil or Cover
Classificati w/o w/o w/o
assficaion w/turf turf w/turf turf w/turf turf

GW, GP, SW, SP .10 .20 .15 .25 .20 .30
GMd, SMd, ML, .30 40 .35 45 40 .50
MH, Pt
GMu, GC, SMu, SC .55 .65 .60 .70 .65 .75
CL, OL, CH, OH

Wooded area .20 .20 .20 .20 .20
Asphalt Pavement M .95
Concrete .90
Pavement

Gravel/macadam .70 .70

7 -
table 6-1

(3) Slope. As terrain becones steeper, water flows sooner and nore
rapidly. This allows less time for infiltration to occur and results in the C
val ue becomng larger for the natural cover or soil categories.
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d. Finding (C the Runoff coefficient

(1) (USCS) Using the soil classification based on the Unified Soi
Classification System (USCS), select the predom nant soil type located in the
left colum of table 6-1. Be sure to use the value that corresponds to the
cover type. If the area is wooded or covered with asphalt, concrete, gravel or
macadam sinply | ookup the C value in the |eft hand columm of the table.

(2) Slope percentage. ldentify the slope on the nap. The difference
bet ween the top and bottom of the slope is found by reading the el evation
contours. Then the horizontal distance is neasured and converted to the sane
unit of measure as the vertical distance.

Elevation B =181m
Elevation A =100m
Difference (Vd) 81m

Horizontal =4150m
Distance (Given)

180
1818 160
Difference in Elevation M -

100

Use the percent formula.

vd _ 81 _
Hd X100 = 1150 x100
100
=1.9% or 2% Slope A
(3) Turf. If the soil is not covered as previously explained then

determ ne whether the area is with or without turf.

(4) Safety. In all cases where you have nore than one possible runoff
coefficient, use the highest val ue.

EXAMPLE: Your drainage area is nmade up of M. soil, with 40%turf and a sl ope
of 2%

*Since your area is covered with 40%turf you use the highest val ue
which will be w thout turf.

* Look up the value based on the drainage characteristics. You should
obtain a value of 0.40 for your runoff coefficient.

(a) Q= 2ARC

Q = Peak vol une "cubic feet per second"

A = Area in acres, previously conputed at 31.89
acres. Rounded up to the whole acre would be 32 acres.

R = Rainfall intensity for eastern North Carolina
was found to be 2.0
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¢ = Runoff coefficient which was 0.40 M. soi
wi t hout turf.

Q=2x 32 x 2 x 0.40

Q=64 x 2 x 0.40

Q=128 x 0.40

Q=051.2 CFS

4. WATERWAY AREA. Expedient culvert and ditch design is based on the

wat erway area. The hasty nethod produced a result in terns of waterway area,
but the field estinate nethod produced a result in terns of peak vol ume of
stormwater runoff (Q. The stormwater runoff must now be nodified so that it
isin ternms of waterway area.

a. First look at the equation where Q = VAw.

Q

V = velocity of water, in feet per second (fps).

peak volune of stormwater runoff.

Aw = waterway area, in square feet.

b. For expedient purpose you will always use a velocity of 4 fps for
desi gn of expedi ent drainage structures. Using sinple algebra, you can
rearrange the above equation so that the result wll be waterway area.

(1) Q= VAw

(2) Divide both sides of the equation by the velocity (V). The result
is QV = Aw.

c. The final step would be to substitute the known and previously
cal cul ated values for the variables in the equation and solve for the waterway
ar ea.

EXAMPLE: You previously calculated a Q of 51.2 cfs, and the velocity is a
given of 4 fps.

d Aw =QV

e. As with the hasty nethod described earlier, you rarely design a
drai nage systemto flow conpletely full. You nmust apply a safety factor which
is represented by Ades.

Ades = Aw x 2

EXAMPLE: Since your waterway area is 16 sqft., multiplying by the safety
factor of two gives a design waterway area (Ades) of 32 sqgft.

5. TRIANGULAR (V) DITCHES: Triangular (V) ditches are used to nove snal
quantities of water. Small quantities of water generally nmeans Q < 60 cfs or
AW < 15 sqft. There are two fornmulas used to determ ne how wi de and how deep
the ditch should be. They are:

a.
_ Ades
D= x/ S +5
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D = Water depth in feet
Ades = Design cross section
X = Slope ratio, or anmount of vertical distance to every horizontal
di stance of the fore sl ope.
Y = Slope ratio, or the anount of vertical distance to
every horizontal distance of the cut slope or back sl ope.
.5 = Constant as a safety factor.

b. Wdth = Dx (X + V)

Wdth of the top of the ditch
Deternmi ned by slope ratio.
Deternmi ned by slope ratio.

W
X
Y

c. X- Slopes less than or equal to 3:1 (HV) ratio are recomrended as
safe side slopes for roadside ditches.

d. Y- It is recomended that the slope be a 1:1 (HV) ratio.

e. The width fornula uses the sane X and Y as the depth formula. Al so,
you need the depth (D) to determine the width. To ensure the ditch