C1, FM 5-410
FM 5-410, change 1
Prepared March 1997

Military Soils Engineering

Cover Letter

Table of Contents

List of Figures

List of Tables

Preface

Chapter 2

Chapter 7

Glossary

Authentication Page



C1, FM 5-410

Change 1 Headquarters
Department of the Army
Washington, DC,

Military Soils Engineering

1. Change FM 5-410, 23 December 1992, as follows:
Remove Old Pages Insert New Pages
i through xxix i through xxix
2-29 through 2-38
7-1 through 7-8 7-la through 7-8
Glossary-29 through Glossary-30
2. A bar (\) marks new or changed material.
3. File this transmittal sheet in front of the publication.

DISTRIBUTION RESTRICTION: Approved for public release; distribution is unlim-
ited.

By Order of the Secretary of the Army:
DENNIS J. REIMER
General, United States Army

Chief of Staff

Official:

DISTRIBUTION:

Active Army, USAR, and ARNG: To be distributed in accordance with DA Form 12-
11-E, requirements for FM 5-410, Military Soils Engineering (Qty rqr blk no. 3832).



C1, FM 5-410

Field Manual 5-410 *FM 5-410
Headquarters
Department of the Army

Washington, DC, 23 December 1992

Military Soils Engineering

Contents
Page

LIST OF FIGURES|. . .. ... e e e e e XVi
LIST OF TABLES | ... i e e XXVi
PREFEACE] . . . XXX
CHAPTER 1. ROCKS AND MINERALS ... ... . e 1-1
Section I. Minerals. . ... ... 1-1
Physical properties . . ....... .. 1-1
Hardness . . ... 1-1
Crystal fOrm. . ... 1-2
Cleavage. . . o o 1-2
FractUre . . . 1-3
Luster and color . ... ... 1-3
StrEaK. . . o 1-3
SPECITIC gravity . . ... 1-3
Common rock-forming minerals. .. ... .. . . 1-3
Quartz . ... 1-4
Feldspars . ... 1-4
M . .ttt 1-4
AMpPhiboles . .. . 1-4
P Y OXENES. .« . . 1-4
OlIVINE . . 1-4
Chlorite . ... 1-4
CalCite . .. . 1-5
Dolomite. . .. . 1-5
Limonite. . ..o 1-5
Clay minerals ... ... 1-5
Section I, ROCKS . . . ... 1-5
FOormation ProCESSES . ..o v v it 1-5
LONBOUS . . . . e e 1-6
SedimENTarY ... 1-6
MetamorPhiC . . .. 1-8

DISTRIBUTION RESTRICTION: Approved for public release; distribution is unlimited.

| *This manual supersedes FM 5-541, 27 May 1986, and TM 5-545, 8 July 1971.



C1, FM 5-410

Page
ClassifiCation . . . ... 1-9
LgNBOUS . . o 1-10
GraNIte . .. 1-12
Felsite . ... 1-12
Gabbroand diorite . ... ... 1-12
Basalt . ... 1-12
ObSIdIaN . ..o 1-13
PUMICE. . . 1-13
100 o - 1-13
SediMENTArY . ... e 1-13
Conglomerateand breccia............. ... .. . . . 1-14
SaANASTONE . . . e 1-15
Shale . .. 1-15
TUR 1-15
LimesStonNes . ... ..o 1-15
Dolomite . ... 1-15
1 5 1= o 1-15
MetamorphiC . ... 1-16
SlatE. i 1-16
SCNISE. . 1-16
GNBISS .« o 1-16
QUAKTZITE . . . . e 1-17
Marble. ... . 1-17
Identification .. ... .. . 1-17
Field identification . ....... ... ... . . . 1-17
General Categories. . . ...t 1-17
Foliated . . . ... . 1-18
Very fine-grained . . . ... ... 1-20
Coarse-grained . . . ... ... 1-21
Engineering properties. . .. ... 1-21
TOUGNNESS . . o 1-21
Hardness. . ... . 1-22
Durability . . ... 1-22
Crushed shape . . ... 1-22
Chemical stability . ........ .. .. 1-22
Surface character . .. ... ... e 1-22
DeENSItY ... 1-22

CHAPTER 2. STRUCTURAL GEOLOGY

Section I. Structural features in sedimentaryrocks. ............................ 2-1
Bedding planes. . ... 2-1
FOlaS. . . 2-3
Y PBS ot e 2-4
SYMIMIBEIY . . 2-4
Cleavage and sChistosity . . .. ... .. i e 2-6
Faults. . .. 2-6
RECOgNITION . .. e 2-7
Terminology. . ... 2-7
TS, . ot e 2-8
JOINES . . 2-8
FOrmation .. ... ... 2-9



C1, FM 5-410

Page
Significance . ... . . 2-9
Strike and dip. . . ..o 2-10
Section 11, GeologiCc MaPs . ...t 2-11
YRS o i e 2-11
Bedrock or aerial maps. . . ... o 2-13
Surficial maps . . ... 2-13
Special PUIPOSE MaAPS . . . vt e e 2-13
SYMDOIS. ..o 2-14
FOrmations. . . ... 2-14
CoNTaCES . . . . . 2-14
Faultlinesand fold axes. . . ... e e e 2-14
ATLITUTES . . . 2-14
Cr0OSS SECLIONS . . v o ittt et e e e 2-14
OULCrOP PatEEINS . .o 2-14
Horizontal strata. . . ... 2-19
INClined strata. . ... ... e e 2-22
DOMIES. . .o e 2-22
BaSiNS. . 2-22
Plunging folds . . . .. ... 2-22
FaUlts . . . 2-22
Normal and reverse . . ... 2-22
TRrUSt . . 2-23
INtruSIONS. . . . ... 2-23
Surficial deposits. . . ... 2-23
Section I1l. Engineering considerations. . . .......... i 2-23
Rock distribution . . ... .. . . e 2-23
Rock fragmentation . . ... ... 2-23
Rock slides and SIumMps . . . ... 2-24
WEaK FOCKS . . . 2-25
Fault zones . . .. ... 2-25
GroUNAWaATEr . . ... 2-25
Road cut alignment . . ... .. 2-26
QUAKTY TaCES . . . oot 2-26
Rock deformation. . . ... 2-26
Earthquakes (fault movements) . .. ... . 2-26
................................................................ 2-29
TUNNEIS . . . 2-29
Folded strata . . . ... e 2-29
Faulted strata . . ... . e 2-30
Groundwater problems. . ... ... . 2-30
Bridges . ... 2-30
Buildings. . ... 2-30
QUAKTY OPEFALIONS . . .. e 2-30
Section 1V. Applied military geology ............ ... .. . 2-31
Military geographic intelligence. . .......... ... .. ... . . . . . . . 2-32
Mapsand terrain models . . ... ... 2-32
REMOtE IMAgE Y ..ttt et 2-32
Terrain classification .. ... ... ... . . . . 2-32



C1, FM 5-410

Page
Geology in resolving military problems . .......... ... ... . .. . . . . . 2-32
M .« oot 2-32
Photographic interpretation . ............... . ... ... . . . . . . . 2-34
RECONNAISSANCE . . . . 2-34
ReMOtE IMAgEIY . .o e 2-34
Field data collection . . . ... ... . e 2-34
BOriNg . ..o 2-36
Exploration excavation . .......... ... . 2-36
Geophysical exploration . .......... .. . . . 2-36
Equipment for field data collection. . ......... ... ... . . . .. . . . . . .. 2-36
Geological SUNVEYING. . . .. .o 2-37
Pace-and-compass method ....... ... ... ... .. . . . . 2-37
Plane-table-and-alidade method. . . . ... .. ... . . . 2-37
Brunton-compass-and-aerial-photo method . .......... ... ... .. ... .. ... ... 2-37
Plane-table-, mosaic-, and-alidade method . ... ......... ... ... ... ... ........ 2-37
Photogeology method. . . .. ... . 2-37
CHAPTER 3. SURFICIAL GEOLOGY . ... e e e e e 3-1
Fluvial process . . ... o 3-1
Drainage patterns . ... ... 3-1
Rectangular . . ... 3-2
Parallel. . ... . 3-2
DeNdritiC .. 3-2
Trellis. .. 3-2
Radial. . ... 3-2
ANNUlar .. 3-2
Braided . ..... ... 3-2
DNty . oot 3-2
Stream evolULION . ... ... e 3-2
YoUth .. 3-2
MaTUNITY . . . 3-5
Old age. . . 3-5
Stream depPoSItS . . . . oo 3-6
Pointbars. . ... . 3-6
Channel bars . . ... .. 3-10
OXbOW laKes. . . .. 3-10
Natural [evVees . . ... .. 3-10
Backswamps/floodplains. . . ... 3-14
Alluvial terraces . ... ... 3-14
Deltas. . ... 3-14
Alluvial fans . .. ... e 3-17
Glacial PrOCESS . .\ 3-18
Types of glaciation . . ... .. e 3-18
Continental . ... ... .. . 3-18
AlDINE. . 3-18
Glacial deposits . ... . 3-18
Stratified . . ... . 3-18
unstratified . . .. ... ... 3-27
EOlIaN PrOCESS . . . v 3-28
Types of eolian erosion .. ... .. .. 3-30
Deflation . . ... ... .. e 3-30



C1, FM 5-410

Page
ADaSION. . . 3-30
Modes of transportation .............. ... . . . . . 3-30
Bed load . . ... .. 3-30
Suspended load . ... . 3-30
Bolian features. . .. ... 3-32
Lag deposits or desertpavement . . ... 3-32
SaNd AUNES . .o 3-33
L0ESS AEPOSITS . . .ttt 3-35
Sources of construction aggregate. . . ... ... 3-36
CHAPTER 4. SOIL FORMATION AND CHARACTERISTICS .................. 4-1
Section I. Soil formation. . . ... ... 4-1
Weathering . . ... e 4-1
Physical processes. . ... 4-1
Unloading . . ... 4-1
Frost aCtion. . . ... 4-1
Organism growth . . ... 4-2
Temperature Changes. . . ... ..o 4-2
Crystal growth . .. ... 4-2
ADrasion . ... . . 4-2
Chemical ProCesSES . . . . ot 4-2
OXIdAtION. . . 4-2
Hydration . ... ... 4-2
Hydrolysis . . ..o 4-2
Carbonation . ... . 4-2
SOIULION . . . 4-2
Discontinuitiesand weathering . . . ... . 4-2
Effectsof climate . ... . 4-3
Effectsonrelief features . . ... ... . . e 4-3
Soil formation methods . . . ... . . 4-3
Residual soil . ... . 4-3
Transported SOil . ... ... . 4-3
Soil profiles. . ... 4-4
Section I1. Soil CharacteristiCs ... ... e e 4-5
Physical properties . . ... ... 4-5
Grain or partiCle Size ... ... ... 4-6
Determination . ... ... ... .. 4-6
REPOITS . . 4-7
Gradation . ... ... 4-7
Effective Size. ... ... 4-7
Coefficientof uniformity . ........ ... . . 4-7
Coefficientof curvature . . ... ... 4-7
Well-graded soil . .......... ... . 4-7
Poorly graded soil. .. ... ... 4-10
Bearing capacity. .. ... 4-10
Particle shape .. ... i 4-10
BUIKY . .. 4-10
PlatY. .. 4-12
Needlelike . . ... e 4-12
STructure . .. ... 4-12



C1, FM 5-410

Page
SpeCific gravity . . ... 4-12
Volume ratios . .. ..o 4-12
Weightratios . ......... .. . 4-13
Relative density. . .. ..o 4-14
Soil-moisture conditions. . ... ... . 4-14
Adsorbed water. . . ... 4-15
Plasticity and cohesion. . . ... ... . . . . . 4-15
Clay minerals and base exchange. . .......... ... ... . . i ... 4-16
Capillary phenomena. . ... ... 4-16
ShIiNKAgE . ... 4-17
Swellingandslaking . .......... . i 4-17
Bulkingof sands. . ... ... .. e 4-17
Consistency (Atterberg) limits . ... .. ... . . e 4-17
TeSt PrOCEAUIES . . . o oottt e e e e e e 4-18
Liquid limit. . ... 4-18
Plastic limit. . . ... . 4-18
PlastiCity INAeX . . .. ..o 4-18
CHAPTER 5. SOIL CLASSIFICATION . ... e i 5-1
Section I. Unified Soil Classification System .. ........ ... ... ... ... 5-1
SOl CAtEgONIES . . .. 5-1
Course-grained SoilS . . . .. ... 5-2
Fine-grained Soils . . ... ... 5-4
Highly organic soils. . . ... ... 5-5
Laboratory teSting . . .. ..ot 5-5
Desirable soil properties for roadsand airfields . .. .............. ... ... . .... 5-5
StreNgtN . . .. 5-6
Coarse-grained Soils. . . ... ... 5-6
Fine-grained SoilS. . . ... ... 5-6
Frost action . ... ... e 5-13
COMPIESSION . . o ettt e e e e e e e e 5-13
DrainNage . .. 5-14
COMPACTION . . ..ot 5-14
Desirable soil properties for embankments and foundations. .................. 5-14
Soil graphics. . .. 5-17
Field identification. . . ... ... . . 5-17
ProcedUIeS . . . .o e 5-17
EqQUIPMENT. . 5-18
FaCtOrS . . . 5-18
TS . ot 5-19
Visual examinationtest. . . ... ... . .. 5-19
Breakingordry strengthtest . ......... ... ... . . . . . . 5-21
Roll or thread test. . . . . ... .. .. e 5-22
Ribbon test . . ... .. . . 5-23
Wetshaking test. . ............ .. . . 5-23
Odor St . . .. 5-24
Bite or grit test. . ... ... e 5-24
SlaKing test. . ... e 5-25
ACId TSt . .. 5-25
Shine teSt . . . .. 5-25
Feel test. . ... 5-25

vi



C1, FM 5-410

Page
Hasty field identification .. ........ ... ... . . . . 5-25
Optimum moisture content (OMC). . .. ... s 5-29
Section Il. Other soil classification systems .............. ... ... ... ... 5-29
Commonly used SYStEMS . . . .. .. 5-29
Revised Public Roads System. . . ... ... 5-29
BaSIS . .. 5-30
ProCedUIE . ..o 5-30
Agricultural Soil Classification System ............ ... ... ... ... ... .. 5-31
Textural classification . ........... .. 5-31
Pedological classification. ... ........ ... .. . ... . . . . 5-31
Geological soil classification. . .......... ... ... . . . . 5-32
Typical soil classification. . ............ ... . . . . e 5-32
Unified Soil Classification System. . .............. ... . . .. 5-33
Soil number 1 . ... 5-33
Soil number 2 . ... 5-33
Soil NUMbBEN 3 . . 5-33
Soil NUMbEr 4 . . . 5-33
Revised Public Roads Classification System. . ............ ... .. ... . ...... 5-35
Soil NUMbEr L ... 5-35
Soil NUMbBEK 2 . . 5-35
Soil NUMbBEEN 3 . . 5-35
Soil NUMbEr 4 . .. 5-36
Agricultural Soil Classification System . .......... .. ... .. . . ... 5-36
Soil NUMbEr L ... 5-36
Soil NUMbBEK 2 . . 5-36
Soil NUMbEr 3 . . 5-36
Soil NUMbEr 4 . .. 5-36
Comparison of classification Systems. . .. ... i 5-36
CHAPTER 6. CONCEPTS OF SOIL ENGINEERING. ............ ... .. ... .... 6-1
Section . Settlement. ... ... .. 6-1
FaCtOrS. ..o e 6-1
Compressibility . ... ... 6-1
Compressive load behavior. . . ... ... 6-1
Cohesionless sOils . ... ... 6-2
Consolidation . . ... . 6-2
Cohesive SOIlS . . ... 6-2
Consolidation testsS . . .. .. .. 6-2
Section Il. Shearing resistance. . . .. ... 6-3
IMPOITANCE . . . . .. 6-3
Laboratory teStS. . . . .o 6-3
CaliforniaBearing Ratio. . ........ ... . . . 6-3
Airfield Index (Al ..o 6-4
Airfield cone penetrometer. . . ... ... 6-4
DesCripltion . ... . 6-4
(O 011 = 1 o] o 6-4
MaintenanCe . . . ... ... 6-5
Soil-strength evaluation. .. ............. ... ... ... ... . . . . . . 6-5
Fine-grained soils. . . ... ... . 6-5

Vi



C1, FM 5-410

Page
Coarse-grained SoilS. . . ... . 6-6
Correlation between CBR and Al . ... . 6-6
Section 1. Bearing capacity . .........oiiiiin i e e 6-7
I PO aANCE . . . .o 6-7
FoUuNdations . .. ... 6-7
Shallow foundations . . ... ... 6-7
Deep foundations. . . ... . 6-8
PIlES . . 6-8
PIrS. 6-9
Section IV. Earth-retaining structures . .............. i 6-9
PUIDOSE .. o 6-9
L5712 6-9
Retainingwalls . .. ... . e 6-9
Backfills ... ... 6-11
DrainNage . . .o 6-11
Frost aCtion. . ... ..o 6-13
Timber crib . .. 6-13
Othertimberwalls. . ... . . . . 6-14
GabioNS . ... 6-14
Excavation bracing System .. ... .. 6-16
Shallow excavations . . ........ .t e e e 6-16
Narrow shallow excavations. . . .......... ... ... i, 6-16
Wide shallow excavations. . ... ... ... e 6-17
|CHAPTER 7. | MOVEMENT OF WATER THROUGH SOILS ................... 7-1a
SeCtioN 1. Water . . ... 7-1a
HydrologiC CyCle . . . ..o 7-la
SUMfAaCE Waler . . .. e 7-1b
STreaAMS . . . o 7-1b
LaKes .. e 7-1b
S AIMIPS . . 7-1b
SPriNgs @Nd SEEPS . . .ottt 7-1b
Gravity SPrings and SEEPS . . . . vt i e 7-1b
ArTESIAN SPIINGS . . o ottt e e 7-1c
GroUNAWaATEr . . ... 7-1c
Free, or gravitational, water . ........ ... ... . . .. . e 7-1d
HygroscopiCc MOISTUIe . . ... ... 7-1d
Capillary MoiSture . ... ... 7-1d
Locating groundwater SOUFCES . . . . . .o\ttt e e e e et e e e e s 7-2
Hydrogeologic indicators . . ... e 7-2
Geologic INICAtOrsS . . . . ... 7-2
Permeability. .. ... . . . 7-3
Drainage characteristics . . . ........... ... .. . . . . . . . 7-4
Well-drained soils . . ... ... 7-4
Poorly drained soils. . .. ... i 7-4
Impervious soils . ... . . . . 7-4
Filterdesign . ... 7-4
Porosity and permeabilityofrocks. . ........... ... ... ... . 7-6
POrOSItY .. 7-6

viii



C1, FM 5-410

Page
Permeability ... ... . . . 7-6
Water table. . ... 7-6
Perched water table .. ... ... . . . . 7-6
AQUITEN . L e 7-6
Saltwater INTrUSION. . ... .. e 7-7
Section 11, Frost action . ... ... .. 7-7
ProblemS . . . e 7-7
Freezing . ... ..o 7-7
ThaWINg . . .. 7-7
CONAItIONS. . . oo 7-10
N =T 7-12
Heaving . ... ..o 7-12
Loss of pavementstrength . . ... ... .. . . e 7-12
Rigid pavements (CONCrete) . . ... ..ottt e 7-13
Flexible bituminous pavements . .............. i 7-13
SIOPES . 7-13
Investigational Procedures . . ... ... ... 7-13
@0 1 o 7-14
Base composition reqUIremMeNntsS. . .. ... ..t 7-14
Pavement design . . ... ... 7-16
Control of surface deformation . .......... ... . .. i 7-16
Provision of adequate bearingcapacity .............. .. .. ... 7-17
CHAPTER 8. SOIL COMPACTION ... 8-1
Section I. Soil properties affected by compaction. . ............. ... .. ... . ... ... 8-1
Advantages of soil compaction .. .......... ... 8-1
Settlement . ... 8-1
Shearing resiStanCe . . ... ... 8-2
Movement of Water . .. ... ... . .. 8-2
Volume Change . . . ... 8-2
Section Il. Design considerations . . . ....... ...ttt 8-2
Moisture-density relationships. . . ... . 8-2
Compaction characteristics of various soils . .............. ... . ... ........ 8-3
Other factors that influencedensity . ........... .. ... . .. 8-4
Addition of water tosoil .. ... . . e 8-5
Handling wet soils. . . ... ... 8-6
Variation of compactive effort . ... .. . . 8-6
Compaction SpecCificationsS. . . . .. ...t e 8-6
CBR design proCedure . . ... ...t 8-7
Subgrade compaction . . ... ... 8-9
EXpansive Clays . . ... 8-11
Claysand organic soils. . . ... .o i 8-11
SIS . o 8-11
Base ComMPaCtion ... ... e 8-11
Maintenance of soil density . ... ... i 8-11
Section I11. Construction Procedures ... ......... it 8-12
General considerations . ............ . e 8-12
Selection of materials . .......... . . . . e 8-12
Dumping and spreading . . ... ...t 8-12



C1, FM 5-410

Page
Compaction of embankments . .......... ... ... . . . 8-15
Density determinations. . . ......... .. . . . . . 8-15
Field control of compaction . ........... ... ... ... .. . . . . . 8-16
Determination of moisture content . . ........... .. .. 8-16
Field examination .. ........ ... 8-16
Field drying. . ... ... 8-16
“Speedy” moisturecontenttest. . ..... ... ... ... . ... 8-17
Nuclear densimeter . ... ... 8-17
Determination of watertobeadded ........... ... .. ... .. . L. 8-17
Compaction eqUIPMENT . . . ... e e 8-17
Pneumatic-tired roller .. ... .. .. . . 8-18
Pneumatic roller . .. ... 8-18
Self-propelled, pneumatic-tired roller . . .. ........ ... ... ... ... ... ... .. ... 8-18
Sheepsfoot roller .. ... . 8-19
Tamping-foot roller. . .. ... . 8-20
Steel-wheeled roller . ... . . . . e 8-20
Self-propelled, smooth-drum vibratory roller. .. .......................... 8-20
Other eqUIPMIENT . . . ..o 8-20
Compactor SEIECHION. . . ... 8-20
Availability . ... ... 8-21
EffICIENCY . . o 8-21
Section IV. Quality control . .. ... ... . 8-21
PUIPOSE . . . o 8-21
Quality-control plan. . .. ... 8-22
L0t SIZE. . .t e e 8-22
Random sampling . . ... 8-22
TesttolerancCe .. ... e e 8-22
Penalty System . ... .. 8-23
Theater-of-operations quality control. . .. ........ ... .. ... .. . ... ... . . . ..., 8-23
Corrective aClions . ... ... 8-23
OVErCOMPACTION. . . . ottt e e e e e e e e e e 8-23
UNdercompaction . . ... ...t 8-23
TO0 WeL. . . e 8-24
T 00 ANy .o 8-24
CHAPTER 9. SOIL STABILIZATION FOR ROADS AND AIRFIELDS ........... 9-1
Section I. Methods of stabilization .......... ... ... ... . ... .. . . .. 9-1
Basic considerations . .. ..... ... .. 9-1
Mechanical stabilization . . . ......... . ... . . . 9-2
U SBS, ottt 9-3
O eCtiVE . .. 9-3
Limitations . . ... ... 9-3
Soil base requUIremMEeNtS . . ... . 9-4
Soil surface reqUIremMEeNtS. . . ... e 9-4
PropOrtioNiNg. . ..o 9-4
Use of local materials. .. ... ... e 9-4
Blending . ... 9-5
Numerical proportioning . ........... e 9-5
Specified gradation. . . ... ... 9-5
Graphical proportioning . ......... i 9-5



C1, FM 5-410

Page
Arithmetical proportioning . ........... ... 9-6
Plasticity requirements . .. ... .. 9-8
Field proportioning. . . ... . 9-8
Waterproofing . .. ... 9-8
SOUrCeS Of Water . ... 9-9
Objectives of waterproofers. . ... i 9-9
Chemical admixture stabilization .......... ... .. .. . . . . i 9-10
MmNt . . 9-10
Modification .. ... ... 9-11
Stabilization . . ... 9-14
LimMe L 9-18
Modification . . ... ... 9-19
Stabilization . . ... . 9-19
Other additives. . . ... .. . 9-21
Fly-ash . . .o 9-21
Class C .o 9-21
ClassS F. . 9-21
Lime-fly ash mixtures . ... 9-21
Lime-cement-fly ash (LCF) mixtures . .. ........ .. ... 9-22
Bituminous materials. . . ... ... . . 9-22
Soil gradation . . ... .. 9-22
Typesof bitumen ... ... 9-22
MiIX AESIgN. . . oo 9-23
Section I1. DeSigN CONCEPLS . . . . . vttt e 9-26
Structural Categories . . . ... . 9-26
Stabilized pavement design procedure. . . ... 9-28
Thickness design procedures. . . .. ...t 9-29
ROAAS . . oo 9- 30
Single-layer . .. 9-30
MuUltilayer . ... 9-32
ANrFields ... 9-36
Single-layer . ... 9-36
MuUltilayer . ... 9-42
Examples of design . ... ... 9-45
Example L .. 9-45
Example 2 .. 9-46
ExXample 3 . . 9-47
EXample 4 ... 9-47
EXample 5 ... 9-48
EXampPle B .. 9-48
Theater-of-operations airfield considerations .. ............................. 9-48
Functions of soil stabilization .......... ... . ... ... . . . . ... .. . .. ... 9-48
Design requirements for strength improvement . ......................... 9-51
Section IIl. Dustcontrol .. ... . ... . e 9-54
Effects of dUSE. . . . . .. 9-54
Dust formation. . . ... ... 9-54
Dust palliatives . ........... e 9-55
Intensity of area use . . ... .. . 9-55
Nontraffic areas . . ... 9-55

Xi



C1, FM 5-410

Page
Occasional-trafficareas. . . ... e 9-55
Traffic areas . ... ... 9-56
TOPOgraPNY . .o 9-56
Soil type . ... 9-56
Soil surface features . . ... 9-56
Loose and dry or slightly dampsoil ........... ... ... ... ... .. ...... ... 9-56
Loose and wetorscurry soil ....... ... .. .. . . . e 9-56
Firmand dry or slightly dampsoil . ............. ... . ... ... ... ........ 9-56
Firmandwet soil . ....... .. 9-56
Climate. . .. 9-56
Dust-control methods. . . . ... .. 9-57
AGIONOMIC . . o e e e 9-57
GBS . . o v 9-57
Shelter belts . ... 9-57
Rough tillage. . .. ... .. 9-57
Surface penetrant . . ... ... 9-57
BitUMENS. . . . 9-58
RESINS ... 9-59
SaAltS. 9-59
Water. . 9-60
AdMIX. . 9-60
In-place admixXing. . . .. ..o 9-60
Off-site admMiXiNg . . . ..ot e 9-61
Surface blanket . . ... . . 9-61
Minerals (aggregates) . . ...t e 9-62
Prefabricated membrane. . ... ... ... . . . 9-62
Prefabricated mesh . ... .. . . . . 9-62
Bituminous liquid. . .. ... ... 9-62
Polyvinyl acetate (DCA 1295) (without reinforcement) ................. 9-62
Polyvinyl acetate (DCA 1295) (with reinforcement) ..................... 9-63
Polypropylene-asphalt membrane . ......... ... .. ... ... ... ... . ... ... 9-63
Selection of dust palliatives . ........... . .. 9-63
ApPPlICatIoN rates . . . . .. 9-70
Placement ... ... ... 9-70
Dilution . . ... 9-70
Prewetting . . ... .o 9-71
CUNING . 9-71
Dust control on roads and cantonmentareas ............. .. ..., 9-71
Dust control for heliports ............. ... ... . . . . . . 9-71
Control of sand. . ... ... . 9-71
FENCING. . e 9-71
Paneling. ... .. 9-75
Bituminous materials. . .. ... ... 9-76
Vegetative treatment .. ... ... .. 9-76
Mechanical removal . ... ... ... . . e 9-76
Trenching. . ... 9-77
AT . 9-77
Blanket CoVerS. . ... e 9-77
Salt SOIULIONS. . . . .. 9-77
Section V. Construction procedures . . ...ttt i e e 9-77

Xii



C1, FM 5-410

Page
Mechanical soil stabilization. ... .......... ... . . . e 9-77
On-site blending . ......... .. 9-77
Preparation. . ... . 9-77
Addition of imported soil materials ................ ... ... ... .. ... .... 9-78
MIXING . . 9-78
COMPACTION . . . o e 9-78
Off-site blending . . ... ... 9-78
Preparation. . ........ . e 9-78
Addition of blended soil materials ............ ... .. ... .. .. . . . ... 9-78
Lime stabilization . . ... . 9-78
Preparation. . ........ .. 9-78
SPreading . ..ot 9-78
Preliminary mixing, wateringandcuring .................. ..o u..... 9-78
Final mixing and pulverization. .. .......... .. .. i 9-79
COMPACTION . . . oo e 9-79
Final curing . ... 9-79
Cement stabilization. . ......... ... . . . . 9-79
Preparation. . . ... 9-79
SPreading . . ...t 9-79
MIXING .« o e 9-79
COMPACTION . . . oo 9-79
CUNING . ot 9-79
Fly-ash stabilization. . .......... ... . . . 9-79
Preparation. . . ... 9-79
SPreading . .. ..ot 9-79
MIXING .« o e 9-80
COMPACTION . . . oot e 9-80
CUNING oo 9-80
Bituminous stabilization .............. ... . ... 9-80
Traveling plant mixer .. ... 9-80
ROtary MIXEr. . . 9-80
Blade MiXing. . .. ... 9-80
Central plant construction methods .. .......... . ... .. .. i, 9-81
SHONING. . .o 9-81
MIXING . o 9-81
Hauling . . ... 9-81
PlaCing. . . ..o 9-81
COMIPACTING . . . 9-81
CUNING .« . e e e e e e e e e 9-81
Surface waterproofing. . ... . 9-81
Preparation. . ... . . 9-81
MiXING . .o 9-81
COMIPACTION . . . 9-81
Membrane placement. . . ... . . . e 9-81
CHAPTER 10. SLOPE STABILIZATION . . ... e 10-1
Geologic features . .. ... 10-1
Faults. ... 10-1
Bedding plane slope . . ... o e 10-2
Soil mechanics . . ... 10-2
Slopegradient . ... . . 10-2

Xiii



C1, FM 5-410

Page
Normal force . . . ... e 10-3
Downslope force . ... 10-3
Shear strength .. ... ... 10-3
Groundwater . . . ... 10-7
Upliftforce. . . ... 10-7
Seepage force. . ... .. 10-8
Slope failure . . ... 10-8
Rockfalls and rockslides . .. ... 10-8
Debris avalanches and debrisflows. .. ........ .. ... .. ... . i i 10-10
Slumps and earthflows. . .......... .. .. . . . 10-11
Surface drainage . . ... ... e 10-12
Groundwater level. . . ... . . . 10-12
Rock riprap or bUttresses . . ...ttt e 10-13
Interceptor drain. .. ... 10-14
Fills . . 10-14
SOIl CrEED . o 10-14
Stable slope construction in bedded sediments. . ........................... 10-16
Sandstone - TYpPe | ... 10-16
Unstable-slope indicators .............. . . i 10-18
Road-location teChniques. . . .. .. ... e 10-18
Construction techniques . . ... 10-18
Sandstone - Type L. ... oo 10-20
Unstable-slope indicators . .............. . i 10-20
Road-location teChniques. . . ... .. 10-21
Construction techniques .. ... 10-21
Deeply weathered siltstone . ... ... .. . 10-21
Unstable-slope indicators . ............ .. 10-21
Road-location techniques. . . ... 10-22
Construction techniques . . ... 10-22
Sandstone adjoining ridges of igneous rock ............. ... . . .. ... 10-22
Unstable-slope indicators .. ............ . 10-22
Road-location techniques. . . ... e 10-22
Construction techniques .. ... 10-22
CHAPTER 11. GEOTEXTILES. ... .. i 11-1
APPLICATIONS . . .o 111
Reinforcement . . ... .. ... e 111
SePArAtiON . . .o 11-2
BYPaSS . . . 11-2
Remove and replace . . . ... .. 11-2
Buildondirectly. .. ... ... 11-2
Stabilize .. ... . 11-2
DraINAgE . i 11-2
Filtration ... ... . 11-2
Unpaved aggregate road design . . .. .......... ... . . . . . 11-3
Site reCONNAISSANCE. . . . . .ottt 11-3
Subgrade soil typeand strength ................ ... ... ... ... ... .. ... 11-3
Subgrade soil permissableload . ............ ... ... ... ... .. L 11-3
Wheel loads, contact pressure, and contactarea .......................... 11-3
Aggregate base thiCkNess . . . .. ... . i 11-4
Aggregate quality. ............ . . . 11-5

Xiv



C1, FM 5-410

Page
Service life. . ..o 11-5
Selectingageotextile. . ... ... . 11-5
Roadway CONSTrUCTION. . . . ... et 11-8
Preparethe site .......... . i 11-8
Laythefabric ... ... ... . . . 11-8
Lay the base . ... 11-8
Earth retainingwalls . . ... ... ... . . . . . . 11-9
Construction on sand . ....... ... e 11-9
Procedures. . ... e 11-12
MaiNteNaNCE . . . ... 11-12
CHAPTER 12. SPECIAL SOIL PROBLEMS. . .. ... . 12-1
Aggregate behavior .. ........ .. . . . . e 12-1
Soil-aggregate MIXEUIES . ... ... i e e 12-1
Lateritesand lateriticsoils. . ... .. . e 12-1
Laterites. . . .o e e e 12-2
Lateritic sOils. . ... . 12-2
LOoCatioN . ... 12-2
Profiles . . oo 12-2
Engineering classification .............. . .. . 12-2
Compacted soil characteristics. .. ... . . i 12-2
Pavement ConStrUuCtioN . . ... 12-3
SUDgrade . . . 12-3
Base COUNSE . . . o 12-3
SuUbbase. ... 12-3
SUITACING . . . o 12-4
Stabilization . ... ... 12-4
SIOPES . . o 12-5
Coral. ... 12-5
Y PES oo 12-5
Pit-runcoral . ... 12-5
Coral rOCK . .. e 12-5
Coral sand. . ... . 12-5
SOUNCES . . ottt e e 12-5
USBS. . ot e e e e e 12-6
Fills, subgrades, and base courses . ....... ... ... . ... . . i, 12-6
SUIMTACING . . o ot 12-6
Concrete aggregate. . . ... .. e 12-6
COoNSEFUCEION . .. 12-6
Desertsoils. ... 12-6
Arcticand subarctic Soils. . ... ... 12-7
Surface thawingindex ........... ... ... . . . . . . . . 12-7
Ecological impact of construction. . . ........ ... . 12-13
APPENDIX A. CBR DESIGN METHODOLOGY .. ... A-1
APPENDIX B. AVAILABILITYOF FLY ASH . ... ... . e B-1
APPENDIX C. HAZARDS OF CHEMICAL STABILIZERS .................... C-1
........................................................ Glossary-1
REFERENCES . ... e i i References-1
IN D EX . . Index-1

XV



	List of Changes
	Cover Letter
	Table of Contents
	List of Figures
	List of Tables
	Preface
	Chapter 2 Changes
	Chapter 7 Changes
	Glossary

