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PREFACE

I t i c  investigation reported herein wio sponsored by the i t e u d —

quarters , O f f i c e , G hj e t  u t  En1~iueeru , U. S. Army , nt1 ;u.~~rt1~~..n , . .  C.
The study vu:; conducted by personnel of the Soils m d  Pavements

Laboratory , U. U. Army Engineer Waterways Experiment Station (WES ) under

the general supervision of Mc;:.ir;;. J. P. Sale and B. 0. Ahivin , Chief
and Assistant Chief, respectively. Personnel actively engaged in the

planning and conducting of the investigation were Messrs. R. L.

Hutchinson, A. H. Joseph, C. D. Burns, and R. W. Grau. This r e t o r t

was prepared by Mr. Burns.

Directors of ~}~U during the conduct of thiu investigation tm n l  t he

preparation of this report were COL 0. H. Hilt, CE, and COL .~~~. L. cunn :.,

CE. Technical Director was Mr. F. B. Brown.
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CONVERSION t itC’! h~ , U. U .  CUSTOMARY TO ~-~i~~: (sI )
UN ITS OP MEASUREMENT

U. .. customary units of’ measurements used in tuir report can Le con-
ver t ed  to metric (SI) units uu follows :

Multiply By To Obtain

inches .~~ ,. mifl. imetres
feet u . 3Oht metres

miles l.’j~~~o. kilometres
square inches ~ . 1I5l6 square c e n t i n e t r - e-:

miles (U. S. statute) i.u~~~~i~it kilometrea per he .~r
per hour

pounds (mass) 0.1453592 14 kilograms

kips (1000 lb, mass) 1453.59214 kilograms

tons (2000 U, mass) 0 .18147 k u  ran:

pounds (mass) per U.76799 x 1O
14 

kilograms per cubic
cubic inch m etr e

pounds (force) per 6.8914757 kilopascals
square inch
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-~ h. ~OR U }’GF(AD1NI~ UETERIORATEI) THEATER t)F

OPERATIONS (TO) PAVEMENT FACILITI Ft

PAWI I: IN’iRODUCTION

Background

1. In any military operation, the  ~rubler. of providing adequate

roads, airfields, and heliports to support a military mission is a major

task and is costly in terms of money, time, manpower, con;;tru~ti ’ rA

equipment, and natural resources. C r i t e r ia  for the  l a n n i n ~ a:J design

of roads , ai rbases , and heliports in the theater of operations (TO) are

given in detail in Department of the Army Technical Manual TM
Construction methods are ~-iven in T~ 5_337•

2 In the planning stage uf

a military operation , f i r;t  cons i deration ;;houid be given ~. makin,~
maximum use of’ existing roads, airfields, t:-.~ heli:crt ,:. Some of

existing facilities may be adequate to ;;uJ~~-~rt the planned missions,

and others may require improvements or up7:radinc .

Purpose

2. The purpose of this study was to develop expedient p’~~ocdur;:

for assessing the structural and functional adequacy of existing pave-

ment systems based upon visual examination and/or simplified tert pro-

cedures and to provide guidance for upgrading inadequate or deteriorated

facilities to meet the operational requirements.

Scope

3. The objectives of this study were accomplished by a literature

review of applicable data pertaining to pavement performance, evaluation

pro medures , and special test sections that were designed , constructed ,

and traffic tested to validate various construction techniques and

14
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p rocedure:  ~~r upgrading deteriorated pavement :‘. c • ‘ .; •

provides information and guidance for e XI e dj e ! . t  means of - - . .. - ~~ of

exist iu~ : - t v e r ; e r ; t S  in the TO tnt alternate procedur es and techn j.~’- rOr
upgrading th.~t e r i u rated or in -t ie tu at e  pavement :aciLiti es t meet mi53~ .

requirements.
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PART II : ~ t:: ~~~~~~~~~~~ FOR THEATER OF OPERATIONS
( TO) t-AvF ~ E:;:.;

Roads

General
14. Deta ils ot~ road design t~~r th- T~ are T re:~ente:I In P e t —

-rezLc : 1 (Crrm t~t .r 10). The tuality of military :~~ad: vm r es ccncider—

ably h- t:e I upon many t : t ct o r : .  It~ a ~~::.~ at  - , military ‘e~c~. almo:t

always lictate: u .~ of’ existing roads tn 1/ r ~u t., hart ily I)r~ ; ar•~~
ra id: designed primarily t meet  pressin~ need. : . )fl ‘.:. - e  t~ ;er m~anc ,

in rear areas , e:peci:tlly in t . v i c i n i ty  of major a i r f i e l - I r , ports , and
cupt-ly installations, an improved net ot’ well—surfaced , fairly i.~~’:~-

type roads may be required. In all mlLt~ r road it.:ign , consideration

must be given to u;;e 01 st a~;e construction for progressive r : : : . ; of

the road to satisfy increased traffic deman i:; .

Geometric requirements

5. Table 1 sum marizes the milit ary rpecificati :nr. These spec i-

f ica t ions will , under most conditions , provide a combat ;- i - a 1 , which will

meet milit ary requi rements and some me t. ;ur of i r iv in ~ r a f ety . The

criteria relatirt~- to width.; , curves , t ’rade;;, and zirnilar  features are

based upon maintaining a t r a f f i c  volume of 2000 vehicle: per may at a

speed of 25—35 mph .*

Surfacing requirements
6. Most TO roads will be un surfaced :r  surfaced with aand , f -ravel .

crushed rock , or whateve r is locally available . Under very ur~ ent con-

dit ions , expedient surfacing methods are u:;el to get the triffi: over

sof t soils . Some existing roads may be :urfa:c~I with bitun ir;ou: mate-

rials or portland cement concrete. The type of ;urface required will

depend on the type and volume of traffic and t h- ~: ir ~:tte i  t i me  for

mission accomplishment .

* A table of factors for converting U. S. customary r. it: of :e~ :ur - -

ment to metric (SI) units is presented on page 3.
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itructural r:

(. ~t- .;t paied road;; in  the TO will eon:;ist of a base ~r~U : -n Loi:’~

c urce -tn -i s~imne ty ~~e of bi tun i r~ou: J Ur f u e C.  The t tul thic#~ ess of the
base and u’zt ment dCperLdS up ,r i the :trer~~th of th e  :uL~rade , the de~ i~’n

load , an- i  the do: i,~r t ;ervice life of’ the  ~-aver:ent . Thi~ kness ie~
cr i ter ia  are based on equ!valent li ,jj~-lb, 5:::- .- -4~~~~ - , ~ua 1—wheel load
oper a ti o n: , a: indicated in F l F~ure 1. J!;~ - let~ procedure:; for -t rnir~—

ing the e iu i ’.’- tlent 18,000— U , sing le—ax le , :~~1.—wheel load operat i .c~:

are o U t l i m L I in Peferer iee 1 ( ‘ t - t~ ter i u ) .  Also gi/4 n in Reference 1. are

crit er ia for comi:t:tion r.-mu ~ rt c;t nta , :me i~~ ’to~n of de:i~ r~ California

Beari !v Ratio ( CBR) for relect materials, am. i suLLase and b’t~e courses.

Pavement mix design c r i ter i a  -t : .  I cen.;truct - : .  ~!~()C~:~1Ure are aisc u ;; r ’ - -:

in Reference 2.

A i r f i e l  1; and he 

cner tl c ,ncert:

8. ~or p1annin~ purposes , military areas within  a TO are shown

graphically in Figure 2 for fixed—wing aircraft and ~n i rur 3 for

rotary—wing aircra~’t. The areas i n ~ luded are as fallow:;:

a. i-attic area. Sector of the battlefront normally u.m• - r
militar y control of a brigade.

b. Forward area. Sector of the TO i;ameiiateiy behind the
battle area and normally under military control of a
brigade or division .

c. Support area. Sector of the TO i c-hi:. i the forward a r t
and normally wi thi n the  Army Corpu service areas under
milit ary control of the FiChtcr Air Security Co~ namo.

d. Rear area. Sector of the TO be him ;l tue  -- art  area ani
normally within the Army service area or the zone of
communications.

Controlling
aircraft classification

9. Fixed—wing a i rcraf t .  Fixed—wing a irc raft  ~~ c laa ;;if iel  in

six categories (Reference 1, Chapter 11), which cr ° cace all fixei—w tnr

aircraft in the current military inver:t -r~.. A c )ntr Llinr aircraft , or

combination of controlling aircraf t , has been lecicuated for each

7
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c;tte~ ory to ertablish the limit iri~-~ goo:i e t  n c  tn I ~~ J I i 1 C ( ;  ;;trero~th re—

dU i c e me n t ; . The c:ttegor icr and ;nm:oc i at  - c~ r i . ce U I n , ai cc r u  f t  are a:

follows:

a. Liaison (0—1).

b. Surveillance ( O V — l ) .

(2 . ii~i~ rit—i ift (c—iA).

d. Medium—lift (C—130).

c. Tactical (F— 14C and F—l05).

f. Heavy—lift (C—1214, C—133, C—135, C—1141, and ~‘— - ,A) .

10. i3otary—wi ng aircraft .  Four helicopters d e rim u t e-~ as e a r —

trolling helicopters (Reference 1, Chapter ii ) t o establish the limitin1 ~
geometric and surface strength requirements for heliports are listed
below:

a. Observation (l i ght ) helicopter ( OH —6 H ) .

b. Ut i l i ty  helicopter (uH—lD) .
c. Cargo (medium transport ) helicopter (c} i~ .I).
d. Cargo ( heavy—lift ) helicopter ( CH— 5 14 ) .

Airfield—heliport types

11. The airfield—heliport classification system1 include s all
known air missions b r  fixed—wing aircraft  in the TO and selected heli-
copters with the appropriate military area. The airfield types are

derived by combining the controlling aircraft classification with the

appropriate military area.

Geometric requirements

12. Geometric requirements and typical layouts for various tym e

TO airfields are presented in Reference 1 ( Chapter 12) . These require—

ments are based upon the characteristics of the controlling aircraft .

Heliport criteria and layout are also given in Reference 1 (~‘i~~ ter

Surface requirements

13. Surface requirements and structural design criteria for the

various type TO airfields are discussed in Reference 1 (Chapter 13).

The smoothness requirements depend upon the type of aircraft and fre-

quency of operations as well as the type of surfacing , if any . Criteria

are given for the following four categories of airfield:

11



a. Unsur i :ic~- l : ti  r t i  old: ro lui ri r~~ a minimum preparat ~~
-

b. Membrane—rur l aced air li old : re iui r 1 
~C fine gr a Ii lv.

C. M;it—rut’facej t i c  f l  old: re lu i r lnf ii no ~r - ~ ; l i i .

d. Flexible p:tvem~ r t t :  t ua t  are des i nc-i 1ev u I - h— ; - : formance
jet  a i r c r a f t  and ro luir~- :;:~~~th . ;ur t a c o . :  - a u ~ mare
than 1/8—in. deviation from ;t 12— ft  :t r ti l te i , - .

Rigid pavements are not normally con:truc ted in the TO. 1l ,wever , i f

existing rigid pavements are available, the surf ace :rioothne;: re-p ilr~-

ments would be the same as for flexible pavements.

Structural requirements

114. Factors affecting the structural requirement: for runways,

taxiways, aprons , etc., for airfields and heliports are aircraft l a I i n~

characteristics and design service l i fe . The load—carrying capacity

is dependent upon the strength of the subgrade and the thicknes;; and

qual ity of subbase , base , and pavement above the subgrade. I ) e ri~m. au- i

evaluation curves for unsurfaced , mat—surfaced , and f lex ible I i T ~~~ert

facilities for various classifications of existing aircraft and heli-

copters are presented in Reference 1 (Appendix D). Figure 14 shows a

typical curve representing subgrade strength requirements for a C-l30

aircraft operating on unsurfaced or membrane—surfaced and surfaced wit h

light— or heavy—duty landing mats. The strength is obtained from air-

field penetrometer readings and expressed as the airfield index (1~ef—

erence 1, Chapter 13). From the criteria shown in Figure 14, the soil

strength (airfield index) required to support the C—l30 aircraft is im-

dicated for 10 to 5000 traffic cycles. As can be noted , the strera-ti;

requirements increase as the number of traffic cycles increase. Also ,

higher strength is required for unsurfaced or membrane—surfaced soil

than for the mat—surfaced soil.

15. A flexible pavement structure normally will consist of the

subgrade , a subbase , a base course , and a bituminous concrete :ucf:ice

layer . Figures D—29 through D—143 (Reference 1, Appendix D) show the

flexible pavement evaluation curves for all current military aircraft .

These curves were developed for types A , B, and C traf fic areas and for

three categories of t r a f f i c , emergency , minimum , and full. These terms

12 
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arc defi n e d  in Rd r dr i c e  1 ( h q t~.-:  13) . :ur : 5 :ft w ;:  ty p i cal flexi-

ble tv c:;cnt evalu:tt i ) r i - 2urv ;; I~ur  tricycle—type lanIlri ~ 1~2ar , twin—

t : t rj j c t : ;  art-i tw in—tw irl ursemUl 1cr , and full oporat I oii~ l category.
16. TM 5—826—3~ and TM 5—8 27 —3

k 
present evaluation cur l :-: for

ni Ci ;l pavements .
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PART III: i- X1 RDIENT METHPii~ OF EVALUATI: 1-; EXI STIr -I ( 1 Avi- !4E~TS

Pavement Conditi ri 1urve .-

11. Condition surveys of existiri~’ roads, airfields, a n d  he1i~ ert;.

are necessary to determine the adequacy o1 an exist irv facility to meet

mission requirements. The geometry of the facility , surface eariditi-ju .: ,

and structural or load—carrying capability must be evaluated in relation

to the operational requirements for a specific mission. This evaluation

can be accomplished by the following means.

Geometric survey
18. The geometry of various facilities may be obtained from

intelligence data or from maps arid drawinp -s , if available. In some

cases, ground reconnaissance may be necessary to adequately verify the

existing geometry .

Surface cond it ion s

19. The surface requirements vary considerably with the type of

surface and mission requirement. As previously stated , the surface of

a road, airfield, or heliport facility may be unsurfaced, membrane—
surfaced , mat-surfaced , or consist of a flexible pavement or a rigid
pavement . The surface condition for each type facility can be evaluated

by visual observations and simple measurements. Observations and mea-

surements needed for evaluating the suitability of each type surfacing

is summ arized as follows :

20. Unsurfaced. Determine and log the following information :

a. Soil type (Unified Soil Classification System (USCS )
classification).

1. Vegetation (type, density , height , etc.).

c. Roughness (potholes , depress ions , rut s , obstructions ,
etc.——locat~ on , size, and depth).

d. Drainage (good, fair , or poor).

e. Prior usage (type aircraft or vehicle).

21. Membrane—surfaced. Determine and log the following informa—

t ion :

16 
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a. Soil type (USCS classification).

b. Roughness (depressions, ruts , etc.——size arid deptu).

c. Conditions of membrane (holes, tears, open j o i nt ; : , etc.).

d. Drainage (good, fa i r , or poor).

e. Prior usage (type aircraft or vehicle).

22. Mat-surfaced. Determine and log the following information :

a. Soil type (USCS classification).

b. Roughness (depressions, ruts , etc.——location , size, and
depth).

c. Type of mat ( l ight , medium , or heavy—duty) .
d. Condition of mat (mat breakage, deformed panels, and b r :

of subgrade support due to pumping action, etc.).

e. Skid resistance (condition of antiskid surface).

f. Drainage (good, fair, or poor).

~~~. Prior usage (type aircraft or vehicle).

23. Bituminous surfacing. Determine and log the following infor-

mation :
a. Type of bituminous surface (bituminous surface treatment ,

asphalt concrete , tar concrete , rubberized—tar concrete,
etc.).

b. Roughness (depressions, rut s , potholes , craters , etc.——location , size , depth, and maximum deviation from 12—ft
straightedge).

c. Soundness (good condition——no excessive cracking , breaking
up, or raveling; poor condition—-badly cracked , raveling
with loose aggregate on surface).

d. Skid resistance (good or poor).

e. Drainage (good, fair, or poor).

f. Prior usage (type aircraft or vehicle).

214. Portland cement concrete. Determine and log the following

information:

a. Condition of joints and sealants (joint openings, spal—
ling , faulting , etc.).

1. Roughness (craters, broken slabs , faults , and spalls--
size , depth , and maximum deviation from 12—ft rtrai~ Iit—
edge).

c. Soundness (good condition—-relatively smooth with no
excessive cracks, spalling , or loose material on surface;

lT
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poor condi t ion——badly  cracked , ope rA joints and/or pumping
mud through joints and openings).

d. Skid resirtance (good or poor).

Drainage (good , fair, or poor).

Prior usage (type aircraft or vehicle).

Structural evaluation

25. The load—carrying capability of a soil or pavement structure

is dependent upon the subgrade strength and the thickn ess and quality

of the structural layers above the subgrade . Information needed for

evaluating the load-carrying capacity of existing TO pavement facilities

varies with the type of structure as is -discussed in the followinC
paragraphs .

Types of Pavement Structures

Unsurfaced ,
membrane—, or mat—surfaced

26. Soil strength measurements for evaluating the load—carryi:u~
capability of unsurfaced soils or soils surfaced with membranes or land-

ing mats may be obtained with an airfield penetrometer. The strength

values are expressed in terms of airfield index . A complete description

of the airf ield penetrometer and its use in determining the airfield

index is given in Reference 1 (Chapter 2). After the airfield index

has been established , the load—carrying capability of the soil can be
determined for each kind of forward, support , or rear area airf ie ld
through use of the subgrade strength requirement curves included in

Reference 1 (Appendix D). These curves are based on correlations of

aircraft performance and. airfield indexes. As noted , the strength re-

quirements for unsurfaced and membrane—surfaced soils are the sane.

The primary purpose of the membrane is for waterproofing and dustproof—

ing , which result in an all-weather surface; whereas, for the unsurfaced

condition , the soil strength may change rapidly with changing weather

conditions , and. in many cases usage will be limited to dry—weather

operations. The strength requirements for the mat—surfaced soils for

a given loading are less than for the unsurfaced or membrane—surfaced

18 
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soils and vary depending upon the type of mat (lL iit— or medium-duty).

Therefore , in evaluating the load—carrying capacity of a mat—rurfaced

soil , it is necessary to identify the type mat to use with the evalua—
tion curves.

27. An expedient method of evaluating the adequacy of unsurfaced

forward area airfields to support specific aircraft traffic has been

developed by relating one—pass rut depth of ground vehicles to the

requirements for operation of military aircraft. A direct evaluation

can be made by applying one pass of a spec ific vehicle to an area, mea-

suring the resulting rut depth made by the unpowered front wheels of the

vehicle , then entering Table 2 with the measured rut depth and noting
the allowable operation of a specific aircraft. The vehicle used for

this evaluation should be operated with tire size as recommended by the

Ordnance Command and at weights and tire pressures listed in Table 2.

In order to measure the rut depth made by the unpowered front wheels,

the vehicle should be stopped without braking , and measurement made

between the front and rear wheels.

28. This method of evaluation was developed for cohesive soils

only . However , for any corresponding rut depth in a cohesionless soil

(sand), the load—carrying capacity would be better than indicated by

Table 2.

29. The soil strength evaluation method is meant to give a rapid

indication of the ability of a given aircraft to operat e on an unsur—

faced soil area and not as a substitute for existing methods. Existing

standard methods of strength determinations should be employed when

equipment and trained personnel are available.

Bituminous pavement

30. Detail procedures for evaluating the load—carrying capac ity

of flexible pavements are outlined in Reference 1 (Section III, Chap—

ter 13). For this evaluation , the information needed involves strength

in terms of CBR of the subgrade , CBS and thickness of subbase and base

course layers , and total thickness of all structural lay~ r~ above the

subgrade , as well as the quality of the bituminous surface course. The

exploration and test ing required are time—consuming and , in many case s,

19
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necess it a te  closing the facility to trai l ic while excavating test pits

and conducting the essential sampling and testing operation:. Therefore,

detailed evaluations are limited , and expedient means of evaluation sita

good engineering jud~ nent have to be U ; ; L - i .

31. For those existing pavements that m eet the minimum geometr ic

and surface requirements that it is known have recently :u;;tuiric-d loal—

ing equal to or greater than will be required for a given TO mirsion ,

no subsurface investigation will be required. However , if no data on

the old pavement and no traffic history of previous usage are available ,

then the best evaluation possible , depending upon the combat situation ,

should be made.

32. A small aperture testing device has recently been developed

for expedient evaluation of pavement structures. The equipment con-

sisted of a small trailer—mounted drill rig (Figure 6) capable of cutting

6—jn.—diamn holes. The pavement layer is cored using a thin—wall diamond

core barrel with water pumped into the core barrel to flush out the cut-

tings (Figure 7). A core—catcher tool (Figure 8) is used to remove the

pavement core. The excess drill water left in the hole is removed im—

mediately using a suction device. Further advancement of the test hole

is made with a modified earth auger shown in Figure 9. The auger is

5— 1/2 in. in diameter and has a flat end with a squared—off cutting

edge. CBR tests are conducted in the core hole at the top of the base

and subbase layers and to the desired depth into the subgrade . For the

CBS test , a conventional CBR loading jack can be adapted to be quickly
attached to the drill rig frame (Figure 10). It was found that good CBR

test results could be obtained in the core holes and, by careful obser-

vations , the thickness of structural layers could be determined . Like—

wise , the material removed during the augering operation can be used for

moisture determination and classification purposes. Laboratory tests

can also be performed on the pavement cores to evaluate quali ty and

strength.

Rigid pavement

33. Factors used in evaluating the load—carrying capaci ty of

rigid portland cement concrete pavements are slab thickness, flexural

20
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Figure 7. Coring the pavement layer
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Figure 10. CBS test setup

strength of concrete , and modulus of subgrade or base reaction k . The

mo iuius of subgrade reaction is normally obtained from plate bearirv

tests using a 3O—in.—diam plate. The plate bearing test is not  r- i : : tica~

for evaluating pavements in the TO as it requires the removal of a

rather large section of pavement for access to the subgrade. A fairly

good approximation of the k value can be obtained f rom a CBR te,it ant i

the corre~ation of subgrade reaction with CBS. Figur e 11 show: a rela-

tionship of CBS and, modulus of subgrade reaction k .
~~~ By us ing  this

relationship,  the small aperture testing device previously described can

be used for coring the pavement , and CBR values of the subgrade can be

determined through the core hole. The 6—in .—diam core sample can be

tested for tensile splitbing strength using ASTM Test Method C 1496—614T.
6

The flexural strength can be determined from the tensile spl i t t ing test
results by using the relationship shown in Figure 12. The thickness of

the concrete should be measured to the nearest i/14 in. These values can

then be used with the evaluation curves for rigid pavement3’’ to deter-

mine the existing load—carrying capacity of the pavement .
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PART IV : ?~~THODS OF UPGRADING THEATER OF OPERATIONS
(To) PAVEMENTS

General

314. The method of upgrading existing TO roads, airfields, or

heliports will depend upon the type of deficiency of the facility to

meet mission requirements as determined in the condition survey. The

deficiency may be involved in geometric features, surface conlitiori ,

structural or load—carrying capacity, or a combination of these three.

Alternate procedures of upgrading to eliminate different types of de-

ficiences are presented, below.

Geometric Features

35. Geometric features of a road, airfield runway , or taxiway

apply to width , length, alignment , grades, etc. Where the existing

features of a facility do not meet the minimum requirement for a given

planned mission , such changes as widening , extensions , improvement in

grades , and new alignments will be necessary. The magnitude of the con-

struction effort will depend on several factors such as terrain, soil

type , and vegetation. In many cases , a two—lane road can be widened to

accommodate four or more traffic lanes, or a runway can be widened and

lengthened as necessary to accommodate larger aircraft with much less

construction effort  and materials than would be required to construct a

complete new facility. Therefore , these geometric improvements should

always be considered. Construction practices would be the same as for

new construction for a comparable facility.

Unsurfaced Roads, Airfields, and Heliport Facilities

Surface deficiencies

36. The basic requirements of an unsurfaced road , airfield runway ,

or heliport faci l i ty  are ( a )  that it meets the geometric requirements ,
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(b) that it has sufficient bearing capacity to support the t r a f f i c  loads ,

and. (c) that the surface conditions , roughness , obstructions, rutt rA~~,

etc., are such that a given vehicle or aircraft can operate with a rea-

sonable degree of safety . It may consist of a prepared surface or be an

unprepared natural terrain. In any case, surface irregularities such as

ditches, potholes , and stumps , which exceed the limits specified for a

given type faci l i ty ,  must be corrected . Potholes , ui tches , etc., can be
filled with the native soil. Stumps , roots , brush , or any other ob-

struction should be cut even with the ground.

37. The big problem areas in operations on urisurfaced facilities

are dust during dry weather and mud in wet weather. This is particularly

true for fine—grained cohesive soils. The strength of fine—grained co-

hesive soils is very sensitive to soil water content and the degree of

compaction. In fact , the strength may be very high in dry weather and

very low when wet , making the facility completely unserviceable. On the

other hand , sands and free-draining granular materials will retain their

strength in wet weather and, in many cases , will support loads better if

wet than when fry .

:8. Upgrading of’ wisurfaced roads, airport , and heliport facili-

ties can be accomplished by grading and compaction of surface soil layers

and by providing a good crowned cross section and good surface drainage .

The application of dust palliatives and waterproofing materials is also

quite beneficial . However , prior to using these materials , Reference 7
(Chapter 12) should be consulted to obtain guidance in their selection

and application.

Load—carrying capability

39. When the load—carrying capacity, airfield index , or CBS of

an unsurfaced soil facility is less than that required to support a

given mission , upgrading can be accomplished by a number of d i f fe rent

methods depending upon the availability of equipment , materials , con-

struction per sonnel , and time available. Alternate procedures which

should be considered are as follows :

a. Base course. Construct a base course of’ adequate thick-
ness and qual ity to distribute load to the subgrade .

26 
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Cr i t er i a  t o t  determining th ickness  and quality r e q u ir e —
merits are  summarized in Reference 1 (Chapter 13).

b. Coil stabilization, the  strength or ]oad—carrying capac-
ity of soil and aggregate mater ia ls can be upgraded Py
stabilizat ion . Expedient procedures have been developed
to aid the militar y engineer in evaluating or identiFying
the soil typ e and in selecting the type and quantity of
s tabi l iz ing  agent  needed For s tabi l izat ion based upon
soil classitication . An Instruction Report No. S—714—3
entit led “Stabilization of Soil and Aggregate Materials
for  Forward Area Operations ” was prepared for troop use
and is included herein as Appendix A. Construction pro-
cedures and equi pment needed for in—place subgrade
stabilization and for stabilized base courses are dis-
cussed in the appendix. Soil stabilization is also
covered in detail in Reference 1 (Chapter 2).

c. Membrane encased soil layers (MESL). A MESL base course
is especially applicable in areas where fine—grained soils
are available and in low—lying areas where groundwater
intrusion into the foundation materials is prevalent
lu r ing  wet s eason s .  The ~-1ESL concept involves complete
encasement oF a h i g b~~y compacted f ine—grained soil layer
hi a w- Lt -u r~ t~~ -F ro-r-’Lr; t i e .  This prevents the soil from
becoming we t  i ite to surface or subsurface moisture . A
ME SL base -sari be used as a wearing course or as a Lase
course for  a flexible or rigid pavement structure .
L im i t e d  i n s t r u c t i o n  on MESL construct ion is given in Ap—
pendix A. ~-u re detailed instructions are presented in
References 8 and 9.

d. hortli riC mats. Surfacing with prefabricated metal landing
mat s is art expedient  means of upgrading an exist in oum —

surfaced soil for roads or a i r f i e ld  and heli port facil-
ities. Corsple:e procedures for the use of lan-ding mstr
are described in Reference 1 (Chapter 13).

e. Bituminous surfacing.  Bituminous surfacing is a conv en —
ional method of upgrading ex i s t ing  unsurfaced i - a d : ,
airfields, and heliport f ac i l i t i e s; an -i standard j r oce—
dures for the design and construct ion of various ty; e
bituminous surfaces are discussed in Refererces 1 and 2.
Studies currently wider way at the U. S. Army Eti0 -iroee r
Waterways Experiment Station (WES) indicate that tie ~~otte
asphalt concrete pavements or most TO road requi rem ent:
can be made from marg inal pit-run granular mate r ials,
which do not meet the quality and gradation requirements
as currently specified. The testing and evaluation is
incomplete at this time . However , most granular mat s—

rials , such as sand , gravelly sand , or Ltravel iy clayey
sands , wi th  up to 15 to 20 percent  1-assing a 200 scsI;
screen cot .  be used w i t ; ;  about 6 percent asphalt cement
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- - in hot—mix asphalt paving mix tures , wh ich will  provide an

adequate road surface for TO requirenrierit; :.

Landing—Mat—Surfaced Airfield and Heliport Facilities

Surface defic ienc ies
140. Surface defects in landing—mat—surfaced facilities that may

require upgrading consist of mat breakage or excessive roughness. Mat

breakage is normally a result of fatigue due to a large number of load

repetitions and is related to the subgrade strength and the degree of

mat deflection under load. Cavities may form wider the mat due to ero-

sion of soil from under the mat or to pumping action at mat joints.

Where water gets through the mat to the soil, water and soil may be

pumped up onto the surface of the mat by the using aircraft or vehicle.

This type of action will ultimately lead to mat failures and to exces—
sive roughness and loss of subgrade strepgth. Surface deficiencies may

be upgraded by the following methods :

a. Grouting under mat. Where excessive roughness has de-
veloped in a mat—surfaced facility due to cavities or
voids under the mat and where the mat is still structur-
ally sound , the voids can be filled by grouting with a
soil cement grout as described in Reference 10. ~routiri-
under mat should only be considered for filling void: -m d
restoring the grade where the subgrade strength is ade-
quate. If the subgrade strength has deteriorated to be-
low the design strength for the mat—surfaced facility,
the grouting would be of little or no value.

b. Mat overlay. Procedures have been developed for over--
laying deteriorated rough landing mat surface s with new
landing mat.1~a This procedure will normally require the
construction of a soil cushioning layer over the old -tat
to restore grade and provide for a smooth seating surface
for the new mat . This overlay procedure will provide an
increased load—carrying capacity of the structure as well
as correcting surface deficiencies .

Load—carry ing capability

141. In any case where the subgrade strength is less than the mini—

mum design strength indicated for a given mat type and controll iti ° air-

craft  loading , rapid deterioration of the mat facility can be expected. 
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If a cohesive subgrade soil beneath a mat becomes wet due to poor drain—

age or inadequate waterproofing techniques used during construction , t h e

subgrade will lose strength , resulting in excessive deformations and
rapid mat deterioration . Where this occurs, about the only way to re-

store the strength in the subgrade is to remove the mat , dry out the
wet soil to about optimum water content , grade and compact as nec essary
to obta in the des ired grade and strength , and then replace the mat. A

waterproof membrane should always be placed over the subgrade prior to

placing the mat to prevent surface water from getting to the subgrade
soil. In replacing the mat , any badly deformed or structurally damaged

planks should be replaced with new mat .

142. Chemical stabilization of the subgrade soil with lime , port-

land cement , or asphalt , depending upon the soil type , will improve the

strength and load—carrying capacity and make the soil less sensitive to

erosion and loss of strength due to moisture.

Bituminous and Portland Cement Concrete Surfaces

Bituminous overlays

143. Bituminous overlays are ef fec t ive  in upgrading old pavements

(a) to improve riding quality, appearance , and waterproofing , and (b) to

increase skid resistance and load—carrying capacity of the pavement .

The most common type of bituminous overlay Is asphalt concrete , although

other types , such as tar or rubberized—tar concrete , sheet asphalt ,

and cold mix , may be used.

1414 . The type , quality,  and thickness of overlay needed is de—

pendent upon the purpose for which the overlay is placed and the planned

mission for the pavement facility. For example, an airf ield runway ,

which is structurally sound with adequate load—carrying capability , is

very rough due to differential settlements, and the existing bituminous

surfacing is badly cracked . The thickness of overlay required for this

condition would be the minimum required to fill depression and restore

a smooth waterproof riding surface that meets the design smoothness  cr1-

teria for the specific runway. On the other hand , if the overlay is

29
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being placed to increase the load-carrying capacity of the runway, the

thickness of overlay required over existing bituminous pavements can be

determined from the design and evaluation curves shown in Reference 1

(Appendix D). This determination is made by comparing the existing CBR

of the structural layers below the pavement surface (base, subbase , and

subgrade) with the design curve for the controlling aircraft and by read-

ing the design thickness required above each layer of the pavement struc-

ture. The following is an example of an overlay design to increase load-

carrying capacity :
a. The requirement states that it is desirable to use an

existing flexible pavement runway as part of a rear area
full operational airfield capable of handling C—l141 air-
craft with design load of 150,000 lb.

b. From the condition survey, it is found that the existing
structure consists of the following elements:

Thickness
Above

Layer Each
Thickness Element

Structural Layer CBR in. in.

Asphalt concrete —— 3 0
Granular base course 50 6 3
Granular subbase 25 26 9
Cohesive subgrade 5 —— 35

c. From the design and evaluation curves for the C—l14l air-
craft with 150,000—lb gear load full operational category
(upper part of Figure 5 ) ,  the indicated thicknesses re-
quired above the various structural layers of the exist-
ing pavement are as follows :

Required
Thickness

Structural Layer CBS in.

Asphalt concrete —— ——
Granular base course 50 6.5
Granular subbase 25 12.0
Cohesive subgrade 5 142.0

d. By comparison of the actual thicknesses above the various

structural layers with the required design thickness as
indicated above, the overlay thickness needed to satis fy
the mission requirements would be about 7 in.

:‘ 30 
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145 . Design procedures for bituminous or flexible owL-slays over

rigid portland cement concrete pavements are l isou; ;sed i t t  I-~efe rerO o I 1;: 12

and 13.

146 . Mix desi gn. Mix design procedures for bi tuminous mixture :;

for overlay purposes are the same as for new construction (see Refer-

ences 2 and 114 for details of procedures and cr i ter ia for select ion of

the optimum mixture). Asphalt cement is more commonly used as a binder

in bituminous paving mixtures. However, in areas of ai rf ield pavements
where jet fuel spillage is a problem , tar or rubberized—tar concrete

mixes have an advantage in that tar is more resistant to jet  fuels and

solvents than is asphalt cement . Dense—graded mixes of rubberized—tar

concrete are hi ghly resistant to jet fuel and are less susceptible to

damage by high temperatures than tar concrete.

14 7 .  Preparation prior to overlay. The preparation of an existing

pavement for a bituminous overlay consists of cleaning the surface of

all foreign matter; filling any potholes , craters , etc.; r epa i r ino  any

localized failed areas of the pavement base or subgrade ; and apply ing

tack cclat . In the case of old rigid pavements to be overlaid by all—

bituminous overlay, any voids detected beneath the base pavement should

be filled by grouting or undersealing prior to the overlay . Any spilled

concrete , extruded joint  seal , and other materials that would prevent

the overlay from bonding to the base pavement should be removed. Where

joints or cracks in the existing pavement are sufficiently wide to hold

a sand—asphalt mixture, the joints or cracks should be cleaned out and

filled with a sand-asphalt mixture containing about 3 percent residual

asphalt.

148. Mixing and placing overlay. The same procedures are used in

the manufacture and placement of bituminous overlay pavements as for new

construction .

Landing mat overlay

149. Landing mat overlays provide an expedient effective method of

unigra d in g  exist ing deteriorated airfield pavements . For pavements that

are relatively smooth but have inadequate load-carrying capacity for

the reiui re-I military mission , the placement of the landing mat overlay
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Lj a_ i~ cas r’y t r i g capacity of the paV~_-r:;ertt. . Caere existing J OYerU:rit5 t;OJ ’:

o t te r  o ra ted  to O u L I ci extent. t}ia L t i i - su i  ace roug l ine ; ;s  oF t h e  r w ~way

or taxiway !t -c uo~- ; oj-eratien of the mi ssion ai rcraft , it may be neces—

sary to coris tiuc t a cushion layer of soil over the deteriorated surFace

in order to ; i- u v i  uc a smooth seating surface for the mat (see Refer-

enc e 11 For i ot a  i led p r o c e d ur e s ) .

50. Landing mat was used as art o v e rla y  over  a weak d e t e ri er at e l

Flexible avement  runway d ur i ng  Field exercise.s at Oak 1ISCVC , :;ort ;~

Case linia , for 14 consecutive years (1973—1976). The p e rf o r mance ot  t h e

mat overlay under C—1 3O ai r c r a f t  operat ions  was observed artd -ioduri ente-; .

51. From the results of the exercises at Oak Grove and r elut ec i

st ud i es  comlucteci at WES , the following c-~inclusions and recomrcen; iatioas

have been drawn :

a. The use of landing mats over existing deterioratirq;
pavements will greatly increase the load—carrying capa-
city of the structure and prevent foreign object damage
to aircraft.

b . If the deter iorated condi tion or roughness of the Field
dictates that a soil leveling course is needed , a light-
weight waterproof membrane should be placed between the
soil and mat to prevent pumping of the soil through the
mat joints during wet weather.

c. The ends and edges of the mat overlay should be securely
anchored to minimize excess slippage and horizontal mat
movement under aircraft traffic.

52. Complete instructions for the installation of XM18, XM19, and

t-russweb mats are outlined in References 15, 16, and 17, respectively .

Recycling deteriorated pavements

53. General. Due to the scarcity and high cost of high-quality

paving aggregates and binders , such as asphalt cement , consIderable in-

terest has developed in recent years in recycling techniques for sal—

vaging these materials in existing deteriorated pavement structures.

Several different methods of recycling old deteriorated pavements have

been evaluated. Whereas all these methods have merit , probably the

method that would have the best application in the TO would be in—place

recycling . This process is applicable only to bituminous pavements and

is discussed below.
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I ni— j-L ace re-sv:1irq .~~ The basic process is shown by the flow
chart in  Figure 13. The t’i rst step involves preparing the pavement by

cotting the ;orincttt r of the con;truction and lowering all structures

(water :irid gas shutotrs , manhole.;, etc.) to below the depth of pulveri-

zat ion.  The pav emi-n in .  is then r i p p ed  or scar i f i e d  and broken int o pieces

with a maximum- s ize of ~+ t o  5 in. The broken pavement is pulverized to

the required specification and mixed with a predetermined amount of the

existing agoregate base. If necessary,  th i s  mixture can be windrowed to

the side so that  the subbase can be rewort -ntd. The residual asphalt in

the pulverized material will provide a good binder for a recycled stabi-

lized base; however , additional stabi l izing agent s such as lime , cement ,

or asphalt , are normally required to assist in the stabilization process.
The reclaimed mixture is then spread to the desired grade and compacted

to form a new stabilized base course. A tack or prime coat of bitumen

is applied as required , and , if des ired , a new bituminous wearing sur-

face is placed over the stabilized base. Finally, all structures are

adjusted, and the area is cleaned and dressed.

55. Equipment used in the process is of standard road—building

type . Motorgraders with scarifiers or bulldozers with ripper teeth and

sheepfoot rollers are used for the initial breakup. Heavy—duty pulve—

mixers are used for pulverizing and mixing the material . Conventional

distributors and mixers are used to spread and combine any addit ional

stabilizing agent . Regrading of the subbase and the recycled stabilized

base is accomplished with motorgraders, and compaction is obtained with

static steel—wheel pneumatic—tired , or vibratory rollers. The new wear-

ing surface, if required , is placed and compacted using conventional

equipment and methods .
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PREPARE
CONSTRUCTI 0i~ AREA

RIP  AND BREAK UP

~~~~~~~~~~~~~~ R~ZE~~~~ flLN T AND

WINDROW MATERIAL TO SIDE
AND REWORK SUBBASE

ADD ADDITIONAL GRADE CRUSHED MATERIAL
STABILIZING AGENT ON REWORKED BASE OR

(LIME , CEMENT , ASPHALT) SUBBASE

__________  FI N E GRADE /COMPACT _________________

STABILIZED BASE

______________$______________

APPLY TACK OR
PRIME COAT

[ PLACE WEARING SURFACE

_________________ *_________________
FINAL ADJUSTMENTS I

Fit -are 13. Process flow chart — pulverize in—place
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PART V : CO~ CLI JF I

The evaluation pr’ocoluse;: and alternate procedures for u ;—

u’adirp- 1ete~~i-~rtted TO pavements presented herein have hoc-n vaii-iated

i t t  p r o t o t yp e  I :ivc:ccr;t s t r u c t u r e .; under actual ox ’ simulate- a vehicular or

a i r c r a f t  t r a f f i c .  In selecting the  method of upgrading for a specific

situat ion , consiiieratiox t s;ust be given to the urgency , equipment, mate—

rials, and personnel available to accomplish the m i s s io n .
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j u L I e  I

- C - s - u - .- of ~-~i fi t . a.r-y Roi l e e L :

Charuct.et ist i-c S~ ee-ifie-aL

1. WIDTH :
Traveled way ( s i ng le  l an i c )  Mi n i r ; iwn— — 11—l / 2  f t .
Traveled way (two lanes) Miniimurs—— 23 ft.
Shoulders (each side) :- l i r i i s iwn——b ft.
Clearing Minimuin——6 ft. on each side of

roadway .
Widening on curves See Table 10—5 (TM 5-330).

2. ALINEMENT:
Grades :

Absolut e maximum Maximum grade vehicle can travel on.
Normal maximum 10 percent .
Desirable maxim um Tangents and gentle curves , less

than 6 percent ; sharp curves ,
less than 14 percent.

Horizontal curve radius Minimuin——15O ft.
Vertical curve length:

Invert (sag)  curves 100—ft minimum for each 14 percent
algebraic difference in rades.

Overt (crest ) curves 125—ft minimum for each 14
algebraic di f ference in grades.

Slight distance:  See Table 10—2 (TM 5— 330 ) .

3. LOAD OPERATION CAPACITY :
Road proper Sustain design number of equivalent

18,000—lb axle—load operations!
day.

Bridges Accommodate usin3 traffic.

14. SLOPES :
Shoulders 3/14 inch per foot .
Crown (gravel and dirt) 1/2 to 3/14 inch per foot.
Crown (paved) 1/14 to 1/2 inch per foot
Superelevation (gravel and 1/2 to l_l/ 14 inch per foot .
dirt)

Superelevation (paved) 1/14 to 1—1/14 inch per foot.
Cut Variable.
Fill Variable.

5. Miscellaneous :
Overhead clearance Minimum——i14 feet .
Traf f i c  volume 2 ,000 vehicles per day .
-~urnout s ( s i n g l e  lane ) Minimum——every 1/ 14 m i l e .

* See Reference 1. 
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APPENDIX A: STABILIZATION OF SOIL AND AGGREGATE MATERIALS FOR
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CONV ERSION FACTORS , U. S. CUSTOMAR Y TO METRIC (SI )
UNITS OF MEASUR EMENT

U. S. customary uni ts  of measurement used in this report can be con-

verted to metric (SI )  units as follows:

Multiply By To Obtain

inches 2.5 14 centimeters

feet 0.30148 meters

squar e inches 6.14516 square centimeters

squar e yards 0.8361273 square meters

gallons (U .  S. l iquid)  3.7851412 cubic decimeters

pounds 0 .145359237 kilograms

kips 0.45359237 metric tons

tons O.907l8147)-n metric tons

pounds per cubic inch 27,679.90 kilograms per cubic meter

pounds per cubic foot 16.0181489 kilograms per cubic meter

pounds per square inch 0.68 9 14757 newtons per square
centimeter

Fahrenheit degrees 5/9 Celsius degrees or Kelvins *

* To obtain Celsius (C) temperature readings from Fahrenheit  ( F )  read-
ings , use the following formula : C (5/9)(F — 32). To obtain
Kelvin (K) readings , use: K = (5/9)(F — 32) + 273.15.

3
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STABILIZATION OF SOIL AND AGGREGATE MATERIALS

FOR FORWARD AR EA OPERATIONS

PART I: INThODUCTION

Purpose and Scope

1. The intent of this report is to provide information and guid-

ance to military engineers in determ ining the most exped ient methods and
procedures for upgrading in—place soil in the construction of airfields ,

roads , hehiports , and storage areas in forward areas of a theater of

operations (TO). Specifically , this report presents proc edures for

determining which method or methods are applicable for improving the

physical properties of an available material and suggested construct ion
techniques for doing so.

General Considerations

2. The methods for improving the physical properties of soils are

mechanical and chemical stabilization and waterproofing techniques .

M e c h a n i c a l  s t ab il i za t ion  refers to the compaction and/or the blending

an-a compaction of soils to produce a more desirable construction mate-

rial. Chemical stabilization is the process of upgrading the construc-

tion en- 4ricteristics of a soil by the addition of additives. Bitumen ,

lime , and I~ertland cement are the chemical additives used for upgrading

soils in TO constru4-tion. Waterproofing of the surface by install ing

ses ,Lr t r ;es and , for cert ain conditions , by encapsulat ing a compacted soil
layer for a founda t ion is another method of stabilizing and upgrading

the  construction qualities of soils.

3. ej ec t i o n  of the mode of inprovement depends greatly on the

type of r:ate ri iL avi~ihable; however , drainage charact e r i s t i c s  of the

terrain , eluipr ;ienlt required , and the prevailing weather conditions dur-

ing the proposed construction period are also important considerations.

14 
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The mate rial in question should be classified either by the Unified Soil

Classification Syster:i (USCS)* or , in case la b o r a tor y  soil testing

impossible due to lack of time or faci l i t ies, by a f ie ld  i den t i f i c a t i on

system. If the gradation of the soil can be controlled, mechani cal

stabilization will probably be the most economical and expedient method

of altering the existing material . However , in many instances , a Jew-

quality material may require either chemi cal s tabil izat ion or a membrane-

enveloped soil layer (NESL ) before it is acceptable as a construction

material. MESL—type construction should be employed only when the pre-

vailing weather conditions during the construction period will remain

relatively dry.

* Department of Defense , “Unif ied  Soil Classification System for
Roads , Airfields , Embankments, and Foundations,” Mili tary Standard
No. MIL—STD—6 l9B , Jun 1968, Washington , D. 

C.5
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~~~~~~~~ I I :  PROCEDURE FuR i - . A i; l  : ,:~y 1fI - J : ~ :-I1CI- 11u1

l ’oj  I I n _ - n i t  j i i ca t  loS

4 . The i n — p l a c e  soil tha t  is Lu be upgr atdeu ~ r~i .u i  f i r s t  be-

clas sifi ed in ord er to d e t e r n : i n i n  t i t e  best anp ro a c in  to stabUization

based on the rnn at e-ri a l a a~id 0- lu ip sentu avai I

USCS

5. The USCS is used to identify soils according to t h e i r  n ar t i  - -
size d i s t r ib ut i o n  and plasticity . Soils seldom exist in nature s e ; a —

rately as sand , gravel , or any other s~ nng le  component but are usu ;M J y

i ’oan d as mixtures with v a r y i n g  properties of particles on I l i N e r e n t

s izes .  Each com ponent part con t r i bu te s  i ts  characteri stics to the soil

m i x t u r e . The USCS is based on those characteristics of the soil that

indicate how it will behave as an e n g i n e e r i n g  construction ma ter ia l .

The following properties have been foun d most usefu l  fu r  classification

purposes and form the bas i s  ol soil identification :

a. Percentage of gravel, sand , and fines.

b. Shape of the grain—size distribution curve.

c . Plasticity and compressibility characteristics.

In the USCS , the soil is given a descriptive name and a letter symtei

indicating its principal characteristics. The USCS sheet , an auxiliary

laboratory ident i f icat ion procedure , and character is t ics  pertinent to

roads and airfields based on the USCS are shown in Figures 1 , 2, and 3,

respectively .

Field identif ication system

6. The pr imary factors considered for field identi f ication of a

soil are the same as those considered in classification -~f a soil accord-

ing to the USCS : percentage of gravel , sand , or f i n e s ;  the shape of the

gra in—size  dis t r ibut ion curve ; and the p las t i c i ty . The f o l lo w i n g  fie ld

test procedures will help to estimate the i denti fic-tIl - ; of a m a t e r i a l .

7. Grain— size identification. The ;li pr -x:m - te n i . ~t r ib utj on  of

gravel , sand , and fines in a material can be deterr’in- :D- co tin e fol-

lowing test procedure :

U 



ut-air lEt ) SOIl 1. LA ll t( 4 IC t .
l l -c I ud-n5 Id .nt S - n r -  - u - a  des -

1 I N~ (c 
P

I 2 3 4 0

5; 
1 

~ i ~ 
5~~~~~~e~1 5r~~~ r ~~~~~~ ~~~~ I ~~~ - - -, n t~~14~ 14

, s~ s
, 
i n S  c i  r - i  -

it) P ~
- F ca I

-~ 
_ - ~~ , r ,  - s  ~ ,- .~ - ‘ coe pans- ~

OP 
P url , 4c id r5  grav el. y tuvn l—i ~C - r — r ~ , P r  cc. - nc r I , on. 5 O e  a range at s s u r s  

~~~~~~~~~~~~ - ~--~ — I
— 0~ 

-
~ — 

I F rae One I mad ns op ad d oa~
~ — ____________

~~

—

~~~~

—

~

-- ____________________
0 

:~ — GM d 950 I 50 d I I re Os. 
MI I ~~~~ J ~2 - -_ 

— _________________________ _________ __________________________________________ - - - C’ sane CC ICC,n - 0

- d I ‘b OC 
Clayay geaa.ls . y r o r - n ~~- c l c ,  - ~cc l -  pi cas lss.~ (For d e n -  ir~~- - ceaceinre 

~‘::~ ~ _ :: 14 ~:~~
nd 0

-~ 
z o ci cr 00 1 4 ,0-n, - lOO.~~ci 0 Oars. nrsd -

‘ nr c a r ’ - n ’ ir ., iti nt u
Sw /5 11 s o d  gra ily s a d I /. oe ea g A ~~~~ ad -,- so

~~~ ~~~ ~~~~~~ —— 
°~~~~~~ ‘ “  ° °  ‘ ‘

1 g o - o~ ~p Poorl y 9  ded .ond org lipsa ds I I 

sana t srn d 
° 

1

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _—  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
-c- -~~~n r i c ~ n ~-irI r 5 /

— :iI _ _  SM 
3 1

~~ 
d d 11 ,0 w p l f o r  I I sand -e on IS

-~ -I ~ 
(For i de r r i t , c c r  on Ocrr ~ see ML sc oo l  cc u r ~ C rarc . 1  lan Or, ir rengrf , -

~
~~~~~~~~ ~ 

P1 tn. lf d F oc I sond (SM)

lac,r; l ,cor~~n Ps o c r i c e c  -i
-
~ on Fra c t i o n Saralkr fran N, . 4’) a S -s e

[In-c Strs,r ,r~ Di latoocy Toay l rse..
-~ (Cr ,r in (Re action (Consi sro ocy 

~ a - I -

S — —— 
h~~~~~~~~~~) t haL g) n~ FL )  trc ‘° I 

d

Ph — Ino rgani c s i l t s  und very f n ~ sands Ti ’ s~s te i c y in inc -c n irten OttO r~
— ML flo o r , s i l l y or c iayo y t o -  sarccln a, None t o , I i - - r  Cu,c’O to s Ins. None nc ,au , - o c -  — c - lo re ana O010z I p y  I t I I I t1s — ___________ ___________ _ ge and —

Inorg anic - - Ic y , ni lao to ~ ndI-, - d o,’), -ly
u i y Jy l y l t d e d m h gh None t ry

- 
01. Organic si l t ,  and argon- c ts clays of lao Si cy ht 0 ‘ -  oc. ) nom sior of coors. grn-ns , co la,

plastincr y Mediom i n . r c c n i ) , ~~- . odor . ~ u - lanai
0 -
‘ 

—__________________________ 
___________________________________________ _______________ _______________ —

~~~ or geuIc g - c  nor and othe r c,  

MH 
Inangani c si l ts  m c cac ea us t diatosnaceacs Sli ght to Slo e to none Sli ght to d e s i , p r - u e  C IO d C d -O0 . Cu _ tC 4

f i ne sandy or si l t y soi l, cLot s , i r s  ,n.diarn n-v l i o n  in ianr -, r l-,,ec~

CH Inorganic clay s at hi gh p last i c i ty  fat cl ays Hi g h to o.sy 
— 

None n~~ ~ c r .-n 
— _______________________________________ 

h ig h 
______________ ______________ ca~1_~ - bc , ,  s ’ - n ’ ,  , p las tic

Org I y t n  d n t  h g h 
~ Med nt  h ph None ? ry S 

Ce It/ Li

Hi ghl y Otgani c Soil, p~ 
Fe - ano~ nth .r hi g hl y organic 55 ,15  Readil y et , ti f ie d by oni or odor ~ponic . tor i

( 1) Boandary s iassif i c at io n~ Sails pos sessing c hot o c te t is t i cs at t o o gro ups am desi gnated b y co m binations at g rcnc p s y m b o i s Par esamp ier Ow -OC eI l—g t cn ed 0-t u c I- in-r i °- - rn . d 1  c i o ~ b-n,., . (2) All sieve i

FI ELD IDENTIFICATION PROCEDURE S FOR FIN E-GRA iN EtI  SC -iL L CR FRAC T IC- NS
These procedures are to be perfot ece d on the minus N oC  5100, siz e par t ic les , oppr u o ~n -c t e c I 64 - Far f eid c iass I ca t io n parpafl.

sct een icg is nat inten ded simp l y remoc r by hand the rout e cur t - l i es  rccir ,Ce, lere - s r  ‘ -c tests

Di latoncy (react i on to ,habing l Dry Stten g th (ce oshing c h aeac tetist i c s l Taag trm

At t n rem aoi ng pa rt icles latg er th an Na. 40 cl e u r t i er prepare a pat at moi st After te rncu itrg part ic les larger than No . 40 s i ev e s i ee - nod a pat o~ so r~ - c  Aft., 1
soil u- rh o oaiu ,rr e at abnot one-ha lt cub ic nc fr Add enoug h oatnt i f necessary con us t ency of pott y , adding oater 5 necessa ry , Olin , ‘ c eat t I 0~ ,00n ’ er e l u .6..
to make h r ro i l  sof t but not st ick y by noen , sun , at ai t - d ry ing and then test  i ts s I r e n s ” - b y b rr c n-i on - i c r c uP n,, dry.

°Ioce ‘a pat n ” e open paint of nor hand and t i -ol e hcr iearrta l i y str ih i ng between the f ngen Th Is st reng th is .mras ute of t he chat o ct o t and nono- ’ , of this ,
go rno c o  against the ash,, hand ,ec e ,ai tin ier A pos i rio e tr act ion Consists the col lo i dal fr an t ,cn c_a ta , ned in the soil . The d ry stnm g r ’ increases - - s r  551

C l’. acce orance of ss ate r an the surface of the pat o h ic h changes ta l i v e ry  increas i ng e ias t i c i t y
narr n istenc y an d became, g lossy s/ h en the samp le is squeese cl betan en the Hi g h dry t t t e ng th is cha racter,sO b r  clays al the CU gtnup A t yp inol ‘ca - Dab
t ing en . the eater and g loss disapp ear t ram the surface the pat st i f fens en d panic s i l t  pos ses ani y uery sl i g ht d ry sr renq rh S I r y fine sands and s _ i t t  mets
tinali y it  crocks or cramb les. The mp idity of appearance of wore , during have about the same sli g ht dry strengt h , N’ an be os r nqc sb e i I, the lee 

‘~ 1
s haki ng and - i t r  disappe nten ce doting sqoea zi ng assist in id e nti f y ing the ol den poadeting the dr - rd spe r nre r - Fi ne san d ’ ee i , n- n , .ICrrnn- a r c  cc i  - AFter r
c haracter of the f ines in a sail - 

has the smoath leei of f la i r - 0515
Very f ine clean sands g ive the quickest an d nnst dist inct  reaction oheteas a T tte Is,

p la s tic clay fiat no reon t oc . Inorganic s i l ts , ,uoh g s a  t yp ica l rank floor t if l~
than, a mader ata i y qaicb reaction WI.

Ial~

Hi~~sIy

Fi gure 1. The Uni f ied  Soil C l a s s if I  -a t  1 - u  Sl~a c -- (U t e  -- - L i  -S~

I
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m e  ~c a sO 
~~
, 

d l ~ ~~~~~ I
Ri b ica r - - t i 0 l ies see t / [ c r  o 1  

no -- i  uc r i , r nrc -s i- Ion dry s tr e ng r l- . 1 5 or Fl less than 4 u l d c~~ sOtw n O

o r poocc rc , inn macs t a p laco ow bcrd esl io. c o ses
In-i - c -/ n arna c - ic ro d ic send , (5M(, I 

~, 
A r r c r c a i ;  1 i ,  ckooe A nc requ iring 050 of J I C I

°‘ - I 
— ~~~— I 

0 
— 

-, t I  Fl /dc Ita r hon y , y , b o is  - —

-- 
~~~~~~~~~~~~ 

CcmporSsg SoUs ur Equol Liq d U d n ~~jL
loc h 1 ~ 4 Taag hnoss aod Dry St re ngl h Increase —j- ---— -~

I ( 
_________ 

lC
rse PL) 

F soI Ad f 
int h l re ng F l t t y Ide  

,7
~5/5

k gb 

-

~~~~

___  

d 

d ~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- 

Sian. ~I,s t  -ii. d 5 i e 4inor,~~[I~O ii5 OvIor

— — — —~~~~~~~ cc j eu i ~~u none and oth es pertinent O~ :~~
,i,u r c 0u -d n L i i ,nt to )nc~ d [ rne in larnat ’an. an d symb o l ~ 10 — -— 

M

_ _ _  

s n parenthe ses, 
_ _

~ Nciio 
~~ g c Run-p ie 0 10 20 30 40 50 60 75 80 90 100

_________________ 
C 

~~~~ d- broar . sI .g or l , p I cr ), -

- 
s o n l  oetdc ed- ,oge ~~~ In coon LIQUID LIMIT

k69h Nasa so va ry S g l t ra nu neecu , or , dl door -o le s . I n-i
sino ngelnnt and d ry in p iase . b ess It/L I PLASTICITY CHART

Id.ntiti ed by clot . adar . spongy f eel

~ fr eqo enri p by lib rn os r o t - rn . For Ia bn roto ry ciasaif l oat i on of Ena—g.o i ned sails

wdr aIs Fee euni np es 0 5 - C C , ss e lf groded gsao aCna rd — c s , c re ,.i rh clay b i ndar , (2) Al l  riru r , iaes on this char t  are LA S.  sta rc da rd .

(W ICATIO N cc L c i -  Si ,  ~Cl  F INE-OIIA INED SOILS OR FRACTiONS
li e., i fs. mm ,. No .10 sceo e s isa part ic les,  app rna i n rot ei y 1 64 n , Foe Field c lass )f ic a ’ ian purp os es ,
Sd. s i nc l y rem o u n by hand the coarse pas ti c l. s that interfere oir l’ the tests.

(cros- — - ‘-nec tes st~cc l In q bne rc lcn ns ~s Icn p near p lastic u nit)

s g  part -t I nrgnr shon Na. 4) sie v e r re - —n i n  vo l of soi l t~ b e AIm 1 part ic les  I oror m 5 L.s n lice No . 4Ot iene s i r e are reerosed , a specimen at soil
p a t  n-,rr a o d i n - a  w I n  ‘ ned -s , to - . . A l l o w  r i-n on! In f ry u c  ed t l y abnot o n e .b o il nil , rube sie e is cr o ’ ded to the consistency of pott y ,  if ton
I.e. a, -- - -- - - and ‘h en rest r d c ’ rnn r n bre d . no and - inubli n, dry. water nost be oile d ,snd it st ick y, the specimen sherj ld be spread ant or

• ti~~g.n. -  .- . _ - , ir. ‘n o l 5 1-. i -n ec  er nni gn a n d - r y at t hi n layer and oi l  -on i 0 lose same moisture Lip enapora tion . Then t he seen men

~& Sir, m e  SOi d , I n4 r’ ncrenr . r  a n  is t o l l ed --- I u ‘-en d n ra  smooth surface or between t he palms nra a thread about
- pfasr non-r i ~1 d l  n I i or neter , The rI rend it than folded and rer nll ed tepaatedsi y -
e.gtf ’ - - - — - ‘ - clays n’ Ii con-ic - 0 t yc o n l - Duo nq r ’ - s  manipulation the moisture content is or ndo uli y reduced and ‘se spec , .
aset nc c - s— sl i ght ira s r mnn g r ’ It r ‘ ne ’o n rd no d s 5 nen sr - l Iens , f i nall y loses i ts p last ic i t y and c tnnb let ohen the p l astcc  is m it

• the sam. - c r dry stce ng t ’  - b ’  on re s r _ li t r e-i ky t c e , .  is m n  I-c I
keing t ’ e s r - r i  cr ‘. - 5 -ne sand ‘ re s cs rt , — ‘es., ’ a 5 , - n sI r Ott er the r i - rea l  crumbles, i ’ , pieces s huc id be l umped together and a slig ht bneading

a1 ‘ ncr n i t 0 .  c nr.., und until the io mp cr c nb l e r .
the t ougher the thread near the lo am l imit and I’ • s tiFfer the lump when it

Finall y c nc n r b les , th e none potent is thn c a l laidn l cloy ft nnt iae in t he sail -
st/ .nh-sr,c ,’ ~l-e thread at t he p lo , r l m m i r  and quick loss nf soherence of she
lump bel ow -b e p I, , t i c  I nr.t ind~ o re e th em m e t  panic i ny of Iwo p las t ic i ty ,  at

a l s ru rb us k n c I - n - ’ ype c lays and or g anir c lays oh rh  nosur brine the A- l ine
a gil , o rg ae is 0b ps bean a oer y we ak and spongy Feel at the p as r ic  i ,m t -

ed L I 1 ~ C , a z t , if l -a ’, ic- ir , G y - t e ~ ( :~ ~~~~~~~~~~~~~ 
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okn a l ceo
HIGHLY ORC

bc’ r ’s er - tie cosec

_ _ _ _ _ _  
I

HIGHLY ORGANIC SOILS COARSE GRAINE D
(Pt)

Fibrous Eex t ure , co l or , odor~ 50% or less pos 5 No. 200 s ieve
very high moistu re co ntent ,
particles of vege tab le mat 

-

_____________________________________

ter ( s t icks , leaves, e tc . )  Run si eve ano l ysi s

_ _ _ _  
7

GRAVEL (G) I SAN D (5)
Greater percentage of coarse f rac t ion Greater ~er o rt 1Iooe of -

retaine d on No. 4 sieve ccc:s N-s . 4

I I I ___ _ _

Less than 5% pass 1 1 ~~tween 5% and 12% More than 12% pass Less than 50/0 pass ~~~ l o , e n,i  ~% ors

No. 200 sieve ’ pass Na. 200 sieve No. 200 sieve L__ ~° 200 sieve ’ pass N0. 200

Borderline , to have I E~~r0ee~ ,se , to

Exam ine grain doub le symbol oppro- Rs,~n LL and FL on Ex grain dou ble symbol c

size curve pr late to gra ding and mr nus No. 40 sieve cs -rye or c ote to grodin
p lasticity character— ( fractIo n p lo s t ic i t y c horc
ist ics , e .g . ,  GW—GMJ ____________________ 

istics , e . c . .

_ _  _ _ _  F I _ _ _ _ _  F I _ _ _ _

~ 9ro ded] 
[

~~~~
i
~ ~ 

1~~~~~~~~
z

’

~~
::

~~j  ~~~~~~~~~~~~~~~~~ ~ p~~~~~C~~~ ci~o] ~~g d~~J ~ 
grade d e z o ~s

i
:~~

row 
[

G P ]  rGH FM~
G
~ [ L 

j  _ _  1 H
Note: Sieve sizes are U.S. Standard .

‘ If fines interfere with free draining propert ies use dou ble symbol such as GW GM, etc .

Fi i °urm ./ 2. A : i~ ic~r: 
] - , :  -

____ —
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Pslo sne  visual eaan, Cnotion of soil to deierrmnine whet her it
is HIGHLY ORGANIC , COARSE CaRAINFO, OR FINE GRAS NED. In
borderline cases det ern cin e onsouri p pass ing No. 200 sieve .

FINE G?AINED

[More than 500 o pass No.

I Run LL ond PL on minus N
[ mater ial

I _ _ _ _

S AND (5) L
Greater percentage of coarse f r a Ct i or i  Li quid liis, t less than

pass No. 4 sie ,e 50

~~~~~o. 200 s~eve
] 

~~~~tweeri 5% ofld 12%

j 
LM0~

t
~~

2
~~

05s Abo v Lne :~c

Borderline , to have r
Examine grain double symbol apcs ro- Run IL ond PL an Color , odor , possi bl y

s ic e cs- rYe pri o te to grading and minus No. 40 sieve IL and FL on oven dry
p lo s t ici t y c har act o r— fraction so i l
i s t i cs , e .g - s ,  SW —SM

1 1 _ _ _ _  i
i 

I
F Well I I Poorl y 

Below ~A line 
~1 l imi ts  plot in Above cA n line arid

LI L~
y
~i [~~~ded 

[ Y
z0n:

hO~
n 

~~~~~~~~~~~ plastkity chart 
Organic Inorganic

I _ _  I _ _  I

L~
] ~ I r~~] 

[ S M SC 1 r ~~~~~ OL ML ~~~ L-s~~~
] P~

-s1

r~~~~-~r-~ 2. ~w~i,1~ z-:,- - 1-~ tory i-~c n t i fi ’~~t iGn procedure (from MIL-STD-6 19B )

-- 
~ ‘~~~~~ • 0 ~ - ---~~- --- --- - ~- - - - -  A
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FINE GRAINED 1
More than 50°~ poss No. 200 sieve ]

Ri-s n L L and PL on minus No. 40 Sieve
material

1 I
Li qu i d l imit  less than Li qui d li mR greater t han

50 
_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

~w “A line Cr Limits p lot in Above siA ~
i line and j Belo w ‘ A ”  line Above “A” line

tc hed zone on hatched zo ne on hatch ed zone on on p last ic i ty  on ol ast ic i ty
osti cit y c hart p lastk i y chart J p l as t ic i ty  chart J L chart chrsrt

___________

r, odor , possibl y Color , odor , pos s ibl y

~d FL on oven dry LL and PLon , ovendry
sail soi l

_ _  

~~~~~an~~~~~~~ O~~~nic 

PCH1

~om 
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- Valu e a. Pawsdatl’sa Pal,. as Sane l m . ~
’ P~~et c t ’ s 1 ‘a.p ree.lisILi

Sy~bo1 Wh en Pot Ssn bJoct Co r.c ’Ly cA.sd,r 31. Fe - -. ’ SM
I~ jor Cinlaloi s a L,etter Hatcistol Color Nume Float A c t i O n  t . .i f ln a Ps’e..tt 1 A ‘ii ~n Lspanaior
(1) (2) (3 ) (I. ) (5 ) (6) (7 )  (Bi 9) ( u ’ )

~d ~~ - W.l l-sç’.ded gs’. nels Or VSVel -s s&Isd Ee’nl lnnt Good N- I,n to o e ry  A~~~.’ r,- .c’e

-~ •iS tW •C C e little or iso rifles

_ _ _ _ _ _ _  _ _  -I-
C? poorly graded gravels -or gan el -as .xs d Good t o eocn l len ’ Poor o r am r ~N- ,r,n ¶ 0  w i ry A LSAIt 001

.ietujne s, little or so rifles

~~~~~ 
*,: 

_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  ___—

___ G oad  t o  roc.llent F a i r  t - €‘aod 5 ;ig;~ ‘ s ’ e r y  s l g)c t

GFSAVT’,LY I S i l t y  g ravels , g r s oe l -ssand-ss t l t  
—

~ r 
- mi xtures -s— —- —_ — — -s — —

SOIlS 1 u Good P-i r SligIst Sligh t
I mcdi,..

__-s__ 1__ — — — - - —— — -- ——------— —-—— — — -~~~

CC Clayey g ran els, Vaonl -saafl d -c lay II I aid P-na ,-
mixtures .ediaj

= - -

Welj .g raded Sands el V av.lSlr sands , Good wOr n  Nnsse to  v e ry A laas -n-tsr
litt le nr no fines 5- go’

___ — ______________

SF Poorly grade d sands or gravelly Fair to good Pc-or to nat N -me t o 5e1 15 A g s ’ arc .
sands , little or no rises su itable e1lgr .t

I - - —  __-  __  - -

A O c a d Poor V~~igt.’ Very alig h t
AID 11111-,

SA~~T ~• ~ Silty sands , sand-silt mietsores — — — — —— —

Ic Fo n t- A ns i  pin’. aui eb e 1 1g)’ t ‘ 0  l g ) t i  ‘0
SOILS 

— — ____________________________ ____________ — ——_ _ _ _ _  

y_ ~ 51

SC Clsyey sands, send-clay mint-a res FaIr t o  go od list s , l t a b e I ~~ s ’ t o  yllg)-t to met

MI. Inorganic s li ts and very fIne sasda , Fsl r to p o o r  Pot sui t istl e ‘
~~f~~dl~~ a I lgin ’. to  met

roc k tlregr , silty or n syey five very alga
SIL1~ sands or clayey silts with sligh t

plastic ’ ty 
_________ __________AltO — _______________________________ ———-—-s — - ——_______

CI. t tnor~~oic clays of 1-n a to  mediun Fair to  i- - nc- Not e n - s I t u t l e  sFr la I:
,~ plas tic 1ty , gravelly clays , sandy - li’

_________ 
elaps e silty clays , lean clays 

_________ ______________

nfl at Organ ic si l t s and organic si l t -c lay s p-nOr N n t  ancl’ n °,v i4n 5I~~ t o  ljvIl,. n to hl~
of low plasticity

GRAtN~~ = 
___________________________________ — _, — n’~~~ = -  .__ --s
Inos-~~rtic s i l t s , mlcta ce ou s or Poor N- t  sisl’,aV,~ PSe SI -ase t o  9iglm

soi~~ SII.TS d lata .aceo u s fine sandy or silty aer ~ t-Ig -
soils , elastic ai lts

CS - ,~ Inarganlt clays vf tc l g5s plasticity, P-odor to eery poor Nat no i t a t - le  14r51oa Rig)’.
j  • fat ciaya

CLAYS — ‘— °s” —
Or~~ntc clays of medIc,, to high Poor to s-cry poor Sot suitable Med,~o 51gb.

LI. ~ 50 — — - p las t i c i t y ,  organic s l i t s

~~CKLT OPCANIC SOIlS Pt 

— 

~ Pest and tImer highly or ganic soils Slot suitable Not s- .ci ’a t n  S l O d L o t Very inigin

~~t.s

1. Column 3, Iu la lo n  nf GM,ssd ~~ groups i n ’, :i.li ciioislooe of C and u are for r o a ds  a — I  s~ t - f l r ’ l d s  nt- I / I  s , b d l v l s l o t c  Is nra t O n I  -s - f  A ’ l e r t e r g  l i m b s; ai~
plasticity m ien Is 6 or less; the suff la u will be used vhe is the liquid h e a r  Is greater than 28.

- 
- 

2. Column 7, vmloe , are for subgrade s and base toured eacept for baesr ag ree d a r e a ’ y un d er  b l m , s r m l r ~~nn pe.vm. -i ’ -
3. Xe colcia s 8, tt e term “ ea t-eli ent” is.. beets reserndd for base ma terials r n n s i r m a l t r g of t t g,’i quality p r ar e o s ed c r , n I e S  st cae
h. In column 9, tyr se sails are susceptible to frost as indicated m dcc’ - m i d h t a  tie ran - -s at in tn f roo ’ sa ’ l o c  is.nnrl lel  In t° v e s  -

In column 12, tee nqs. l~~en t l sst ed will usually produce the re nmured den e . ‘ a s - s  om ~~ , a c’e ,l- nst lt .  m1 , len  of pnnsen S e n  e 151 ,c r - nt c i j ’  b ins m i  thick
are listed , beca use v a rIab l e soIl characteristics cith Irs a gl oen s- al. ga- a-op may require d i f fe ren t  e4 tync tl l . In Come mmn c ’ u r  -- , a -m °irls imn Or two ~
a. Processed base ma ter I als and other sngula ma eriai.. S t , e l - n t ev . e i  r-nlle rs are rec n rnde’ i r t &s- l e.sgs. :ar o a r - - n t  a c m ’  . Ln ’ e l  VI t aeS Ot’ acreu

to degradatints .
b. ?lnlstslng. Pubber-sti red equ5~~ent is rec~~~end.d for rolling i r O n R  r oam shaping pr r ecl a n n f-or mo st n m l s  and pr i r e n s e ’. no - c r I s I s,
C . Egu5~~ ent s Ine. The follo w ing 515 ,5 of •qai~~ent are nece ssary to assure the high d e n n t t i r s  requi re d f r  s l r ? m e I d  -;

Cravi es —ty p. tractor total ve igtt t in  esne .s nit 3 0 , Xhi l b .
Pubb .r—tlred •qui~~ ess t -- s wheel load m e es oe l .  if ‘°‘ lb w h ee l  load, as Ic igis as Li~ , mc’ It may be ‘me-es.a ry t - - - I m r a c -  - t i ,  required densitie s r
Sb..psfoot roller -- unit pressure (an ~~

. to l ? - s n ~ in. f nia r~) to be in ex cess of 7 p ea and ,anlt prese c .ree a. high Is 5
~n psi say be necessary te

should be at least per c.nt of the tata l per l p lc ers b area of th Arc., sissog th e OL.a.ter measured to th. races of th e fee t,
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t . Separate gravel (material retained on No. ~ sieve ).

(1) Select a random but typical specimen of soil.

( 2 )  Remove from specimen all part icles larger than
i/il in. ’~ in diwneter.

(3) Estimate percent gravel by weight .

I. Sedimen tation test. Determine percent sand (material
passing No. 14 sieve and retained on No. 200 sieve) and
percent fines (material passing No. 200 sieve).

(1) Place specimen (less gravel) in canteen cup and fill
with water.

(2) Shake mixture vigorously .

( 3 )  Allow mixture to stand for 30 sec to settle out sand
particles.

( 1 4 )  Pour off  water containing the suspended f ines  into
another container .

( 5 )  Repeat steps b ( 2 ) — ( 1 4 )  unt il water poured off is clear .

(6) Dry the soil left in cup (sand).

( 1) Estimate percent sand by wei ght .

(8) Dry the soil left in the second container and esti-
mate percent fines by weight .

8. Distr ibut ion of grain sizes. Af ter  an estimate of the par-

t ic le sizes has been made , the coarse—grained particles should be clas-

si fied as either well graded or poorl~T graded. A good distribution of

all sizes without too much or too li t_e of any size means that the soil

is well graded. Overabundance or lack of a particular size means that

the material  is poorly graded.

9. Plast ic i ty.  P las t ic i ty  can be estimated from the strength

of an air—dried specimen. The specimen is prepared by f i r s t  removing all

particles coarser than a No. )4Q sieve or anything larger than a grain

of sugar and then molding cube at the consistency of s t i f f  putty,
adding water if necessary . The cube is dried in air or sunlight and

then c rushed between the f ingers .  The ease or d i f f i cu l ty  with which the

cube crushes between the f ingers  indicates  its plast ic i ty. The l is t ing

below can be used as a general guide in es t imat ing  the p las t ic i ty :

* A table of factors for C U I L c m C 2 t jf l~~ U. S. customary units of measure-
ment to metric (SI) uni ts  is presented on page 3.

13 

- --- -- -- - -~~~~~~~~~~~~ - _ —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



---~ - -----—-~~~~~ -- -

Plasticity Index Reaction to Crushing
Term Range Between Fingers

Nonpiastic 0 to 3 Falls apart easily

Slightly plastic 14 to 8 Easily crushed

Medium plastic 9 to 30 Di f f i cult  to crush
Highly plastic 31 or more Impossible to crush

10. Density. The compaction of soils for roads and airfields

requires that a high density be attained at the time of construction .

The density or degree of compaction for coarse—grained soils may be

estimated from the ease with which a rod penetrates the soil or from

the data shown below :

Relative Density
Term Percent Field Test

Loose 0 to 50 Easily penetrated with 1/2—in.
reinforcing rod pushed by
hand

Firm 50 to 70 Easily penetrated wi th  J / 2 — i n .
reinforcing rod driven wi th
5—lb hammer

Dense 70 to 90 Penetrated 2 f t  with 1/2—in.
reinforc ing rod dr iven with
5-lb hammer

Very dense 90 to 100 Peretrated only a few inches
with 1/2—in-s reinforcing rod
driven with 5-lb hammer

Procedure for Selecting Methods of Using In—Place Soils

11. The following procedure is presented to give general guidance

in selecting a method to improve the physical properties of in—place

soils so that they will be suitable for construction purposes. This

proc-scidure is based on the type of material encountered; therefore , it

is requi red that  the material f i r s t  be ident i f ied either by the USCS or

by a field iden t i f i ca t ion  system. After  the soil has ‘. een classified, a

stabilization method can be selected by use of Figure 14. This figure is

l;ub -~1vided U 51 rc~ Atterberg limits and sieve analysis , which are deter—

r n i r i i’J or csstibflatL’d during the ident i f icat ion of the soil. Two or more

114 
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PERCENT BY WEIGHT FINES
( M A T ERIAL .  PA SSING NO. 200 S IEVE)

T Y P E OF S T A B I L I Z A T I O N
A R E A  R E C O M M E N D E D  R E M A R K S O R R ES T R I C T I O N S

A. M E C H A N I C A L  LI QUID L IMIT  LESS THAN 25
B. B ITUMINOUS
C. P O R T L A N D  C E M E N T

~ A . B I T U M IN O U S
B. P O R T L A N D  CEMENT

~~ A . P O R T L A N D  C E M E N T

B. LIME

I~~ A. P O R T L A N D  CEMENT
B. MESL 50 PERCENT OR M O R E  BY W E I G H T  PASSES NO. 200 S I E V E
C. S U R F A C E  W A T E R P R O O F I N G  50 PERCENT OR MOR E BY WEIG HT PASSES NO. 200 S I E V E

~ A. LIME
B. P O R T L A N D  C E M EN T
C. B I T U M I N O U S
D. ME SL 50 PERCENT OR MORE BY WEIGHT PASSES NO. 200 S IEVE
E. SURFACE W A T E R P R O O F I N G 50 PERCENT OR MORE BY W E I G H T  PASSES NO. 200 S I E V E

A. PORTLAND CEMENT
B. LIM E
C. MESL

Figure 14. Selection of stabilization method
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t n e t i i d to wse will d c p a - I i - J  Oi l  t l a ~ mat ct ’ L l 0 ~ s l i i t l  0 I t S I c t i t  ‘ c V t ~ i l L J  - -  and

the WCI~L I I C I  c on d i t i l i l l . 11 ~~~~~~~~~~~~ IS L I W L  I IIIIlt,In,Ii 115 l1(’ItR t.c 1 , Ii

cedure ilS also ti t ’ m ’ l S L ’ t lt c a i l  to c t s a ’ l , m - ITO t i c :  t h e  LILIl (* a 11010 t:’jl all it i

( little , cement , or b l tun ie i i )  r oj o :  ;m :d to a u f l ’ic li t . 1~ . t l n L j l i Ze  thsa -

material .

12. Th~ following pi ra~~r t p il1s de locr ibe  each of the :l,otI ~ uno:; a ll—

sidered , suitable soils recommended lot  the r’to~opec’ t lye i0ot , kin ~~t 1; , arl-o L I - - —

s cedures to determ ine the quant ity of chemical addi t ive r - j n.i i red , if

applicable.

Mechanical stabilization

13. Mechanical stabilization produces an intor- J -:r:ing n t  IIL- 1~~—

aggregate particles. It is important that the gradir~~ of tinS - 5 0i J -

aggregate mixture be such as to produce a dense mass when cc~~p~ c t eJ .

Depending on the gradation of the mater ial , mechanical stabilization cat~
be accomplished either by uniformly mixing the material and then com-

pacting the mixture or by the blending of on lditional fines or aggregates

prior to compaction to form a uniform well—graded , dense loc i l—aggre gate

mixture af ter  compaction . P i t—run  or crushed aggregate can be added to

the soil if it is deficient in coarse—grained materials. For best

results , a well—graded , angular-shaped, soun d aggregate should be use -i .

If the soil—aggregate mixture is well graded , the quanti ty of f i nes

should be kept below 5 percent for natural gravels with maximum aggregate

size about 3/14 to 1 i n . ,  below 9 percent for crushed rock of the same

gradation , and below about 114 percent for sand. The physical properties

of the soil binder (material passing the No. ItO sieve ) have a great

ef fec t  on the stability of the interlocking soil—aggregate particles.

Therefore , the liquid limit of the binder should be 25 percent or less ,

and the p las t ic i ty  index should be not greater than 6 percent . These

requirements may be lowered to a liquid limit of 145 percent and a

plasticity index of 15 for emergency and minimum operational airfields

when good drainage is provided.  A rough method of de termining  if a

material has the senired properties for a binder is to pat a wetted

sample in the palm of the hand. If the sample will compact into a

16
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dense cake th a t  cannot be readily pene t rat ed  wi th  a blunt stick t i lL - -:ize

a t  a pencil or if it will retain dol ’itiite shape t i tt e r  1ry i ri~~, the

material  is suitable for use all a binder .

Chemical stabilizat ion

114. Lime. Experience has shown that lime will react with

medium— , moderately fine— , and fine—grained soils to produce decreased

plas t ic i ty ,  increased workability , reduced swelling , and increased

strength. Lime—stabilized soil can be satisfactorily used as base

course , subbase , or subgrade , dependi ng on the characterist ics of the

soil being treated.

15. Lime is generally used in the stabilization of clay soils or

gravels with clay binder material. In small quantities , it is very ef—

t’CCtlVc with clay—gravel mixes. Soils classified according to the USCS

as CH , ~2b , MH , SC , GC , SW—SC , SP—SC , and GW—GC should be considered

potent ially capable of be ing stabilized with lime . The use of lime

alnocs in not recommended for sandy soils.

Iti- . Hydrated lime or quicklime may be used as the stab il i z ing

i~ c a t i t , depending on availab il i ty of the type of lime and const ruct ion

e4uipment . The reaction of quicklime with soils is similar to that of

hy oratol lime ; however , hydrated lime is easier and safer to handle than

~ulck1ime . Quicklime can cause burns and irritations to WOi ~O5iCO and

nijuol l Una on -n-I with caution. Quicklime gives off heat during hydration

trl ’ it Inro iUnc:J a drying effect. Hence , the appl ication of quicklime to

that are unstable because of excessive moisture may actually cloy

tIle Soil aria allow construction work to proceed readily .

17. Generally , 14 to 6 percent lime by weight is required to

achieve tall stabilization for fine—grained soils, and 2 to 14 percent is

re-jaire l I
_
Or granular soils. Fi gure 5 presents a general gui de too’ de-

termining the lime percentage based on minimum testing. This method is

boned on the percent soil bi nder and the plast icity index of the soil to

be treated , which are determined during the identification of the soil.

18. Ca rr iciit . Soil—cement is a uniform mixture of controlled

proportions of pulverized 131)11 , moi sture , and portland cement compacted

to form a stable foundation layer. Portland cement should be used only

17
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wi th soils that can be thoroughly pulverized . In general , ne

soil which is to be stabilized should have a plasticit y I:. i X  of lelIS

than 30, and , for coarse—grained materials , the percent, p c l I I ; i n ~; t i l e

No. 14 sieve should be greater than 145 percent .

19. The principal 1actor affecting the quantity of cement re-

quired to stabilize a soil is its classification. Table 1 snows the

approximate quantity’of cement required to stabilize various soils

classified according to the USCS. These values are approximate arid

should be treated as such. In areas where a particular type soil has

been successfully stabilized with different cement contents than those

suggested in Table 1, it is recommended that such experience be taken

into account.

20. Bitumen. Bituminous stabilization is the process ~ii W i l i c S

soil and bitumen are combined to achieve a more stable mass. Tl-~e major-

ity of bituminous soil stabilization is performed with asphalt cement ,

cutback asphalt , and asphalt emulsion . However, it should be noted that

stabilization with asphalt cements is usually not considered in a TO due

to the lack of central batch plants and other specialized equipment re-

quired for use with asphalt cements. As a general rule , only those soils

which can readily be pulverized by mix—in—place construction equipment

are satisfactory for bituminous stabilization . Soils having more than

30 percent by weight of particles passing the No. 200 sieve and/or a

plasticity index greater than 10 generally are not adaptable to bituxni—

nous stabilization . Soils classified as SW , SF , SW—SM , SF—SM , tW— 2C ,

SF—SC , SM , SC , SM—SC , GW , GF , GW—GM , GP—GM , GW—GC , GP—GC , GM , GC , and

GM—GC can be effectively stabilized with bituminous materials provided

the above—mentioned grading and plasticity requirements are met .

21. Asphalt cements , cutback asphalts, and emulsified asphalts

are suitable types of bituminous materials for soil stabilization . 1he

grade of asphalt cement can be determined from Figure 6a depending on

the pavement temperature index. The quantity of asphalt cement can be

determined on a preliminary basis from Figure 6b. This preliminary

content is based on aggregate shape and surface textures. The mixture

should be compacted by some mean s to insure that  excess asphalt is not

19 
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present in the mix.  Excess asphalt will be evident on the top, sides ,

and bottom of the specimen if it exists.

22. If cutback asphalt io chosen to stabilize a native material ,

the type and grade of cutback asphalt required can be determined from

Figure 7 and the quantity of asphalt cement from Figure 6b. To deter-

mine the amount of cutback asphalt to apply , a correction for the

quantity of volatiles in the asphalt must be made . A rough estimate of

the volatiles in various grades of cutback is given in Figure Tb.

23. The grades of emulsified asphalt required to stabil iz e a soil

can be determined front Table 2, and the quantity can be determined from

Table 3. Cationic and onionic emulsions are effective in stabilizing

many types of aggregates. However , there are a few exceptions that

should be noted: (a) if a cationic emulsion is being used and it breaks

up too quickly , it may be due to the CaO in the aggregate; and (b) a

high concentrat ion of SiO
2 

in the aggregate will cause st ripping of

anionic emulsions.

Waterproofing techniques

214. A road or airf ield can be waterproofed sat isfactorily by one

of the following two methods based on the drainage characteri.itics of

the facility . The first method consists of waterproofing the surface of

the road or airfield with a prefabricated or formed—in—place membrane .

A surfac e membrane will adequately waterproof a faci lity that is well

drained and requires protection from only rainfall. The second method

consists of encasing a compacted layer of soil in a waterproof membrane ,

i.e., MESL construction . In areas where soils must be protected fr an

moisture intrusion due to rainfall and cap illary migration , MESL—type
construction should be used to waterproof the facility .

25. Surface membrane. Experience has shown that compacted fine—

grained soil exhibits high strength that can be maintained if it is kept

dry. Surface membranes such as polypropylene—asphalt and prefabricated

neoprene—coated nylon fabric membranes have been developed for applica-

t ion to roadways and ai rfields to protect the compacted subgrade from

intrusion of rainwater. The soil being protected by these membranes

should contain 50 percent or more fines and be compacted to maximum

21 
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RC MC SC
140 — 3000

IL

1 1 1 5 4 — 1500

o 0 Z

1.1~
0 0 0
0 .5 .5
.5 B
IL 90 3 — 800 D
0 0 0
UI Ii. U.

0 0
B B

.5 0 0

W 65 2 — 250

40 I — 7 0
0 1 2 .5 25 0

PER CENT PASSING NO. 200 SIEV E

a. TYPE OF CUTBACK

E X A M P L E : FOR A G G R E G A T E  T E M P E R A T U R E
OF 100 F AND 10 PERCENT PASSING
NO. 200 SIEVE . USE MC 800 C U T B A C K .

C O M P ON E N T S P E R C EN T  O F  T OT A L

T Y P E V O L U M E  F OR C I T  ED GP AD ES
B A SE SO L V EN T  30 70 250 800 3000

R A P I D CUR I NG A S P H A L T  CEMENT - 65 75 83 87
( RC I 

G ASO L I N E  OR N A P H T H A  — 35 25 ‘7 13

MED CURIN G ASPHALT CEMENT 54 64 74 82 86
(MC I 

________________ 
K E R O S E N E  46 36 26 18 1 4

SLOW C U R I N G A S P H A L T  CEMENT - 50 60 70 80
I SC I FUEL 01 L - 50 40 30 20

b. ASPHALT CUTBACK COMPOSITION

Figure 7. Selection of type and grade of cutback asphalt
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density at or slightly less than optimum moisture content prior to in-

stalling the waterproofing surface. In—place soils containing large

sharp aggregates should not be waterproofed with these types of surface

membranes because the aggregate tends to puncture the membrane under
traffic.* Soils classified as CL, CH , ML , arid Mit accord ing  to t h e  USCS

are generally regarded as acceptable for wat:-o- pi’ - . t i n , ;  w i t h  a sur face

membrane and can be expected to withntand rubber—tire-I tr - ot ’ : in- . The

drainage conditions for any facility which is to be watc-rpr -o~fed with a

surface membrane should be such a~; to isolate the facility t r-~nn external
sources of water.

26. Generally there are two types of membranes that can be in-

stalled as surface waterproofing material for fine—grained soils. One

type is called a polypropylene—asphalt membrane and is formed by apply-

ing emulsified asphalt to the surface of the soil layer , placing the
polypropylene material , applying a second coat of asphalt , and then

placing a blotter layer of sand. This type of membrane requires an

asphalt distributor during construction and will perform sat isfactorily

under rubber—tired vehicular traffic. The second type surface membrane

considered is a prefabricated neoprene—coated nylon fabric. This type

of membrane is fabricated in two— and four—ply thicknesses and is desig-

nated as Tl7 and XW18, respectively . Tl7 surfacing is adequate for

operations of light fixed—wing aircraft , and XW18 membrane will with-

‘- 
stand the braking action of C—l3O aircraft. Tracked vehicles will tear

both the formed-in—place and prefabricated membranes.

27. MESL. A MESL base course is especially applicable in areas

where only fine-grained soils are available and in low—lying areas where

groundwater intrus ion into the foundation materials is prevalent dur ing

the wet seasons. The MESL concept involves complete encasement of a

compacted layer of fine—grained soil by a lower and upper waterproof

membrane . The construction of a MESL base course consists of removing

the design thickness of soil from the roadbed and stockpiling it ,

* Coarse—grained soils and soils containing sharp aggregates should
be waterproofed by applying either sin gle or multi ple asphalt surface
treatments.
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placing t he lower membrane, replacing the so il on the lower membrane ,

compllctinig the soil layer , and then installing the upper wearing mem-

brane. The upper polypropylene—asphalt mem brane is capable of Supp ort-

ing limited rubber—tired traffic operations and is formed as described

in the previous paragraph . More detailed instructions for MIlL con-

struction are available in Instruction Reports S_Tl_l* and S_69_5.**
28. Precautions should be taken during the construction of a

~~SL base course to (a) schedule the construction period when the

weather conditions will remain relatively dry and (b) prevent puncturing

the lower membrane which covers the bottom and sides of the excavat ion
during compaction of the soil layer. Precautions should also be taken

after construction to prevent tears in the upper membrane which will

probably occur under t raf f ic of tracked veh icles or from slid ing locked
wheels of heavy trucks. Tears in the upper membrane necessitate im-

mediate repair. If water enters the soil layer through tears in the

upper membrane , the lower and upper membranes act as barriers and hold

the water within the encapsulated soil. The water then tends to migrate

within the soil layer , causing the soil to lose strength. Unless the

wet soil is replaced and the upper membrane repaired , the water will

continue to infiltrate and weaken larger areas. Traffic over a weakened

area will form ruts and may cause failure of the upper membrane .

* A. H. Joseph and S. L. Webster , “Techniques for i~ap i d Road Contruc—
t ion Using Membrane—Enveloped Soil Layers ,” Instruct ion Report S—il—l ,
Feb 1971, U. S. Army Engineer Waterways Experiment tta~~iori , CE ,
Vicksburg, Miss .

** C. D. Burns and W. 11. Brabston , “Membrane—Enveiop~- - i Soil uliyers as
Base Courses for Airf ie lds , ” Ins t ruc t ion  Report  t— ~-9 — t ,  Jun 1969,
U.  S. Army Engineer Waterways Experiment Station , Gil , li -~-ksbur g, Miss.
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PART III : THICKNESS DESIGN PROCEDURE

19. Design curves for forward area a i r f ie lds  and roads are shown

in Figure 8. For each type of air f ie ld, the controlling type of air-
craft , typical gross weights , and design life or number of cycles (take-

offs and landings ) are shown. One design curve based on 20 x

equivalent number of 18—kip, single—axle , dual—wheel applications is

presented for forward area roads. Depending on the CBR of the unsta-

bilized subgrade and on the type of facility , this  des ign procedure
enables determination of the thickness of overlying structures that

•must be con st ructed for each an t ic ipated facility. It is recommended

that all stabilized layers have a minimum thickness of 6 in. The design

thicknesses are based on the re commended percen tages of stab i l izer or

methods of stabi lizat ion determ ined from the previous part of this

report . The curves indicate the total pavement th ickness requi red on an
unstabilized subgrade over a range of subgrade strength values. It

should be noted that each curve terminates above a certain subgrade CBR .

Thi s is because design strength cri teria for unsur faced facil ities

indicate that a natural soil of or in excess of this approximate strength
would be capable of sustaining the t r a f f i c  volume required without the

benefi t  of s tabi l izat ion. These curves are intended to be used as

guidance only and in no way should they supersede specific trial-proven

experience or laboratory testing when either exists. In addition to the

total thickness determined from this des ign procedure , a thin wearing

course may be advisable to provide waterproofing or to minimize the

ef fec t s  of t i re  abrasion .

30. Use of these criteria can best be illustrated by examples.

The following examples are presented in explanation of typical design

situations:

a. Exan~ple 1.

(1) A unit is given the mission of constructing an air-
field faci l i ty  for the logistical support of an
infantry  d iv is ion  and cer ta in  nondiv i s ion  art i l lery
uni ts .  This facility will have to sustain t akeof f s
and landings of C— 13O a i r c ra f t  (gross  weight of

25
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Figure 8. Road and airfield design curves for
stabil ized soils in forward areas
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150,000 Ib) along with smaller aircraft . Due to un-
satisfactory soil strength requirements and avail-
ability ot’ chem ical s tab i l i z ing  agen t s , statiliza—
tion is to be considered. This facility also will
be a short—term field in the forward area arid will
be considered expedient design .

(2) A site reconnaissance and a few soil samples iridi—
cate the natural soil strength to be 8 CBR . lieve-
analysis and Atterberg limits show 20 percent of the
material passing a No.  200 sieve , 30 percent passing
a No. 140 sieve , a plasticity index of 28, a liqu id
limit of 30, and 145 percent of the material being
retained on a No. 14 sieve as being reasonably repi -e-
sentative of the soil at the proposed site. The
soil classifies as GC according to the USCf.

(3) Using this information , Figure 14 is entered , and it
is determined that cement or lime is the proper
agent.

( 1 4 )  From Figure 5, a lime content of 3 percent is se-
lected for th is  soil having a plastici ty index of
28 and percent soil binder of 30. Results indicate
that 3 percent lime will be adequate.

(5) Since the soil classifies as GC , from Table 1 an
estimated cement content of 7 percent is selected.

(6) The characterist ics of both additives are then re-
viewed , and , clue to the predicted cool weather con-
ditions, cement stabilization is chosen.

(7) The design thickness is then determined from Fig-
ure 8. For a subgrade strength of 8 CBR , a design
thickness of 15 in. is determined.

b. Example 2.

(1) A unit is assigned the mission of quickly providing
an expedient road between two organizational un i t s .
Only the in—place material can be stabi l ized.  The
preliminary site invest igat ion indicates that the
soil has a natural strength of 15 CBR , a liquid
limit of 30 , and a plasticity index of 15 and that
55 percent of the material  passes the No. 200 sieve .
The soil classifies as a CL material according to
the USCS .

( 2 )  Only cement , emulsif ied asphalt , and polypropylene
are readily available. Due to 55 percent of the
material passing the N o.  200 sieve , bi tuminous
stabilization is not considered. Therefore , either
cement r tab il i za t ion  or MESL const ruct ion will be
used , depending upon the equ ipment ava ilable and
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predic ted  wo ath e r  L-on id it i ons  during the con s t rue—
tion period.  If cement s t ab i l i za t ion  is seleste~~,

a cemer it  content of 10 percent should be- u:~ i as
determ ined from Table 1. A design thickness of the
s ta b i l i z e d  material  ci- MESL is then determinco fr an: .
Figure 8 to be 10 in.

C. Example 3.

( 1) A unit is given the mission of providing a road
between two organizational task forces .  The pr e-
liminary site investigation indicates a soil
strength of 10 CBR , 80 percent of the mater ia i
passing the No. 14 sieve , 50 percent passing the
No. 140 sieve , 20 percent passing the No. 200 sieve,
and a plasticity index of 8.

( 2 )  From Figure 14 , it is determined that e i thc- i -  cement
or bitumen can be used to upgrade this material.
However , only cutback asphalt is readily available.

(3) After the temperature of the in—place soil has been
determined to be 110°F , an sc—800 cutback asphalt
is selected from Figure Ta based Dii a temperature of
110°F and 20 percent passing the No. 200 sieve .

( 1 4 )  An estimated asphalt content of 7 .5  percent should
be used as determined from Figure 6b.

( 5 )  Since the estimated quantity of asphalt (7 percent )
determined in step ( 1 4 )  does not include the so1Ve-st
in the SC—800 cutback asphalt , a correction must be
made. Figure 7b shows that an 50—800 cutback as-
phalt is approximately 70 percent asphalt cement and
30 pe r cent fuel oil. Therefore , the quant i ty  s-f
cutback asphalt (sc—800) should equal the originally
estimated quantity of asphalt cement (7.5 percent )
plus 30 percent of thi s estimate or 7 .5  + 2 .2 5  per-
cent , which equals 9.8 percent .

(6) A design thickness of 12 in. is then determined Irons
Figure 8. Th is thickness is based on a subgrade
strength of 10 CBR and the design curve presented
for roads , Curve 14 .

d. Example 14.

(1) A unit is to provide an expedient a i r f ie ld  capable
of withstanding O—Vl aircraft traffic. The pre-
liminary site investigation indicates that the soi l
classif ies as GM according to the USCS and has a
natural soil strength of 23 CBR and that drainage
conditions are sa t i s fac tory. The extended weather
forecast indicates tha t  rain can be expected 50 per-
cent of the time for the next 60 days.
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( 2 )  From a study of the design curve for O—V l a i r c r a ft
(Figure 8), it can be seen that a 23—CBR soil
strength is adequate. However , a reduct ion in
strength can be anticipated due to the pred icted
rainfall.

(3) A serviceable airfield can be constructed on this
site and expected to remain operable during the pre-
dicted rainfall if (a) the site is shaped to the
proper crown and grade, (b) an adequate drainage
system is provided , and (c) the surface of the air—
field is waterproofed.

( 1 4 )  Because of the aggregate or coarse—grained natural
soil , a single or multiple asphalt surface treatment
shoul d be applied to waterproof the a i r f i e ld .

29
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PAR T IV : CONSTRUCTION TECHNIQUES AND PROCEDURES

Mixing Methods

31. In general , the construction procedure for stabilizing soils
after a method has been chosen consists of pulverizing the soil to the

desired depth , adjusting the moisture content and adding the chemical

stabilizing agent and/or required soil types, thoroughly mixing the

added materials with the native soil , and compacting the uniform mixture
to the desired density. The processes of pulverizing and mixing are the

most important steps in the entire stabilization operation. Considerable

care should be given to the selection of the appropriate equipment for

these steps , and field personnel should be well versed in the proper

operation of this equipment .

32. Both in—place and central—plant mixing operations can be used

in soil stabilization construction. Central—plant mixing operations ,

either a continuous—flow type or a batch—type mixing plant, usually

result in a more uniform and thoroughly mixed stabilized soil; however ,

the additional costs and equipment requirements often make central mix-

ing impractical for TO construction. In—place mixing can be performed

with one of the following types of equi pment : traveling plant s , rotary

mixers , plows , or motor graders. A more uniform in—placed mixture can

be obtained by use of either a windrow—type or a multiple-shaft travel-

ing mixing machine ; however , if this type equipment is not available,

mixing can be adequately performed with several passes of a pulvimixer

or plow or by working windrows back and forth with motor graders. The

following paragraphs describe the general procedures for various in—

place mixing methods.

Windrow-type traveling mixing machine

33. Prior to mixing , pulverized soil is placed in uniform windrows

at predetermined intervals across a graded subgrade . The number and

size of windrows needed depend on the width and depth of treatment and

on the capacity of the mixing machine . After the windrows are formed ,

the stabilizing agent selected is applied to the top of the prepared
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soil windrow in either bulk or bag form. The mixing machine then dry—

mixes the soil and add it ive with the first few paddles in the mixing

drum , and then a measured amount of water is added and mixed with the

remaining paddles to complete mixing. The uniformly mixed windrow is

then spread wi th  a s t r ike—off  attached to the mixer or with a motor

grader. After spreading , the material is ready for compaction.

Multi ple—shaft
traveling mixing machin e

314. The only preparation required before using this type of

machine is shaping the native soil to approximate crown and grade. The

required quant ity of stabilizing additive should be placed either In
bulk or bag and spread uniformly over the surface area prior to mixing .

The mixing machine then moves forward pulverizing the soil and stabi-

lizing agent to the desired depth. When the pulverized material enters

the mixing chamber , water is added if needed , and the remaining rotors

uniformly mix the soil, stabilizing agent, and water. The mixed mate-

rial is left flat and on grade behind the mixing machine ready for

compaction .

Pulvimixers and plows

35. Before mixing with pulvimixers or plows , the soil should

first be scarified and pulverized and then shaped to the desired grade

and crown. Moisture should be added to the soil if needed during

scarification and pulverization . The stabilizing agent is then placed

in bulk or by bag and spread evenly ahead of the mixing operation . If

bagged material is being used , it should be spread in rows perpendicular

to the direction of travel of the mixing machine . The pulvimixer or

plow then mixes the soil and stabilizing agent as it moves forward.

Additional water can be applied ahead of the mixing operation either by

water pressure distributors or by the spray bar mounted in the mixing

chamber on some pulvimixers. Usually several passes of these types of

mixing machines are required to obtain a uniform mixture. Mixing should

be continued until a uniform mixture is obtained to the desired depth.

After mixing , the material should be regraded to the desired crown and

grade and then compacted .

31 
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Blade mixing

36. The blade mixi ng method consists of placing the material t

be mixed in windrows and then placing th e stabi l iz ing agent , if re-

quired , uniformly along the windrows . After the stabilizing agent has

been spread evenly on the windrows, it is mixed with the soil by moving

the windrows from side to side by successive cuts with a motor grader

blade . Several graders can operate one behind the other if the equip—

ment is available . It should be noted that the bi tumen should be

applied with a bituminous di stributor in two or more equal appl icat ions

to the flattened windrows if this method of mixing is used for bituxni—

nous stabilization . Each application is usually from 0.3 to 0.5 gal per

square yard. After the soil, aggregate, and stabilizing agent have been
thoroughly mixed , the mix should be bladed into a single windrow at or

near the center of the area being stabilized. The windrow should then

be turned not less than four complete turns from one side of the area to

the other before it is bladed to grade and crown. After  f ine—blading ,

the mixed material is ready for compaction .

Compaction Methods

37. The stability of soils is increased by compaction , since com-

paction produces a denser mass and a greater interlocking of the soil
particles. For cohesive materials, it is imperative that moisture be
controlled. For a particular compaction effort, there will be a mois-

ture content at which the greatest density will be obtained , which is

known as the optimum moisture content. An easy way of determining

approximately the optimum moisture content of a particular soil is to
press a small quantity of the mixed material between the palms of both

hands. If the material can be compressed into a firm , moist ball , the

mixt ure is close to its optimum moisture content . For cohesionless

materials, maximum density is obtained with the material s in a saturated

condition at the start of compaction . The selection of compaction

equipment depends on the type of material to be compacted. Pneumatic—

t i red and sheepsfoot rollers are best adapt ed to the compaction of
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. cohesiv e so ils . Cohesionles s soils can best be compacted by heavy

tracked tractors, vibratory compactors, or pneumatic—t in-ed rollers.

Smooth , steel—wheeled rollers may be used as necessary to maintain a

smooth surface during compaction and after finishing operations. Fig-

ure 3 indicates types of compaction equipment applicable for different

ty pes ci soil classified according to the USCS. Ideally, the best

r~~!ler for any particular job is the one which will achieve the desired

rump-action w i t h  the least amount of work . U3ually , the required corn—

pactiomi can be obtained wi th  a maximum of 6 to 10 complete coverages of

the compaction equipment .

38. Sheepsfoot rollers can genc~ally be used for initial com-

paction on all but the most granular soils. The material being corn—

pacted must be in a loose cond ition at the start of compaction so that

the feet will compact the bottom material. The thickness of material

being compacted wi th  a sheepsfoot roller should never be in excess of

the length of the shank . If the roller is properly loaded so as not to

exceed the ultimate bearing capacity of the materials being compacted ,

the roller feet should penetrate into the soil as much as 14 or 5 in. on

the first pass over a loose lift ; but , as the soil dens ifies under the
roller , the roller should begin to walk out, and , by the end of three or
four coverages , the roller should walk out to within about 1 in. of the

surface of the material being compacted. However , if the roller is too
heavy or the soil too wet to develop the necessary bearing capacity , the

roller feet will continue to penetrate into the soil to an appreciable
depth. If the roller continues to penetrate deeply into the soil after
several passes, the weight of the roller should be decreased or the

material dried slightly. After the material has been thoroughly com-

pacted to the desired depth with a sheepsfoot roller , the compacted

in surface should be fine—bladed with a motor grader and then compacted

with either a rubber—tired or steel—wheeled roller.

39. Pneumatic—tired rollers vary in gross weight from 2 ,000 to

200 ,000 lb and are either self—propelled or towed type. The roller most

used in soil compaction is probably a 50—ton roller which is equipped

with four wheels abreast . The weight of this roller can be varied from
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about 23 tons empty to 50 tons when fully ballasted with wet sand. This

type of roller is effective in compacting both cohesive and cohesionless

materials. 1t large ruts occur during compaction , the contact pressure

of the roller is exceeding the bearing capacity of the soil and should

be corrected by adjusting either the gross weight of the roller or the

t ire pressure . The desired density should be obtained after 14 to 8

coverages of the roller. A 50—ton , four-wheeled roller is capable of

obtaining adequat€. densities up to depths of 12 in. The compaction

effort of light rubber—tired rollers (10 tons or less with 7 to 13

wheels) is effective to a depth of only about 6 in.

140. Crawler—type tractors and vibratory compactors can be used to

compact cohesionless materials. The shaking action or vibration of this

type equipment reorients the grain particles into a more dense struc-

ture . Vibratory compactors are effective in compaction to depths of 2

to 14 ft in cohesionless materials , and crawler—type tractors should not

be used on layers thicker than about 6 in.

Dctails of Construction Procedures and Techniques

141. Military engineers faced with expedient construction in a TO

usually are faced with limited equipment . Knowledge of the equipment

required for a particular construction operation and of the type of

equipment that can be substituted may be a valuable planning tool , not

only in anticipating the type of equipment necessary to perform a task

but also in determining a method of improvi~~~ ~he stength character-

i s t i c s  of soils. Most of the stabilizai~~o~. -ue-ch ods presented in this

ne-port require thorough mixing of the in—place material and an additive .
-

- stral—plant mixing operations usually result in a more uniform and

~~:‘~ ugnniy mixed stabilized soil; however , central—plant mixing is

- - y lrn~p-ractical for TO construction and in—place mixing is per—

Typical in—place construction operations consist of the fol—

- - ti-~~:

Pra- p-iration of the construction area (Figure 9 ) .  

~ l : I -~ of the stabilizer (Figure 10).
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Figure 10. Spreading the stabilizer
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Figure 11. Mixing the stabilizer
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c. Mixing and watering (Figure 11).

a. Compaction (Figure 12).

e. Curing (Fi gure 13).

Detailed construct ion steps for in—place mechan ical , chemical , and

waterproofing s tabil izat ion methods are inc l ude -c below .

Mechanical stabil izat ion

142. Preparation.

a. Shape area to crown and grade .

1. Scarify , pulverize , and adjust moisture content of soil ,
if necessary . All deleterious material such as stumps ,
roots , turf , etc., should be removed.

C. Reshape to crown and grade .

143. Addition of deficient materials (if necessary ). Use one of

the following methods :

a. Distribute evenly by means of an approved stone spreader.

1. Use spreader boxes behind dump trucks.

c. Tailgating each measured truck , load to cover a certain
length.

ci. Dump in equally spaced piles , and then form into windrows
with a motor grader prior to spreading .

1414 .  Mixing.

a. Add water if required to obtain a moisture content of
about 2 percent above optimum , and mix with either a
traveling mixer , pulvimixer , blade , scarif ier, or plow .

1. Mixing should continue unti l  the soil and aggregate
particles are in a uniform well—graded mass.

c. Blade to crown and grade (if needed).

145. Compaction.

a. Ini t ia te  as soon after mixing as possible to prevent loss
of moisture by evaporation .

b. Use sheepsfoot roller , pneumatic—tired roller , or crawler—
type tractor;  f i n i sh  with steel—wheeled rollers or light-
weight pneumatic—tired rollers.

Lime s tabil ization

146 . Preparation.

a. Shape surface to crown and grade .

1. Scarify to specified depth.

37
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Figure 12. Compaction of stab ilized material

Figure 13. Applying asphalt membrane to prevent
moisture evaporation from stabilized layer dur—

ing curing



c.  Partially pulverize soil.

d. Remove all deleterious materials  such a-.; nntump s,
roots , turf , e t c . ,  and soil—aggregate part icles I a n - —
ger than 3 in.

1+7. Lime spreading. Select one of the following methods arid use

about one—half of the total lime required :

a. Spot paper bags of lime on the runway , empty the bags ,
and level the lime by rake or drag .

b.  Apply bulk lime from self—unloading trucks (bulk trsc~ s)
or dump trucks wi th  spreaders .

c.  Apply the lime by slurry (1 ton of lime to 500 gal of
water). The slurry can be mixed in a central plant or
in a tank truck and distr ibuted by standar d water or
asphalt tank trucks with or w i t h o u t  pressure .

148. Preliminary mixing, watering, and curing . *

a. Mix lime and soil (pulverize soil to less than 2—in.
particle size exclusive of any gravel or s tone) .

I. - Add water. (Caution : The amoun t of water ne~ ~ to be
increased by approximately 2 percent for lime stabili-
zation purposes.)

c. Mix the lime , water , and soil using rotary mixers (or
blades).

d. Shape the lime—treated layer to the approximate section .

e. Compact lightly to minimize evaporation loss, l ime
carbonat ion , or excessive wett ing from h c-a --ry r a in s .

f .  Cure lime—soil mixture for 0 to 148 hr to permit the-
lime and water to break down any clay cl-sun . ~r
t r emely plastic clays , the cur ing s e rij J  :say bc-~~ - x 1 e -n se-~
to 7 days.

149. Final mixing and pulverization.

a. Add remaining lime by appropriate method.

b. Continue mixing and pulverization until all of the clods
are broken down to pass a 1—in, screen and at least
60 percent of the material will pass a No. 14 sieve.

* Lime stabil ization of certain soils can be successfully accomp lished
without this step (preliminary mixing , wate r ing , and curing). This
construction step is necessary only when highly plast ic clays are
stabilized. The first application of lime will make the soil more
workable , and the final mixing and pulverization will be more
efficient .
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s . Add water , if necessary , during the mi ring ani pUlveri~~~—
tion proc ess.

50. - ui -is:tct - ion .

a. begin compaction immediately after final mixing .

b . Use pneumatic—tired or sheepsfoot rollers.

51. 1-inal cur ing.

a. Let cure for 3 to 7 days.

b. Keep surface moist by applying water or an asphaltic
membrane .

Cement s tabi l iza t ion

52. Preparation.

a. Shape surface to crown and grade .

1. Scarify ,  pulver ize , and prewet soil , if necessary. All
deleter ious material such as stumps , roots , turf , etc .,
should be removed.

c. Reshape to crown and grade.

53. Cement spreading. Use one of the following methods :

a. Spot bags of cement on the runway , empty the bags , and
level the cement by rake or drag.

b. Apply bulk cement from self—unloading trucks (bulk trucks )
or dump trucks with spreaders.

514. Mixing.

a. Add water (see paragraph 714) and mix with either a
single—shaft mixer or a multiple—shaft mixer .

I. Mixing can be performed by processing in 6— to 8—ft—wide
passes (width of mixer )  or by mixing in a windrow.

c. Continue mixing and pulver izing until  all of the soil—
cement mixture will pass a 1—in, screen and at least
80 percent will pass a No. 14 sie~re , exclusive of any
gravel or stone .

55. Compaction.

a. Begin compaction immediately a f t e r  f inal mix ing , other-
wise cement may hydrate before compaction is completed.

b. Use pneumatic—tired and sheepsfoot rollers; finish sur-
face with steel—wheeled rollers.

56. Curing. Apply a bituminous material at a rate of approxi-

mately 0.15 to 0.30 gal per square yard. Curing may also be accom-

plished by covering with about 2 in. of soil or thoroughly wetted straw .
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Bituminous  s t ab i l i za t ion

57. In—place s t a b i l i z a t i o n  using b i tuminous  matl r-lals e- an~ be

performed with a traveling plant mixer , a rotary—type mixer , n - a ljia-le .

The methods for using these m i x e -r s  are outl ined below :

a. Traveling plant mixer.

(1) Preparation u i  roadbed: The roadbed e-ii which the
mixed mater ial  is to be blaced must be shaped and
compacted . A prime coat should be applied on t he
roadbed and allowed to cure . Excess asphalt from
the pr ime coat should be blotted with a light
application of dry sand .

( 2 )  Aggregate preparation:  The aggregate is usually
hauled to the job and windrowed by hauling trucks ,
spreader box , or blade.

(3) Adding asphalt: Asphalt is added to the windrow
by an asphalt distr ibutor truck or within the
traveling plant mixer .

( 14 )  Mixing : Several types of single— or mult iple—pas s
shaft mixers are available.

( 5 )  Aeration: Work the material unti l  about 50 percent
of the volatiles have escaped; a blade is of ten  used
for this operation .

(6) Spread to uniform grade and cross section.

(7) Compact.

b. Rotary mixer.

(1) Prepare the roadbed as explained above for the
traveling plant mixer .

( 2 )  Spread aggregate to uniform grade and cross sec t ion.

(3) Mix the aggregate by one or more passes of the mixer .

( 14 )  Add asphalt in increments of about 0.5 gal per square
yard and mix. Asphalt can be added within the mixer
or with a distributor truck.

(5) Make one or more passes of the mixer after each
addition of asphalt .

(6) Maintain the surface to grade and cross section by
using a blade during the mixing operation.

(7) Aerate the mixture .

c.  Blade mixing .

(1) Prepare the roadbed as explained above for the
traveling plant mixer .
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(2) Place the material in a windrow .

( 3)  Apply asphalt to f la t tened windrow with a distrib-
utor truck ; it is best to use a multiple application
of asphalt.

( 14 )  Mix thoroughly with a blade.

( 5 )  Aerate the mix .

( 6)  Move the mixed windrow to one side of the roadway .

(7) Spread the mixture to proper grade and crown.

(8) Compact the mixture.

Central—plant construction methods

58. Although central—plant mixing is desirable in terms of the

overall quality of the stabilized soil, it is not often used for TO
construction . Stabilization with asphalt cement , however, must be

accomplished with a central hot—mix plant. The construction methods

for central—plant mixing that are common for use with all types of

stabilizers are given below :

a. Materials storage areas.

(1) Prepare storage areas for soils and aggregates.

(2) Prepare storage area for stabilizer.

(3) Prepare storage area for water.

b. Mixing (Figure 114 ).

(i) Prepare area to receive materials.

(2) Prepare mixing areas.

C. Hauling. Accomplish using trucks.

d. Placing (Figure 15) . Use a spreader box or bottom—dump
truck followed by a blade to spread to a uni form
thickness.

e. Compaction. Use steel—wheeled , pneumatic—tired , or
sheepsfoot rollers, depending on the material.

f. Curing. Provide an asphaltic membrane for cement—
stabilized soil and an asphaltic membrane or water for
lime—stabilized soils.

Surface waterproofing

59. Preparation.

a. Shape area to crown and grade .

I. Remove all deleterious materials such as stumps, roots ,
turf , e t c . ,  and sharp—edged , soil—aggregat e part icles .
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Figure 114. Central—plant mixing
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Figur e 15. Placing of central—plant—mixed
stabilized soil with spreader box
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60. Mixing.

a.  Adjust wacer content to about optimum to 2 percent below
optimum and mix with a traveling mixer , pulvimixer ,
blade , scarif ier, or plow .

b. Blade to grade and crown .

61. Compaction.

a. Begin compaction af ter  mixing .

b. Use pneumatic—tired or sheepsfoot rollers.

62. Membrane placement.

r a. Grade area to grade and crown and cut anchor ditches .

I. Use motor grader.

c. Roll area with a steel—wheeled roller or a lightweight
pneumatic—tired roller.

d. Place neoprene—coated nylon fabric or polypropylene—
asphalt membrane .*,**,t

MESL

63. Details of procedures for MESL—type construction are avail-

able in Instruction Reports S_Tl_l* and S_ 69_ 5.**

Const ruction Hints

6 14. The d i f ference between a good stabil ization job and a poor

one is often a matter of a few seemingly minor details. Some of these

have been discussed previously , but they are mentioned again below along

with others which should assist the engineer in accomplishing a satis-

factory job.

Preparation of roadway

65. Shaping the roadway to proper crown and grade before con-

struction starts is particularly important if the in—place soil is to

be used. There will be little displacement of the soil durin g

* Joseph and Webster , op. cit.

** Burns and Brabston , op. cit.
t S. G.  Tucker and B . H. Grau , “Description , Placement , Maintenance ,

and Recovery Instructions for XW18 Membrane ,?? Instruction Report
S—70—14 , Jun 1970, U. S. Army Engineer Waterways Experiment Station ,
CE , Vicksburg , Miss .

1414 



-
~

---
~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

jrou ~-nsiiig , so t i n e -  grade- at the beg inn ing  i i :  c nn-sta n -  2 - n will

determ ine the f1110 L grade--.

Uo. Wheni b- u-row ~;cil is used 101- ;t-~bi i : n ti -u1 , i t  -niu ni j b

i Laced on a we-i 1— cump ac ted  and accurately graded nubgr -uu+ _- . II the sub—

g n-adc is not p-rope-d y compacted , it will br im p o s s i b l e -  to obtain o n e - —

lus. te compaction in the overlying stabilized m a t e r i a l  , r e su lt i n g  in low
s ta bi l i seu  soil s t rengths .  Also , if the subgrade is not at procer

grade , the s tabi l ized layer wil l  not have a uni form th i cknes s .

67. When other equipment is not available , the roadway can be

scarified and pulverined using agricultural equipment (discs , plows,

etc.). However , t his equ ipment is of ten underpowered for th is  type of

cons t ruc t ion . The use of several additional passe s may help , or thin

l ift s  can be s c a r if i e d  un d moved to t he side of the road until the

desired depth i,s pulve r i zed .  Proper equipment is necessary for 1-apid ,

ef f i c ien t  pulverization, but proper moisture content is also ne :essary.

If dry and br i t t le  soils are d i f f i cu l t  to pulverize , they can often be

broken down by f i r s t  adding water and allowing it to soak in.

68. During roadway preparation , it is important that adequate

dra inage be provided at all times. Thirty minutes devoted to i n su r i n g

adequate drainage rather than ponding may save days of construction and

operating time if rain occurs.

Dist r ibuting stabilizer

69. Although bulk distribution or distribution of the stabilizer

in the mixing equipment gives the best results, spread ing of b a gn :-d lime

and cement can be accomplished satisfactorily p r u v i ieu adeduate labor is

available . Wags should be spotted transverseLy anal ion i t u d i n a l  l y  at

regular , predetermined intervals. W i n e - n i  the bags ire - opened , the cn n—

tents  should be dumped to form t r ansverse  windrows , which are then

spread longitud inally by a harrow or drag or similar equipment .

70. ftabilizer spreading on windy day s can be irnnig0000s if

caus t ic  materials are used . Dis t r ibut ion of lime in the slun-n-y form

should be en couraged to prevent lime from blowing;  h ow e v e r , slur ry

distribution cannot be accomplished if -n wet soil is e - ii- 0Zinht~re - 1.
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M i x i ng

71. A uniform mixtur e of the stab ili zer , soil , and water is

extremely important . Improper mixing can ofteni be spotted by he - cn~ Lri g

at regular intervals before compac tion to ins pect t h e  color of the- suit—

cement mixture in trenches or holes carried to the full depth of toe

treatment . A uniform texture and color from top to bottom indicates

a well—mixed material . Streaks indicate improper m i x i n g .

72. Mixing can be accomplished with agricultural equipment such

as plows and discs , but th is type of const ruc t ion  takes more t ime th- ~~r n

that with a proper stabilization mixer. Thin lifts and/or numerous

passes of the equipment may be necessary .

73. When the depth of lime stabilization is 12 in. or more , a new

technique termed ? ? deep plow lime stabil ization? ?  may be used . As shown in

Figure 16 , a large plow which will penetrate to 214 in.  or more is used to

turn the soil over and dis tr ibute the lime to the depth of plowing. When

the lime reacts on the soil to reduce its plasticity and incr ease its

workab ility , the mixin g become s more e f f i c i e n t  although probably not as

good as the same operation with proper stabilizat ion equipment. For

this  reason , the upper portion of the layer is usually mixed and com-

pacted with more conventional equipment . However , this  method can save

considerable time and effort when greater depths must be stabilized.

714. It is always important to maintain adequate water in soil—

lime and soil—cement mixtures .  Usually , at least 2 percent additional

water is needed for the dry stabilizer alone , and more water may be

needed if the stabilizer increases the optimum mo i sture content of the

soil , as often happens with lime .

75. With cement—stabilized soils , it is important that any soil

mixed be compacted during the same day . If allowed to remain overnight ,

the soil—cement will set up and be impossible to work or compact the

next day .

Compaction

76. Compaction equipment should be selected to match the soil
type and toe type of s tabil izer.  Sheepsfoot and pneumat ic—ti red

rollers are often used when lime or cement stabilization is used.
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