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ABSTRACT

The General AASIIO Road Test Equat,ion
Ey e: ,'1. r*FAE-a;t-T.-Fuffi

fa. -

To Arkansas Co it ons
Givil EngineeringFinaI Report,

DepartmenE, University of Arkansas; Highway Research Projecc No. 20;
June 1970.

Pavement serviceability and deflection characteristics were det,ermined
fot 27 test sites on various Arkansas highways. The CHLOE profilometer
was used to quantitatively iate the serviceability of the tesE secEions.
The Benkelman beam, equipped with a recorder to provide a conEinuous
analog trace of the deformaEion curve, was used as an indicaEor of pave-
menE cornposite st,rength. Area1 and linear paramet,ers of the def lection
curve charEs were det,ermined.

The serviceability measurements did not indicate any definit,e trends
for the two measurement periods. A mathematical model was developed to
describe Benkelman beam deflection traces. The deflection parameters
were used to det,ermine the resisEance of pavement cornponents to sharp
curvature (stiffness). A procedure to evaluate the AASHO maEerial coef-
ficients by the use of the stiffness coefficienEs was presented.

California R-value determinat,ions were made for various groups of
Arkansas soils. Granular mbtertals (crushed st,oner sand, gravel) exhibited
sEatisEically consEant R-values for each group. A modification of the
t,est procedure was suggeste:d to allow co'rnplete saturat,ion of silt soils.
There was no noticeable correlation between the R-vaIue t,est, results and
the AASHO material coefflcients.
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ST.IMMARY

Subsequent t,o the compleEion of the AASIIO Road Test and publication
of the findings, a satellite study h,as. organized to adapt the AASIIO clesign

procedures to Arkansas conditions. The research was orient,ed t,oward (1) eval-
uation of the group index/soil supporE relationship, and (2) establishmenc

of pavement design coefficient,s for Arkansas flexible pavement componentse

Soil materials !,rere t,ested with respect, Eo. gradation analysis, At,t,erberg

limits, and California R-vaIue. Serviceability rat,ings and deflection
characteristics were det,ermined for highway pavement, sections. The CHLOE

profilometer was used to evaluate the pavementst serviceabilicy and the
Benkelman beam was used as ari indicat,or of composite strengEh.

Test results did not, yield a valid relationship between group index

and soil support values. A mathematical model was developed that relat,ed
gradation, void ratio, and pLasticicy index to'the soil support,. In the

course of this development, a procedural change was recommended for R-value

testing to enhance soil sat,uration. Granular materials (gravel, sand, and

crushed stone) exhibited staEistically constant, R-values for each group.

An investigation of high sErength pavement, components disclosed that the
R-value test equipmenc and procedure is noL valid for materials which
possess high resisEance to lateral deformation,

The narrow range of R-values exhibited by the AASHo Road Test ma;erials
precluded the determination of any relat,ionship of these materials and
Arkansas materials. The serriceability measuremenEs indicated no significant
trends to relate Pavement deterioration.and applied loads during the two
year t,est period. A generaL mathemat,icat model was developed to describe
the strain curves produced by the recorder of the Benkelman beam. The
deflection characteristics were used to det,ermine the pavemenE componentsr
properties to resist bending deflecEion (stiffness).

A review of the stiffness coefficient,s and the pertinent dat,a for
each test section indicated the validity of the stiffness analysis. The
results of this research did noE warrant any suggested modification of the
AASHO pavement design procedure. It was concluded that deflecEion research
to evaluat,e the design, materiaLs, and construction meEhods would be bene-
ficial.
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CHAPTER I

CONCLUSIONS AI.ID RECOMMENDATIONS

Based on the research findings described in the fo.l"lowing chapEers,

the auchors submiE Lhese conclusions and reconrnendat,ions:

Goncl.usions:

1. The result,s of highway performance measuremenEs wiEh the CHLOE

profilomet,er cannoE be used E,o det.etmine yearly losses of

serviceability'. The response of the serviceability equat,ion was

not, sensitive to smalI changes of the. quantiEies over t,he two

year period. ( tv, 2g1rt

2, It, is not possible to'relate the subgride soil support, values

to the group index values withouE large margins of error.

(rv,14)

3. Soil support values can be predicted from routine laboratory

tests; i.e. Atterberg Limits, gradation analysis, specific

gravity and compact,ion characteristics. (tV, 14)

4. Granular materials (gravel, crushed stoner afld sand) Possess

statistically constanE R-values for each material group.

(rv, 17)

5. ltre R-value test equipment and procedure is not valid for

materials that exhibit greater Lateral resistance to movement

that does crushed stone. (IV, 18)

6. Insuf f iciency of data p'recluded Ehe utilization of a fact,orial

analysis to study che AASHO materiaL coefficient designation

for Arkansas maEerials. (IVr20)

* Refer Eo the chapEer and page number, respectively, for discussion
of this conclusion"
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T.ThemaEerialstiffnesscoefficienE'sthatweredeE'erminedfor

Pavement comPonent's describe their ProPerties to resi'st bending

deflection. (VI,36)

S.Themathemat,icaldeflecEionmode].forlayersysEemsadequately

describes the pavement deflection' (v'24)

g.Themathemat'icalmodelusedt,odescribethe,continuousanalog

tracesoftheBenkelmanbeamisanadequaterePresentat'ion'

(v,27)

10. Computer Programs discussed within the texE are not submitted

withthisrePortbec'auseofthelackofcompaEibilityofcomputer

facil'ities' 
Ls t""t"t"n' no modifications are

11. Based on the results of thi

reconrnended for t'he AASHO design procedure

RecorrnendaE ions:

l.Futurepavementresearchprojectsshouldhaveactualtraffic

studies (when required for analysis) rather than estimated

data. (aPPendix C'84)

2.TheR-valueEestprocedureshoul.dbechangedforsiltsoils

to allow complete saEuraEion of Ehe soil sample' (IV'16)

3. The consrrucrion of specificaLl-y designed test secEions for

futurePavementdesignevaluationstudieswouldbebeneficial.

4.SErictcontrolofpavementsLructuralcomponents'placemenEand

methods of manipulation should be foLlowed'

The use of the AASH9 design procedure wiEh t.he PresenEly assumed
5

values for Arkansas materials is recommended for highrvaY design'
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6. validaEion or modification of the AASHO design procedure from

cont,inued research based on the stiffness properEies of pavement

cornponent,s is suggested. .

7. The purchase of a dynamic deflection measuring instrument is
reconrnended to assist in.the evaluation of pavement performance.

rf possible, .he electronic sensors shour.d be spaced at six
inch intervars within the initial distance of Ewo feet from the

I'oad. The location of a sensor under the center of the load

wouLd be beneficial:

8. The determination of the ambient and:pavement surface temperat,ures

during deflection measurement,s should.be included in future
t'

stud ie s

MoisEure regime and placement charact,erisEics of t,he pavement

components should be determined at the time of def lection

mea surement s .

9



CIIAPTER II

HIGHWAY RESEARCH PROJECT 20

The fu\Sllo Road Test at, Ot,tawa, 11linois, i.ras the third (Refs. l and 2)*
fuIl scale test, of pavement behavior under cont,rolled cruck t.raffic t,o be

administered by the Highway Research Board. This test prograo was con_

ceived and sponsored by the Arnerican Association of Scace Highway officials
as. a study of the performance of highway pavement scructures.

Resulcs from the AAS}IO Iioad Test were sEarisEically ana lyzed and a

subsequent rtreconrnended design procedurerr (Ref. 3) was published. The

incent was not to establish a univefsal design.equat.ion, but to report
general performance/design relationships as indicate.d by the road test.
To this end the final AAsHo reporr, contained the following caugion:

. Generalizat,ions and ext,rapolations of the findings to con-
ditions other than those that, existed at t,he Road Test should' be based uPon experiment,al or other evidence of the effect,s
on pavement performance of variations in climate, soil type,
materials, construction practices, and traffic. (Ref. 4;

Ucilization of the design procedure by the individual scate highway

departments would require modifications for differenu materials, cest

procedures, climace, and loadings.

rn an effort, to urilize currenr, technolggy, t,he Arkansas Highway

Departmenc, in cooperaEion with the Bureau of Public Road's, authorized

a PavemenE performance study - shtellite co the AASHO Road Test - to adapg

the general AASHO Road Tesc equation to Arkansas conditions. The

*Re fe rs to the number of the referenced publicacion in the bibliograplrl.,
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contracEing agency aut,lrorized to conduct, t,he investigation, Ilighway

Research Project. No. 20, was the civil Engineering Departmenc of Ehe

University of Arkansas. The scope of the research project was divided

int,o t,hree phases3 r., to invest,igat,e Ehe possiuility of obtaining soil

support, values from the group index; II. r Eo scudy the estimat,ed values

for coefficienEs of pavement components, to evaluate. their applicabilicy

Co Arkansas conditions, and c,o est,ablish values of new coefficienc,s for

Arkansas maEerials; rrl. e t,o review, verify, and/or modify the result,s

obtained in Phases I and II by analyzing Ehe resulEs of field observat,ions

and laboratory test, data (Ref.5). These three phases are discussed in

the following paragraphs..

The accomplishment of Phase I required the sampling of various types

of material throughout the sEate that mlghE be used as highway subgrades.

Laboratory t,esEs of the soils were used to det,ermine t,he group index and

the modified resistance value, California R-value (refer to Ref. 6 for

descripcion of the R-va1ue tesE). Since soil resistance (to lateral

deformation) had been previously correlated with soil support (Ref. 7),

the degree of association between group index and soil resistance would

have provided an indication of the validiuy of obEaining soil support

values from the group index'numbers" If the prediction of soil resist,ance

from rhe SrouP index proved inconsistent, an alt,ernate ryrocedure of using

the R-value t,est would be proposed.

The purpose of Phase rr wis to srudy the coefficienE values of

PavemenE comPonenE,s. Evaluat,ion of the applicability of the AASHO coeffi-

cients to Arkansas condicions and es't,ablishmenc of values f or Arkansas
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materials was t,o be determined mathematically. If possible, Ehe curve

of best, fit relacing Ehe R-value of pavement, components to the coeffi-
cients for the Road TesE mat,erials would be.detennined, and a predicEion

curve relating R-value and component coefficient,s would allow det,erminaEion

of coefficients for Arkansas mat,erials. These materials were chosen

from sources that were in current use by the Arkansas Highway Department,.

Phase III was the field investigacion of the composite strengrh and

.loss 
of serviceability of flexible pavements. From the results of phase

III, refinement, modification, and/or verification of the inE,ermediate

results fronr Phases I and II were primary objectives. Composite strengt,h

was indicated by Pavement deflection parameEers as.measured by the Benkelman

beam and serviceabiliry was rated by Ehe cHLoE prof iLonret,er.

Port,ions of exist,ing pavement,s were selected for detailed study with

respect to the st,rengths and thicknesses of pavement materials, the

acctrmulated equivalent 18-kip axle loads carried by the pavements, Lhe

time incerva,ls over which che axle loads srere accumulated, and ghe service-

ability indices of the pavements. These variables were selecEed on the

basis of their interrelationships exhibited in rhe resulgs of the'AASHO

Road Test

Test site select,ion was based on t,hese crit,eria, (1) approximate

length 2100 feet i <2) excrusion of sections invorving rarge cut,s and

changes from cut,s t,o f ilIs in the const,ruct,ion process; (3) horizontal

and vert,ical curves and drainale sEruct,ures r{ere avoided when possible.

A cotal of 37 test sites were initially investigated. For various reasons

(refer to Appendix A), the loss of 10 test sites occurred during a rhree
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year Period.

A ful1 factorial experimencal design was proposed. The primary

cont,rol variables were t,he strengths and thicknesses of the various

Pavement comPonenEs. The secondary cont.rol variables wbre the accumu-

lated axle loads and the time over wh.ich the axle loads were applied.

The performance serviceabilicy index was the single response variable.
I

Highway Research Project Nor 20 was apprdved June I, L964, for a

period of five and one-half years. A six monEh extension was granted

to allow additionar time for daEa analysis and conclusions.



CHAPTER III

AASIIO ROAD TEST

The AASIIo Road Test near ot,t,awa, rllinois, was conducEed during a

t$ro-year period to provide research data useful in the design of service-

able highways at, minimal cosr, (Ref. 8). Highway designers acknowledged

the association bet.ween pavemenE structure and ihe magnit,ude and frequency

of loadsl but not in a quantitative relationship. The scope of the project

was limited t,o a few important'variables (as reconrnended by highway

engineers) in an effort to obtain maximum usabld data. Statisticians

served in an advisory capacity during design and .analyzed che data upon

completion of tescing.

The object,ives of the AASHO Road Test related to flexible pavemenr

design were (Ref. 8):

(1) To determine t,he signif icanE relationships between the nr.nnber

. of repeEitions of specified axle loads of different, magnitude
and arrangement and the performance of different thicknesses
of uniformly designed and construcEed asphalE,ic concrete on

different thicknesses of bases and subbases when on a basement

soil of known charact,eriscics;
(2) To make special srudies dealing with such subjects as paved

shoutders, base types, pavement fatiguer tire size and pressures,
and heavy military vehicles, and to correlate the findings of
these special sEudies with t,he result,s of basic research;

(3) To develop instrurnentat,ion, test, procedures, data chart,s, .graphs,

and formulas, which would reflect the capabilities of che various
test sections, and which would be helpful in future highway
design in the evaluation of the load carrying capabilities of
existing highways.
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Six test loops were constructed and subjected to various traffic
iloads. The design of the. tangent sectlons of the loops was varied in the

t,hicknesses of surface, base and subbase.' Extreme caucion was exercised

during construction to assure conformit,y of the test sections with the

design specif icaEi ons.

The principlc objective o[ Lbe AASI{O Roatl Test required <letenninaLign

of relationships between performance under specified traffic and the design

structure of certain pavements (Ref. 9). The pavement serviceabiliry
was defined as rhe ability of a pavement, section t,o serve traffic. per-

formance was related to the pavement serviceabi.lity over a period of

Eime; io€. 3 decrease in serviceability was inferred as a decrease in
pavement, performance.

A rating panel was chosen from all areas of interest, in highways

to rate existing pavement sections r^rith regard to the present ability to
serve traffic. Results from t,he rating panel were compared with measured

physical quantities and the following mat,hematical combinat,ion of variables

was determined to rePresent the Presenc serviceability Index.(fsf1(nef. 9):

psr = 5.03 - 1.g1 109(1 + sv) - 1,38 Ro2 - o.o1 .lc + p- (Eq. 1)
SV - mean slope variance

RD - average rut depEh

C + P - cracking and patching per 1000 fr2

The term slope variance (sv1 is rhe sunrnary statisric of wheel path

roughness as measured by a 1ongitudinal profilomet,er.
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The relationships between craffic serviceabiliry ancl componenc

thicknesses were described by rhe general AASHO Road Test eguat,ion

(nef.4):

G=10g c0.-P

Go-ct
R<rorw-1ogp)

G - a funct,ion ial". logarictrn) of. rhe.rario.of loss in

serv'iceabilicy at 'bny time to the total potential loss

a function of design and load variabres that influences

the shape of the P vs. W serviceability curve

a function o'f design and load variables that denot,es the

expected number of axle load applications t,o a service-

ability index of 1.5

serviceabiliry at a given t,ime

lnitial serviceabiliry value, and

senriceability level (1.5) at which test sections were

removed from the tesE.

For weighted load applications,

R = 0.40 + 0.081(L +L )
3.23

2

5. 19 3.23(sn + r) L2

and

P = to5'4' (r* + 1)9'36 L
4.33

,2

R-

w-

P-

P-

co-

cl -

(
1

L +
'z)

4,79
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ln which

L
1

- load on one single-load axle or on one t,andem-axle set,

in kips

- axle code, 1 for single I 2 for t,andemL
2

SN - strucEural number = a

,lt^2r"3 coeff icients determined in the Road Test

DLtDzrD? thickness of surface course, base course and subbase,

respect ive1y.

Evaluat,ion of the conscants aird detennination of exponential powers were

possible because of the experimental design prbcedure employed. Results

of the esEimation of the pavement component coefficients (arrarrar) were

published for the specific mat,erials used in the construction of the Road

Test.

Utilization of the general MSHO Road Test equation for pavemenE

design required evaluation of several factors pert,inent, to a geographic

location (usually a stat,e). 'These factors were; tetminal serviceabilicy

index, soll support value, equivalent daily 18-kip axle load applicat,ions,

and regional facEors.

ltre design (terminal) ser.viceability index was def ined as the expected

serviceabilicy of the sections at the end of a specified design period.

The value depended upon t.he classification of the pavement, utilization;
.i
i.e. 2.5 fot major highwayst 2,0 or 1.5 for secondary roads. This quantity

is a function of a cost,-benefic taEio.

The soil support value r^ras representative of the strength of the

subgrade material. The implications were; Ehe stronger ghe basement

tDt*^zDZ*^3D3
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soil the less the thickness of overlaying component,s required Eo distribute
the imposed stresses to a tolerable 1eve1. various corret"'lior," exist,
berween soir support values and established s.oi1 tests (Ref. 7).

The volumetric rraffic analysis is an estimate of'traffic conditions
for the expected life of the road. Traffic was divided int,o weight groups,
and the volr:me of. each weight group was mulciplied by an equivalence
fact'or (refer Eo Appendix c). The suunation of this product predicted
the mean equivalenr daily lg-kip single-axle road applieations.

The regional factor was included to modify t,he struct,ural number

according to climatic and environment,al conditions other than those that,
exist,ed at the Road Test.

the above four fundamental design variabres were related in the
following manner: the required structural number (SN; ,." a function of
the soil support, va1ue, che equivalent daily lg-kip single axle load
applications and t,he serviceability index at the end of the design period.
The less the value of soil support, the greaEer the load applications,
and/or the higher Ehe serviceability index, che greater the structural
nurnber required to saEisfy these conditions. According to the adversity
of the regional climate and environmental effect,s upon the pavement com-

ponents, the structural ntrnber was adjusted by the regional factor to
yield the weighted'structural nrmrber (EN.). Regional factors greater than
one (1'0) ProPortionally increased the weighted sEruct,ural number. Design
of pavement comPonent thicknesses would be a process based on economic

evaluation of minimum expenditure.



CIIAPTER IV

RESEARCII FINDINGS

This chapEer is a synoptic presentac.ion of the res'ults obt,ainecl frorn

t,he research performed by the personnel of Highway Research Project No" 20.

Most of the informat,ion has been t.he subject of previous reports (as in-

dicated by reference numbers) submitced t,o the'Arkansas Highway Deparr,ment.

Phase I

The soil support value is an abstract vatue represent,aEive of the

basement soil strength. Det,erminat,ion of E,he sEruct,ural number, and con-

sequently the required layer thickness, depends upon the evaluaEion of

the soil support of the subgrade. The use of this term was introduced by

the AASHO design group and is not, the subjecE of exEensive studies in the

field of soil mechanics or highway engineering. rn actuality, the Road

Test, established t,wo values of soil support; i.e. a value of three (3.0)

was assigned to the embankment material.aE ot,tawa, and a value of ten

(10.0) was assigned t,o crushed rock. The crushed rock soil support in-

dicat,ion was Eaken frorn a test, section of thick base material of crushed

rock. The effect of the subgrade was considered negligible for this sec-

tion. A11 other possible values were est,imated to be within the scale

deter:nined"by linear int,erpolation beEween t,he two established values and

,.extrapolation below three (3.0) (Ref . 10).

After the publicat,ion of the AASHO design procedure various organiz-

ations correlated the soil support, value wich other soil tests and index

values. The scope of Phase I was to establish the degree of relacion-

ship between group index and soil support value. Since R-value and soil
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suPPort valucs indicatcd high correlat,ion, it was concluded that a gr.oup

lndex/R-value relationship (if extstent) could be used to imply soil
Bupport vatues. 

.

8o11 samples were collected from 21 of the 75 countl.es ln Arkansas"

A total of 159 samples were analyzed and the group index and R-value

sh mathematlcal models

ytelded no relacionships sultable for accurate predf"tior, of R-value

from the grouP index. Since group index was an abstract value, Lt was

dropped from the analysis and atcempts were made to relate R-value and

the resutts from the routine soll testsi 1.e. Att,erberg llmits and grad-

ation. The statistical analysis for the predlction of the R-value from

soil rests produced large confidence bands. It vras recorrnended that a

conservative design curve be temporarily used until the Arkansas Highway

DePartment acqtrired the necessary laboratory equipment to deter.mine

R-values. (Ref.11)

In later work Erwin (nef. 12) developed a mathemat.ical relationship

for soil suPPort values and the comnon soil Eest results used in highway

design and construction; i.e. void ratio, coefficient of uniformity,

plasticity index, and gradation analysls. The above mentioned parameters

were cornbined in models to predict, an intermediate index value (soil

charact,eristic nurnber - scN) for gravetl sandl siltr antl clay. The scN

was highly correlated with the R-value test results. This correlation
led to an implied relationship,between soiL support values and these

soil tests.



15

The following equar,ions were che results of multiple regression

analyses for the differenc soil groups:

Grave 1

SCN = Ot527 - 10.970 VR + 38.6LllC

- 0.130 G
3

Sand

SCN = 0.237 + 2.007 VR + tL.O4glC

- 0.130 G
3

SiIT
SCN = -52.022 + 3.475 VR - 23.3041C

- 0.158 G, - 0i313 c4 + o.og8 b5

Clay

SCN = -3.956 + L.532 VR + 11 .6SB|C

u +0.049 c - 0.064 c
21

+ 0.006 c - 0.034 c + 0.155 G + 0.432 Pr.4 5 6

-'0.050 G + 0.169 cu 1 2

+ 0,006 c - 0.034 c + 0.155 c + 0.432 Pr4 5 6

+ 0.035 c1

+ 0,155 c

+ 0.92L c2

+ 0.432 Pr
6

+ 0.706 c - 0.999 c
1 2u

VR - void rat,io

Cu - coefficienc of uniformity

G, - percenr, passing rhe 3/4 inch sieve

G, - percenr, passing the 3/g inch sieve

G, - percent passing the number 4 sieve

GO - percent passing Ehe number 10 sieve

G, - percent passing the number 40 sieve

GU - percenE passing the number 200 sieve

PI - plasriciry index,

+ 0.379 cl - 0.197 c4 + o,.og2 c5 + 0.056 G6 + 0.036 pr

Where
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The R-valuc (ac an exu<Jat,ion pressure of 240 psi) was'predicted by using

a fourth degree polynomial

R24O = 82'g4B+ 0.031(SCll) - 2.7.77(sCll)2 + o.2oo(scN)3 - o.oo5(scN)4

A correlat,ion coefficient of 0.95 resulted fronr compating chis equation

and the measured R-values. The use of R-values determined at an exudation

pressure of 300 psi did not yield a bet,ter correlation.

A subsequent analysis of t,he statistical residuals indicated that the

measured R-va1ue of silt soils was higher than the predicted tesc results.
Laboratory investigat,ion revealed that the suggested met,hod of proctucing

saturation was not sufficient, for these soils. An alternate procedure

of total inrnersion of the soil sample while remaining in Ehe expansion

Pressure device was ProPosed. Results from these tests reduced the residuals

and indicated a closer compliance with the desired physical condition;
required by the R-val_ue tesc procedure.

The use of Erwinrs results could be beneficial to organizations t,hat

do not have the means to determine soil support.values fronr the established

met,hods rePorted by Langsner (Ref. 7). Since a loss in predicting accuracy

is inherent, the implementat,ion of t,he results was not, recormended to the

Arkansas Highway Department to replace their R-value Eesting program.

Perhaps the most significanE. finding from Erwinrs work was ghe proposed

modification in the R-value t,est, procedure for sirt soirs.
Phase fI

Coefficient val-ues have been established (by AASHO Road Test,) and pub-

lished for Lhree materials, high stability plant mix surface coursel crushed

st,one base course and a sandy gravel subbase. Samples of these materiaLs
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$'ere rcqucstcd from the Illinois llighway Departmenc to allow a laSorat,ory

lnvest'igation of the marerials ancl decermination of R-values. unfortunately,
only two materials with esEablished coefficients lrere. availabler the

crushed stone arrd the sandy gravel. A saraple of the.silty clay embankmenc

material was included for possible use.

To evalpate the applicability of the Road Test results to Arkansas

condit,ions, sources of Arkansas mat,erials were select,ed frtm various
quarries, borrow pics, plant,s producing maEerials, and roadways under

conscruction. A tocal of. 764 samples were collected from 14 differenc
sources. Gradat,ion analysise. Atterberg limics and R-value,laboratory

t.est's were performed. on the collected samples (refer to Ref. 13 for test
results). Replicate n-r"tuu i""a, were used ao in"t""se the sEatist,ical
accuracy of the results.

..The narrov, range of R-values exhibited by the AASHO materiars (72 ro 81)

precluded the. escablishmenL of any sig.rificunt relationships bet,ween

R-value and material coefficients. supplementary data points were provided

to increase the range of values by using the estimaEed coefficients of
Arkansas materials (Ref. 14). However, use of the results from such an

analysis could be nothing betrer than highly speculati.ve.

The following information was the result, of sEaristical anaryses

of certain Arkansas soil grorp, (Ref" 15):

Sands - RZqo = 70.571 f 2.LL4

Standard deviat,ion : 1.013

Crushed Stone - +R24O=82,L04:0.682

Standard deviation 
= 0.341

Bank Gravul - R24O = 78.530 t 1.303

Standard deviation = 0.652
I



l8
A confidencc int,crvat of g5 perce:rc was used Eo calcuIaEc the expcctcd
range of values' rc was concluded that there was no significanc change
for the R-values of matcrials in chese groups.

An attempt to define the upper range of the R-value test resulcs
(possible range 0 co rod) uy use of the. coefficients for stabirized mar-
erials was implemented. rt soon beca*"t rrr"r"nc that che R-value test,
could noE measure lateral resistance for values greater than thac of
crushed stone (R-value: go). However, iE did appear 10gica1 ro define
che'lowesc R-value (0) equivarent, t,o a zero material coefficienc. Thus,
using t'his assumPtion and the two R-values fr.onr the AASHO materials a

parabolic curve was established and reconmended for.use (Ref. 16). Furcher
refinement *|i .not Possible until the collection of performance results
were analyzed.

A11 of the work relating to phase rr was dependent on the assumpt,ion
thac the coefficients of relative strength were constants and could be I

related to the thickness index (structural nr.nrrber, sN) by che equation

SN = arD, * arD, * 
"3r3

The mosr widely publicized forrn of this .equar,ion is

sN - 0.44 Dl + O.L4 D2 + 0.11 D3

The numerical values assigned by AAsHo Road Test as the material coeffi-
cients were weighted averages of'alL values obtained from different roadway



19

designs and varying craffic loads. The ranges of the coefficienEs werc3

upPer

,83

.25

.11

lower we ighted
average

.44

.L4

.11

"1
33

^z
.11

"3
.09

TABLE I

RANGE OF VALUES (ner. L7)

Other suggested values for.material coefficienEs (table II) were ration-

aLized from perforrnance of wedge sections and based on engineering judge-

ment (Ref. 3.). The suggested thickness equivalences were relaEed to one

inch of asphaltic concreEe without regard t,o locat,ion within the pavement

struct,ure.

TABLE II

AASHO I"L,\TERIAL CoEFFICIENTS AND THICKMSS EQUMTENCES (Ref . 3)

The implication.chat, a two (2) fnch increase in surface course would

decrease the required crushed st,one base course by 6.2 inches is not,

always crue (Ref . 17 ). The rrconsE,antsrr det,ermined werc based on measured

AsphalEic Concrete Surface

Asphaltic Concrete Base

Cement Treaced Base, 650 psi

Crushed Stone Base

Sandy Gravel Subbase

Sandy Gravel Base

0.44

0.34

0.23

0.14

0. 11

0.07

Thickness
Equiva lence

1.0 in.

1.3 in.

1.9 in.

3.1 in.

4.0 in.

6.3 in.

Ma Eer ia 1 Sugge s ted
Coefficient
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perforrnance rclat,ionslrips. If considcrat,ion had been given t,o oEher

modes of behavior, such as deflect,ion, differcnt trconstant,str would have

re sul t.ed 
"

On the basis of che abovc discussion iE would appear useful to in-

cludc other parameters in the design equation. The elascic deformaEion

characEeristics of pavement componenLs are suggested as relative quanticies

to be considered.

Phase IfI

Prior to the AASHO Road Test,, pavemenc performance was a qualitative

measurement that, varied with rhe origin (sour.ce) of the mentioned quanEicy.

Highway designers evaluat,ed pavements in a different view than highway

users. It was required for t,he success of the Road Tesc to be able Eo

quantitatively rate t,he performance of the pavement structure. The

pavement serviceability-performance concept was designed to meet this need.

From the wide select,ion of people associated with highways (designers

to users) a panel was chosen to subjectively rat,e a series of highway

sections in three stat,es (nef . 9). The panel members were instrucEed t.o

individually rate each sect,ion on a 0.0 to 5.0 scale. A value of five (5)

indicated the best possible raEing and a value of zero (0) was indicat,ive

of a very poor pavemcnt serv.iceability. Replicate rat,ings and a random

order of revier.ring times were used to eliminate bias of the raEing panel.

. At the time of che pane.l evaluation'of a highway section, measuremerrts

were made of che physical quanc,icies of longitudinal and horizonE,al pro-

files, and the area of cracking and patching r"rere recorded. These indiv-

idual values were related to the mean value of serviceabilit.y as detcr-

mined by the panet groups. Using Eransformat,ions to linearize t,he



2L

regression coefficients, a predicEing equat,ion was esEablished Eo guan-

titatively describe Ehe ability of a pavement to serve ghe users (refer

to p 9 Chap III). The use of this equation in the analysis of the Road

Test data was necessary to derive the published r"=rlt".
An analysis of the procedure used t,o produce the PSI equation causes

the reader to question the accuracy of the final form. The scactergrams

present,ed for rut, depch and cracking and patching indicate a large

variance for the regression coefficients of t,hese parameters. Alchough

the cont,ribuEions to the psr (or from the psr) are srna.llr Ehey are not

negligible quant,ities (Figures l and 2). The proposed rat,ing scale from

0 to 5 produced a range of, mean values from 0.9. to 4.4 by the panel. The

independent variable for the regression analysis was the mean service-

ability rat,ings by the panel but these values had a standard deviation

of 0.46. Thus, the independent variable was not established as an rtexact

valuetr. The statistical residuals between the PSR (Present Serviceability
Rating - by panel) and the psr were 0.30 for an average value and the

correlat,ion coefficient indicates that g4% of the t,otal variation was

explained by the PSI equation.

I'Ihen considering a typica.l pavement'designed for failure at p : !.5
wirh a construct,ed iniEial value of.4.2, and a 10 year design, it appears

reasonable that yearly measuremenEs of PSI would not yield definite trends.

Figure 18 of Ref. 9 indicaces EhaE Ehe pavement, sections at t,he Road Test

did not deEeriorate gradually, bit exhibited a sudden loss of service-

ability. AIso, ir should be mentioned that t,hese plorted points are

the resutEs of smoot,hing techniques which t,end t,o mask the varying

nature of the original data (Ref.4)"
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The CIILOE profilomeEer used for Phase III of IIRP-2O was a moclel ,

developcd af t,er thc rlASIlO prof ilonreter. Many problcms were encoungered

with the operation of the mechanical.and eleccrical componentsr Con-

sequently, only three (3) sets of serviceability measurements were made

on Arkansas tesE sections. The original work plan scheduled semi-yearly

serviceability measurements. Since it was necessary for UniversiEy,

personnel to operat,e the profilometer, only yearly measurements were

possible. The three yearly measurements define the serviceability trend

for two t,ime increments of bne year.

The results of the serviceabilicy deteriuinations were not indicative

of any definite trends (refer to Appendlx A).. Many test sections exhibited

a gain in serviceability rating for the t,hree measurement,s. However,

the gains or tosses of serviceability ratings were of such smal} magni-

tude that Ehey are not, statisticalfy significant. since replicate

testing was performed, it was assurned thaE the variation was not from

the operatlon of the measuring equipment but from t,he quant,icies being

measured. The CHLOE profilometer was corretated with the MSHO profilomet,er,

which had been previously correlated with the rating pane1. Thus, t,he

failure of the CHLOE profilometer E,o be able Eo record small changes

of pavemenE, serviceability is inherent to Ehe developed procedures. In

view of t,he many sources of variation of che performance serviceability

loncept,, the performance measurements were disregarded.



CHAPTER V

MAT}IE}TATICAL DEFLECTION MODELS

A highway pavement structurc is designed to providi a smoot,h riding

surface for vehicular t,raffic. Each vehicle induces a stress within the

pavement components due to the strain (deformacion) caused by the mag-

nitude of Ioad, axle arrangemenc, tire size and pressure. The stress

distribution for the pavement materials is dependent, on the physical

Properties of the component,s and Eheir interact,ion within the strucEure.

At,tempts to rigorously define the pavemenE response and relat,ionships

have met with a very limited success.because of .the a.ssumptions required

to apply theoreEical analyses.

Even though the exact charact,erist,ics remain unknown, inferences of

sEress condiEions are provided by the strain curve. The more acuEe the

rate of change of the st,rain curve the higher the stresses developed

within a pavement, structure. " In recent, publications from Texas A and M

UniversiEy (Ref. 18) the stiffness of a marerial is defined as the ability

to resist, sharp curvature. Thus, naterials that posses high stiffness

values are desirable as pavement components. *

Det.ermination of the stiffness coefficients evolved from the develop-

menL of a mathematical model used to predict pavement deflection. For

a cornplete explanation of Ehe model derivatioir refer to Ref . t9. The

deflection of a pavement, can be described by

. n*1\i-
J._

k=1

:tActually, the ideaL materiat is one thaE will not permanently Ceform
or crack as a restllt of t,he movements, boEh load and environmenE associated,
that it. must undergo within a given period of time.

-
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where

A5t = 
co I 1

2r.
J, tt'Jtr'*t,("*t' ,z Ii0

2

*cz

"o=Do:o
n - number of layers of the pavement (exclusive of the subgrade)

CO, Cl, C, are conscants

r- - the distances (inches) from the poinr of application of
J

either Dynaflect load to the jth 
""rrro, 

(see Fig. 3)

a-. - Erterial stiffness coef f icient, of the ith lry"t

1-

Deflection dat,a from a factorially designed test'Erack provided the

means by which constants were determined and the deflection model tested

for predicting accuracy

By using previously established correlations (Ref. 20) between the

DynaflecE and t,he Benkelman beam, and dat,a set,s from the AASHO Road Test,

the deflec.t,ion model was modified for use wit,h deflections measured by

the Benkelman beam. The change was indicared by

'r=lo ?
L - Axl.e load in kips

Substitution of BO for CO into.the equaEion yielded a useful form.

Figure 4 represents an idealized deflecEion curve as indicated from

Dynaflect measurements and Fig. 3 illustrates the locatiori of the DynaflecE

sensors on the pavement, surface. Scrivner and Moore define the surface

curvature index (SCf 1 as Ehe dif ference between deflections I.I, and Wr.

a.D.
11

t
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Locat,ion of Dynaflecr sensors (1 to.5) and load (from Ref. 1g)

Figure 3
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Minimization of the SCI, whether by increasing thicknesses and/or using

additional matcrials, is the desired cnd product.

Utllizat,ion of the pavement design concept, as out,lined in the prevlous

paragraph requires a minimum of two deflection measurements of th.e same

strain curve. After attempting many modetsl the following equation was

chosen as a reasonable represent,ation of the deflection curve (as measured

by the Benkelman beam)
.n

) = Ae-kx

A - maximum measured deflect,ion

krn - const,ants to be determined for each curve

e = 2,7L8

The decaying exponential iurre has a value of Y = A at X = 0, and y = 0

ac X =@ . Also, these boundary conditions exisE: if n is greater than

1, then a poinC of inflecEion does occuri and dy/dx = 0 at X = 0. In-

corporat,ion of these facts and comparison of measured curves and predicted

curves provided the basis for model selecEion.

A

Y(x)'

Deflection Gurve Parameters

Figure 5



28

Determination of the constanEs k and n involved the use of the

measured parameters L2 and Area (A) as described ln Ref. Zl, Area (A)

ls the planar measurement of the area lounded by one-half t,he deflection
curve and L2 is the surface distance of a line from the'maximum deflection

tangent to the deflection curve (Fig. 5). A computer program was writcen

to Produce tables containing values of A and L2 f.or varying values of k
-n

and n for the equation y/A : 
"-k . The value of A is a linear scaling

factor applied in the y direction and is relat,ed to the area by

L7 L7A=J Aydx= A l ro*,
or 

Lr
AtA = I .ya*

U

From Fig. 5 it is evident that . n
A.-H

tan 0 :
L2

since tan Q is the first derivar,ive (dy/dx) evaluared at X, and y(0) =6
then

A 1
Lz

y' (x) nD-I -kx-kx e

Thus, A does not influence the value of..L2. Application of this information

is a simple process of dividing the mean area from the deflection measur€-

ments by the mean A and matching the quotient and the mean L2 with a

corresponding set of table values for k and n.

, 
The degree of curvature (f),is related go a continuous function by

d2" dx2

K-

the equation

[t + (ayla") 2)3t2



I
I
I
t
I
I
I
I
t
I
t
I
I
I
I
I
I
I
I

29

An evaluation of the curves fitted to Ehe Benkelman bcam data revealed

that the average distance from the load at which the minimum radius of

curvature (a high degree of curvaEure.)occurred was located at X = 0.5 ft.

Upon deterrnination of a predicting curvel It was'posslble Eo evaluate

the deflection at any distance from the 1oad. As prevlously mentioned

SCI=Wt -W2

where

"j 
= f(a.D. )

In theory it would be possible to det,ermine the material stlffness

coefficients for a multi-layered system, but -at Ehe present, t,ime the

research findings from Texas A and M University indicat,e that W. should

be evaluated only aE j:1and 2. Thus, onry the deflecEior,, ,lo* a tr{,o

layer pavement could be solved for the material coefficient,s according

to equat,ions

(Fq. 2) w1

(Eq. 3) w2

B
0

w
c

Bo h
b

1 .Bo

^r"'

.Bo

1

* Cr(arD, )
2t1,r' * cr(arDr)z1

"1

(arDt )

c 2

B
0 11

+

Gombining the above equations eliminate a, Iields

c
cz

2

cz 1a, D, )2 - o (Eq. 4)

t1

22

2
,r1

^2
,1

+r 2

ct
=z

2*cz (a 
rD, )

to

t
1 1

t1
=1 * Cr(arD,

1

a 1 )
222

1

2

(arD, )+2

2

2

1

,2a

Bo
1

Gt
w

2

1
r cz

2

2 * Cr(arDr) 2
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Solution for rl by an it,eration techniquc and back substitution int,o

equations 2 or 3 allows decermination o.f ,2. UEilization of this

procedure ls discussed in the next chapter.



CHAPTER VI

ANALYSIS OF DEFLECTION DATA

Computer programs were developed to evaluate equatlon 4 and sub-

sequently deEermine a, and'ar. I{l was defined as the maximum measured

deflection and W, was the deflection modeL evaluat,ed at X = 1 ft. pre-

llminary analysls was restricted to test sections of two layers (n = 1);

i.e. a thin asphaltic seal coat, base material and a foundation mat,erial.

It was assumed that the seal coat did noE contribute t,o the st,iffness of

the pavement sEructure.

Additional test secEions were analysed by combining the chicknesses

of lntermed-iate layers with either the base or foundation material. These
'

combinations were rnade after careful coniideration of the rnaterials in-

volved, thelr tocaEions within the pavement struct,ure, and the individual

layer thicknesses. Table presents the results of this analysis, with

bracketed values being t.he combined guanticies. Th" coefflcient value

for asphaltic concrete hot,-mix was assumed to be the same as the value

reported by Texas A and M University.

Appendix B contains the boring logs.of the 27 test sections for which

three years data had been collected. Coruparison of this data and Table

III reveals that 15 sections were deleted from t,he analysis for st,iffness

coefficienEs. Exclusion of these sectlons was based on the total number

of layers, the lack of uniform representation throughout the test, section,

and/or the failure of the mathematical model to adequately describe the

deflection (4 sections).
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Readcrs arc cautioned nor to confuse thc material stiffness coefficicnts

t"rith the rclative strcngth coef f iclenEs associated with the AASIIO design

procedure. The stiffness ls a property of the ln-sltu materlal and lr

does not, seem probable that laborat,ory tests can be uscd t,o predlct the

st,iffness coefficient,. The wide range of values for the gravet bases

supports this statement.

Based on the relat,ive associaclon exhibit"i Uy the results of Table

III the following procedure, "" gi.r"n in Ref. 20, can be adopted for

determlnation of materiat sEiffness coefficients in Arkansas.

1. From the construct,ion records sel.ect an existing pavement

that has a layered construction sultable for analysis as

described in the above paragraphs..

2. Gonduct a serles of deflection t,ests.
3. Determine the layer chicknesses at each deflecElon test

stat lon.
4, From the resulEs of the tests (2 and 3) determine the

stiffness coefficlenEs for the appropriate magerials.

Evaluation of ihe different designs wlth respect.t,o SCI will provide a

basis for highway design considerations.

After a careful review of the data pertainlng'to each test siter.the.

authors concluded thar the material stif.fness coefficients presented in

Table III, are representative. of the respective mat,erialts ability to reslsE

curvature. The fact that the subgrade stiffnesses are greater than the

base stiffnesses can be explained by the types of mat,erials and drainage

characterisrics of the tesE site,si i.e. a confined silt or clay that is

well drained will exhibit high resistance to deformation. Deflection

measurements were determined during thc sunnrer months. Thus, it is



3?

probable that the moisEure condlt,lons of the comPonents were minlmal.

Atso, the noticeable surface det,erloratlon of these sectlons uras not

tlpical of subgrade failure. .

Thus, deflection measurements can be used to indicate the composite

strength of a pavement struct,ure. Evaluatlon of the structural components

by determinatlon of the stlffness coefflclentE provldes a method of

naterial comparison.
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APPNNDIX A

The following pages present Ehe servlceability measurements of 27

sections for the three years of observatlon. Ten (10) test sltes were

excluded from this analysis for the following ,"""orr"t

No. of Sltes Reason

5 section resurfaced

2 no boriirg data

I profllometer malfunction

I .excessive deflections

1 base materlal placed on a rigid
pavement

PSI was det,ermind by using equation 1 and a modification for surface

texture roughness (Ref. 22), The texture corrections was additlve to the

PSI. and calculated from

TG : 0.84 Log (1 + T)

T - average texture meter reading

TC - texture correction

Test sect,ion identification is indicated below each histoBram.

The following format was used to idenEify the sites;

Highway - Seccion - District

Numbering for each component coincides with the identification used by

the Arkansas Highway Department.
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APPENDD( B

The following charts represent the layer thlcknesses and materlal

ldontlflcatlon for chc teBE aitee. lorings and clarslflcatlons were

performed by the Arkansas Highway Department. Slx borings were equally

spaced throughout the slte. The terrolnology rrcore borlngrt, from the work

plan, was lnterpreted by the Arkansas Hlghway Department Eo be synonymous

wlth auger boring. The indlcaced layer thlcknesses are measured ln

feet,. These abbreviatlons are used:

ACHM

DBST

GB

SB

SM

CMEX

T'NFL

coEx

OCDM

cDlo(

OI.GB

ODGB

UCFL

S}'GB

ODAS - Ol.d Asphalt

OHTM - O1d Hot Mlx

Asphaltlc Concrete Hot Mlx
:

Double Seal

Gravel Base

Sand Base

Select Material

Coruaon Excavatlon

Corunon Excavation

Coruoon Excavatlon

Old Gold Mlx

Cold Mix

Old Grdvel Base

Old Gravel Base

ttrcla ssif ied Fil1

Old SelecE Materlal and Gravel Base
a
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APPENDI'( C

Trafflc studles of vehlcle count and load classlflcatlon w€r€ cort-

ptl.ed by the Trafftc Sectlon of the Arkanaaa Hlghway Department Plannlng

and Research Dlvislon. The lnforruatlon for each test, sectlon was elther

from dlrect studles or lmplled from studles of slmllar hlghways.

The suruoatlon of the equlvalent 18-klp axle loads was calculated

from the tlme of construction or che time pertod slnce the last resurfaclng

of the test slce. The percentege of vehlclee ln each axle welght group,

average dally trafflc (ADT), tlme perlod, and'equlvalency factore were

comblned to lndlcete th€ total applted 18-ktp axle loads (Refer to Table IV).



Number of Vehicles
(Am x percent)

Equlva lency
Factor

85

Equlvalent 18-
Klo LoadsAxle !etght

Singte Aotle

Under 3000

3000 - 6999

7000 - 7999

8000 - 11999

12000 - 15999

16000 - t7999

18000 - 19999

20000 - 2L999

22000 - 23999

24000 - 25999

Tandem Axle

Under 6000

6000 - 11999

12000 - 17999

18000 - 23999

24000 - 29999

30000 - 3t999

32000 - 33999

34000 - 35999

36000 - 37999

38000 - 39999

Passenger Cars

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

0.0002

0.0065

0. 032 5

0.1000

0.39

0.825

1.245

1.79

2;49

3.40

0.01.

0.01

0.045

0.195

0.465

o.795
1 .00

1.245 
.

,,.53

1.955

0.0002

TABI.E IV

^EQUMLENT LOADS
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The following columns present the sunroatlon of axle loads and the

tlme perlod of accumulatlon.

SrcE lon

1-7-1

49-1 -1

64-L7 -t
8-14-2

79-7 -2
79-tO-2

41-3-3

70-5-3

7t-2-3
71-5-3

82-1-3

l3-10-6
70-10-6

167 -LO-6

4-13-7

79-4-7

82-4-7

132-1.-7

63-3-10

s63-6-10

1 1 8-2 -10
136-0-10

139-2 -10

139-5-10

228-t-LO

304-1 -10
31 2 -1 -10

Total Equlvalent
Lord Apollcetlonr

53854

loo712

583575

212375

861068

90549s
' t79t2o

,233263
1345714

. 673160

L92tt40

43506

726680

461349

4840t4

779813

22279s4

823572

1055619

105s993
' 178198
' 

77587

33575

35068

36649
t
10576

Tlme
(Mpnths )

I
79

79

78

84

t20I
I
I
I
I
I
I
I
I
I
I
I
I
I

83

82

60

7t

44

245

59

103

55

2t7

60

203

235

143

68

55

7t

47

56

71

3s

46
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Appendix - A 

SUBGRADE AND BASE CHARACTERISTICS - CALIFORNIA R-VALUE 

In Appendix - A, the R-values for each sample taken in Phase I, II, 

and III of Highway Research Project No. 20 are shown. A graph of the 

R-values versus the exudation pressure is used to detennine the modified 

R-values. For each sample, the sample number,. the date the sample was 

tested, a visual description of the sample, modified R-values at exudation 

pressures of 240 PSI and 300 PSI, and the R-value-exudation pressure 

graph are shown. All samples are listed in numerical order according 

to sample numbers • Table A-1 is an example of how R-values are presented 

-in Appendix - A: 
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R-VaJ.ue 

/ 

Sample No.: 
Date Tested: 
Visual Description: 

R-Value at 240 PSI: 
R-Value at 300 PSI: 

559 
2-20-68 
Clayey Sand 

01 
01 

Summary of Data 
California R-Value 

Sample No.: 
Date Tested: 
Visual Description: 

R-Value at 240 PSI: 
R-Value at 300 PSI: 

560 
2-20-68 

/ 

Silty Sand with Gravel 

76 
77 
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50 

40 

30 

R-Va1ue 

20 

10 

/ 

Sample No. : 
Date Tested: 
Visual Description: 

R-Value at 240 PSI: 
R-Value at 300 PSI: 

561 
2-20-68 
Yellow Silt 

33 
34 

0 

Summary of Data 
California R-Value 
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Sample No • : 
Date Tested: 
Visual Description: 

R-Value at 240 PSI: 
R-Va.lue at 300 PSI: 

a 

900 700 

562 
2-20-68 
Silty Sand with Gravel 
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R-Value 

;' 

90 

80 

70 

60 

Sample No.: 
Date Tested: 
Visual Description: 

R-Value at 240 PSI: 
R-Value at 300 PSI: 

563 
2-20-68 
Clayey Sand 

62 
70 

Summary of Data 
California R-Value 

100 

90 

80 
R-Value 

70 

Sample No.: 
Date Tested: 
Visual Description: 

R-Value at 240 PSI: 
R-Vhl.ue at 300 PSI: 

564 
2-26-68 
Fine Sand 

86 
86 
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R-Value 

Sample No.: 
Date Tested: 
Visual Description: 

R-Value at 240 PSI: 
R-Value at 300 PSI: 

90 

80 

70 

60 

565 
2-20-68 
Gravel and Sand 

64 
66 

Summary of Data 
California R-Value 
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10 
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Sample No.: 
Date Tested: 
Visual D::scription: 

R-Value at 240 PSI: 
R-Ve.lue at 300 PSI: 

0 

566 
2-20-68 
Black Clay 
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R-Value 

/ 

Sample No.: 
Date Tested: 
Visual Description: 

R-Value at 240 PSI: 
R-Value at 300 PSI: 

100 

90 

80 

70 

567 
2-21-68 
Gravel and Sand 

81 
79 

Summary of Data 
California R-Value 

40 

30 

20 
R-Value 

10 

Sample No.: 
Date Tested: 
Visual Description: 

R-Value at 240 PSI: 
R-Value at 300 PSI: 
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2-20-68 
Black Clay 
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R-Val.ue 

/ 

100 
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80 

70 

Sample No.: 
Date Tested: 
Visual Description: 

R-Value at 240 PSI: 
R-Value at 300 PSI: 

569 
2-21-68 
Sand 

86 
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Summary of Data 
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Sample No.: 
Date Tested: 
Visual Description: 

R-Value at 240 PSI: 
R-Value at 300 PSI: 

571 
2-20-68 
Silty Sand 

67 
72 

Summary of Data 
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100 

80 

60 
R-Value 

40 

20 ~~::::------L~__JL_~~ 
900 700 500 300 100 

Exudation Pressure, PSI 

> 
I 
f-J 
\0 
\.)J 



Appendix - B 

SUBGRADE AND BASE CHARACTERISTICS - PLASTICITY 

Listed in Appendix - B are the index properties for all plastic and 

non-plastic soil samples taken in Phase I, II, and III of Highway Research 

Project No. 20. Al.l samples are listed in numerical order in two groups -

plastic soils and non-plastic soils. The first group of samples are the 

plastic soils followed by the non-plastic soils. For each soil sample, 

the sample number, the date the sample was tested, a visual description 

of the soil sample, the liquie limit (LL), the plastic limit (PL), the 

plasticity index (PI), the flow index, the coefficient of uniformity (C ) , 
u 

and the coefficient of gradation ( C ) are shown. Table B-1 is an example g 

of how index properties are listed in Appendix - B: 

HRP-20 Date Visual Plastic and Liquid Limits Coefficient of 
Sample Sample Description Flow Uniformity Gradation 

No. Tested of Sample LL PL PI Index c c u g 

003 2-4-65 Clayey silt 48.4 24.7 23.7 38.7 

Table B-1 



Summary of Data 

ERP-20 Date Visual 
Sample Sample Description Plastic and Liquid Limits Coefficient of Coefficient of 

No. Tested of Sample Uniformity Gradation 
Flow 

LL PL PI Index c c u g 

003 2-4-65 Clayey Silt 48.4 24.7 23.7 38.7 ------ ------
005 1-29-65 Tan Clay 33.6 18.4 15.2 30.2 ------ -------
007 1-26-65 Tan Sandy Clay 31.9 18.7 13.2 9.2 ------ ------
008 1 ... 26-65 Tan Clayey Sand 26.6 21.3 5.3 8.2 ------ ------· 
009 1-27-65 Slightly Sandy 33.3 20.5 12.8 12.7 ------ ------. 

Clay 

010 1-27-65 Brownish-tan 36.5 23.2 13.3 15.0 ------- ------
Clay 

. 011 1-27-65 Tan Clay with 55.3 23.3 32.0 13.5 ------ ------
trace of Silt 

012 1-29-65 Red Silty Clay 80.9 34.3 46.6 49.3 ------ ------
013 1-28-65 Brown Clay-Silt 28.8 25.0 3.8 7.7 ------ ------
014 1-28-65 Grayish Clay 74.9 37.7 37.2 18.8 ------ ------
015 1-30-65 Red Clayey Sand 17.6 17.1 0.5 7.5 ------ ------
016 2-1-65 Tannish Brown 30.2 16.5 13.7 13.3 ------ ------

Sandy Clay 

017 1-29-65 Tan Sandy Clay 40.8 21.6 19.2 17.6 ------ ------

to 
I 
[\) 



Summary of Data 

HRP-20 Date Visual 
Sample Sample Description Plastic and Liquid Limits Coefficient of Coefficient of No. Tested of Sample Uniformity Gradation 

Flow 
LL PL PI Index c c u g 

018 1-28-65 Brown Sandy Clay 48.9 29.0 19.9 17.8 ------ ------
019 1-28-65 Tan Silty Clay 34.3 20.7 13.6 12.1 ------ ------
020 1-28-65 Tan Sandy Clay 27.2 22.5 4.7 8.2 ------ ------
021 1-28-65 Tan Sandy Clay 28.5 20.9 7.6 7.0 ------ ------
022 1-29-65 Brown Silty Clay 36.7 24.9 11.8 15.9 ------ ------
023 1-28-65 Gray Sandy Silt 28.0 19.8 8.2 6.1 ------ ------
024 1-29-65 Tan Clay 46.3 19.9 26.4 21.6 ------ ------
025 1-29-65 Tan Clay 57.2 24.7 32.5 22.3 ------ ------
026 2-1-65 Tan Sandy Clay 34.8 19.3 15.5 17.6 ------ -------
027 2-1-65 Yellowish Tan 34.7 20.4 14.3 14.o ------ ------Sandy Clay 

028 2-1-65 Red Clay 71.1 37.6 33.5 29.6 ------ ------
029 2-2-65 Red Sandy Clay 56.5 32.2 24.3 17.6 ------ ------
030 2-2-65 Brown Silty Clay 86.3 39.6 46.7 9.4 ------ ------
031 1-29-65 Tan Silty Clay 37.8 28.5 9.3 16.4 ------ ------
032 2-3-65 Brown Sandy Clay 28.9 23.3 5.6 9.4 ------ -----·· 

to 
I 

\.). / 



Summary of Data 

IffiP-20 Date Visual 
Sample Sample Description Plastic and Liquid Limits Coefficient of Coefficient of No. Tested of Sample Uniformity Gradation 

Flow 
LL PL PI Index c c u g 

033 2-3-65 Tan Sandy Clay 32.6 20.5 12.l 14.o ------ ------
034 2-3-65 Tan Sandy Clay 32.6 21.7 10.9 9.4 ------ ------· 
035 2-3-65 Tan Sandy Clay 57.0 31.8 25.2 18.3 ------ ------· 
036 1-30-65 Reddish Brown 62.4 36.9 25.5 21.0 ------ ------Clay 

037 2-3-65 Brown Silty Clay 20.8 18.8 2.0 3,5 ------ -------
038 2-3-65 Brown Silty Clay 39.2 30.5 8.7 5,4 ------ ------
039 2-5-65 Tan Silty Clay 34.5 24.8 9.7 9.8 ------ ------
o44 2-4-65 Red Sandy Clay 27.3 20.9 6.4 5.4 ------ ------
o45 2-8-65 Tan Silty Clay 20.5 19.0 1.5 3.8 ------ ------
o49 2-11-65 Red Sandy Clay 29.3 21.8 7.5 7.7 ------ ------
050 2-11-65 Tan Sandy Clay 28.2 17.3 10.9 13.4 ------ ------
051 2-8-65 Red Sandy Clay 37.4 21.3 16.1 14.1 ------ ------
053 2-15-65 Brown Sandy Clay 33.5 22.6 10.9 12.4 ------ ------
054 2-11-65 Tan Sandy Clay 37.6 20.5 17.1 15.2 ------ ------
055 2-16-65 Red Sand with 28.4 21.3 7.1 3.5 ------ ------Clay 

b:l 
I 
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Summary of Data 

HRP-20 Date Visual 
Sample Sample Description Plastic and Liquid Limits Coefficient of Coefficient of No. Tested of Sample Uniformity Gradation 

Flow 
LL PL PI Index c c u g 

056 2-22-65 Red Clay 32.6 21.5 11.1 15.5 ------ _____ ... 

057 2-16-65 Tan Sandy Clay 71.1 27.9 43.2 24.6 ------ ------
o61 2-23-65 Red Sandy Clay 21.5 17.1 4.4 9.4 ------ ------
o62 2-22-65 Tan Silty Clay 41.3 19.0 22.3 16.0 ------ ------
064 3 ... 1-65 Tan Silty Clay 25.9 19.2 6.7 11.7 ------ ------
065 2 ... 23-65 Tan Clayey Sand 24.o 20.l 3.9 9.9 ------ ------
066 2-22-65 Tan Clay 47.3 23.1 24.2 18.8 ------ ------· 
o67 2-23-65 Tan Clayey Sand 29.7 22.9 6.8 3,5 ------ __ .... ___ 

o68 3-1-65 Tan Clay 48.4 22.2 26.2 9.4 ------ -------
069 3.,.4-65 Brownish Gray 32.8 21.8 11.0 6.6 ------ --··----Clay 

070 3-2-65 Tan Clayey Sand 36.4 23.2 13.2 16.4 ------ ------· 
072 3-2-65 Red Clayey Sand 31.J. 18.1 13.0 12.2 ------ ---·---, 
073 3-2-65 Brownish Silty 76.9 31.6 45.3 10.1 ------ ------Clay 

075 3-4-65 Brown Silty Clay 66.5 24.6 41.9 27.0 ------ ---·---
tp 
I 
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HRP-20 Date Visual 
Sample Sample Description 

No. Tested of Sample 

076 3-8-65 Brown Clay 

079 3-8-65 Red Clayey Silt 

080 3-9-65 Reddish Brown 
Clay 

082 3-15-65 Brown Sandy Clay 

083 3-15-65 Tan Silty Clay 

084 3-8-65 Red Sandy Clay 

085 3-11-65 Red Sandy Clay 

089 3-15-65 Tan Sandy Clay 

093 6-16-65 Tan Sandy Clay 

094 6-16-65 Tan Sandy Clay 

099 5-4-65 Red Sandy Clay 

100 5-17-65 Red Sandy Clay 

103 5-21-65 Tan Clay 

104 5-21-65 Tan Clay 

/ 

Summary of Data 

Plastic and Liquid Limits 

Flow 
LL PL PI Index 

85.6 37.5 48.l 26.8 

24.7 22.8 1.9 3.5 

71.5 28.0 43.5 18.8 

59.4 22.4 37.0 23.2 

59.6 26.5 33.1 7.0 

30.2 21.2 9.0 5.8 

27.2 20.2 7.0 10.3 

45.6 23.9 21.7 16.4 

47.9 24.3 23.6 19.5 

47.9 24.3 23.6 19.5 

26.8 18.3 8.5 12.4 

29.3 22.5 6.8 13.1 

36.1 19.9 16.2 16.3 

44.3 19.3 25.0 19.8 

Coefficient of 
Uniformity 

c u 

------
------
------

------
------

------
------
------
------
------

------
------
------
------

Coefficient of 
Gradation 

c 
g 

------· 

------
------

------
------
------
------
------
------
------
------

------
------

------

tJ:j 
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HRP-20 Date Visual 
Sample Sample Description 

No. Tested of Sample 

105 5-3-65 Red Silty Clay 

106 5-21-65 Brown Clay 

108 5-21-65 Red Sandy Clay 

109 5-7-65 Red Clayey Silt 

110 6-2-65 Red Sandy Clay 

112 5-20-65 Red Clay 

119 5-7-65 Red Silty Clay 

125 6-2-65 Red Clayey Sand 

127 6-18-65 Tan Clay 

128 8-2-65 Brown Clay 

129 6-22-65 Tan Sandy Clay 

130 6-17-65 Brown Clay 

131 7-1-65 Dark Tan Clay 

133 6-30-65 Red Clay 

Summary of Data 

Plastic and Liquid Limits 

Flow 
LL PL PI Index 

36.8 23.0 13.8 12.9 

65.6 29.5 36.1 23.5 

24.3 18.9 5.4 8.9 

27.0 22.2 4.8 17.8 

28.8 19.0 9.8 15.3 

37.6 26.8 10.8 8.2 

29.7 15.3 14.4 8.5 

17.4 15.6 1.8 10.1 

35.5 25.9 9.6 21.1 

71.5 36.4 35.1 16.4 

74.2 35.6 38.6 12.9 

70.2 34.9 35.3 17.8 

105.6 37.3 68.3 42.3 

51.6 21.5 30.1 18.8 

Coefficient of 
Uniformity 

c u 

------
------
------

------
------
------
------
34.48 

------
------
------
------
------
------

Coefficient of 
Gradation 

c 
g 

------
__ ..;. ___ 

------

------

------
------
------
0.880 

------

------

------
----- .. 
------
------

to 
I 
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Summary of Data 

HRP-20 Date Visual 
Sample Sample Description Plastic and Liquid Limits Coefficient of Coefficient of 

No. Tested of Sample Uniformity Gradation 
Flow 

LL PL PI Index c c 
u g 

134 5-18-65 Gray Silt 31.1 26.0 5,1 15,3 ------ ------
135 6-24-65 Red Clay 78.6 29.2 49.4 17,3 ------ ------
136 6-30-65 Light Brown Clay 77.7 30.2 47,5 5.9 ------ ------
137 6-8-65 Tan Clay 56.6 25.1 31.5 13.1 ------ ------
138 7-1-65 Tan Clay 26.7 23.2 3,5 9.4 ------ ------
139 6-25-65 Tan Clay 86.4 29.0 57.4 24.8 ------ ------
140 6-8-65 Dark Tan Clay 52.8 22.6 30.2 23.4 ------ ------
141 5-18-65 Tan Clayey Sand 29.1 23.8 5.3 15.5 ------ ------
154 7-8-65 Red Clay with 34.7 25.0 9,7 13.6 ------ ------Gravel 

155 9-10-65 Dark Tan Clay 28.7 21.9 6.8 7.0 93,48 7.90 
with Gravel 

162 8-13-65 Red Sandy Clay 38.5 18.5 20.0 16.4 ------ ------
163 9-14-65 Tan Clay 44.3 23.8 20.5 _ 9.4 ------ ------
164 9-14-65 Tan Clay 29.8 21.2 8.6 7.0 ------ ------
200 1-19-66 Tan Sandy Clay 31.5 16.6 14.9 11.7 34.40 1.345 

with Gravel 
b:1 
I 
0:, 
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Summary of Data 

HRP-20 Date Visual 
Sample Sample D=scription Plastic and Liquid Limits Coefficient of Coefficient of No. Tested of Sample Uniformity Gradation 

Flow 
LL PL PI Index c c u g 

209 1-19-66 Sandy Clay with 27.6 15.9 11.7 20.0 15.50 1.320 
Gravel 

215 1-18-66 Yellow Sandy Clay 24.2 17.1 7.1 u.7 66.50 1.840 

222 2-17-66 Yellow Sandy Clay 23.9 17.6 6.3 4.9 56.50 5.630 

224 2-25-66 Gray Sandy Silt 25.7 18.8 6.9 5.9 106.00 6.970 

226 2-25-66 Gray Sandy Silt 21.7 16.6 .5.1 8.2 125.00 18.500 

249 1-28-66 Tan Sandy Clay 23.9 22.1 1.8 11.7 37.80 3.080 

250 1-29-66 Red Clay 32.1 21.0 ll.l 9.4 41.32 4.010 

252 3-18-66 Tan Sandy Clay 23.0 19.8 3.2 4.7 63.50 0.520 

259 1-17-66 Tan Sandy Clay 25.6 22.3 3.3 7.0 . 58.64 o.428 

291 3-5-66 Red Sandy Clay 17.4 15.2 2.2 9.4 60.03 2.730 

292 3-5-66 Red Sandy Clay 19.1 15,5 3.6 3.5 52.63 1.968 

293 3-5-66 Red Sandy Clay 19.5 16.3 3,2 3,5 50.18 0.099 

295 3-5-66 Red Sandy Clay 18.3 15.5 2.8 5,9 53.55 0.968 

296 3-5-66 Brown Sandy Clay 19.4 14.4 · 5.0 5.8 54.60 0.878 

td 
I 
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HRP-20 Date Visual 
Sample Sample Description 

No. Tested of Sample 

297 3-14-66 Brown Sandy Clay 

298 3-14-66 Sandy Cl.ay with 
Gravel 

299 3-14-66 Brown Sandy Clay 

300 3-14-66 Brown Sandy Clay 

314 5-23-66 Gray Crushed 
Fines 

315 5-23-66 Crushed Rock 
Fines 

316 5-23-66 Crushed Rock 
Fines 

317 5-23-66 Crushed Rock 
Fines 

318 5-23-66 Crushed Rock 
Fines 

319 5-28-66 Crushed Rock 
Fines 

Smnma.ry of Data 

Plastic and Liquid Limits 

Flow 
LL PL PI Index 

19.6 14.6 5.0 5.9 

19.4 15.1 4.3 7.0 

21.4 15.4 6.o 14.0 

20.5 15.4 5.1 4.7 

21.6 18.4 3.2 2.4 

21.0 18.2 2.8 4.5 

21.4 17.1 4.3 3.5 

21.2 17.4 3.8 3.2 

22.6 17.8 ·4.8 3.6 

20.3 17.6 2.7 3.8 

Coefficient of 
Uniformity 

c u 

48.30 

96.50 

88.33 

47.00 

20.80 

30.23 

16.40 

19.44 

18.00 

17.o4 

Coefficient of 
Gradation 

c 
g 

0. 886 

1.220 

1.069 

0.101 

3.090 

2.86 

3.260 

3.010 

2.880 

3.560 

to 
I 
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Summary of Data 

HRP-20 Date Visual 
Sample Sample Description Plastic and Liquid Limits Coefficient of Coefficient of 

No. Tested of Sample Uniformity Gradation 
Flow 

LL PL PI Index c c u g 
355 10-3-66 Tan Clay 28.1 13.7 14.4 14.o 20.16 o.446 

358 10-18-66 Brown Gravel 30.8 12.8 18.0 13.6 5.99 1.499 
364 10-18-66 Tan Clay 30.2 13.5 16.7 12.4 6.oo 1.499 

365 10-24-66 Tan Clay 33.7 14.o 19.7 17.1 6.00 1.499 
400 12-15-67 Sandy Silt with 25.2 20.0 5.2 5.6 5.99 1.499 Gravel 

403 12-13-67 Black Organic 83.2 34.2 49.0 20.2 6.00 1.499 Clay 

414 12-14-67 Yellow Clay 29.1 19.9 9.2 25.8 5.99 1.499 
422 12-15-67 Tan Silt 22.7 22.5 . o.·2 11.7 6.00 1.499 

423 12-13-67 Organic Clay 42.3 21.l 21.2 6.6 5.99 1.499 

433 12-15-67 Black Clay 51.4 24.2 27.2 7.5 5,99 1.499 

434 12-15-67 Tan Clay 21.4 19.1 2.3 ·9.4 6.oo 1.499 

435 12-15-67 Black Clay 22.3 17.0 5.3 6.1 6.oo 1.499 

501 12-22-67 Sandy Clay with 18.8 17.9 0.9 12.9 42.35 0.500 Gravel 

tD 
I 
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HRP-20 Date Visual 
Sample Sample Description 

No. Tested of Sample 

502 12-22-67 Tan Clay 

506 12-22-67 Black Clay 

509 12-21-67 Black Silty Clay 

513 12-22-67 Black Clay 

515 12-21-67 Tan Clay 

520 12-21-67 Yellow Clay 

525 12-21-67 Tan Clay 

526 12-21-67 Gravel and 
Red Silt 

531 12-21-67 Black Clay 
with Gravel 

538 12-22-67 Tan Clay 
with Gravel 

540 12-22-67 Yellow Silt 

545 12-21-67 Yellow Silt 

Summary of Data 

Plastic and Liquid Limits 

Flow 
LL Pl P! Index 

29.9 20.3 9.6 8.9 

65.0 26.8 38.2 2.4 

26.1 20.5 5.6 9.4 

32.0 23.0 9.0 6.3 

41.2 22.3 18.9 13.6 

24.8 16.7 8.1 16.4 

26.1 21.9 4.2 30.6 

17.7 17.1 o.6 2.8 

44.5 21.7 22.8 14.S 

23.8 16.8 7.0 27.0 

17.7 17.2 0:5 5.6 

20.0 . 16.6 :;.4 8.9 

Coefficient of 
Uniformity 

c u 

5.99 

29.82 

5.99 

5.99 

5.99 

6.o6 

6.01 

5.99 

6.00 

5.99 

6.oo 

5.99 

Coefficient of 
Gradation 

c 
g 

1.499 

0.302 

1.499 

1.499 

1.499 

1.484 

1.487 

1.499 

1.499 

1.499 

1.499 

1.499 

b:1 
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IffiP-20 
Sample 

No. 

547 

549 

551 

558 

561 

562 

566 

568 

2 

4 

6 

40 

Date 
Sample 
Tested 

12-21-67 

12-22-67 

12-22-67 

12-21-67 

12-21-67 

12-21-67 

12-21-67 

12-21-67 

1-22-65 

1-29-65 

2-16-65 

3-10-65 

Visual 
Description 
of Sample 

Brown Silt 

Brown Silt 

Sandy Clay 

Clayey Silt 

Yellow Silt 

Silty Sand 
with Gravel 

Black Clay 

Black Clay 

Sand 

Tan Sand 

Red Sand 

Sandy Silt 

Smmnary of Data 

Plastic and Liquid Limits 

Flow 
LL PL PI Index 

24.2 21.4 2.8 4.7 

25.7 23.7 2.0 10.8 

33.1 21.3 11.8 12.9 

15.6 14.6 LO 7.3 

20.1 19.9 0.3 9.4 

19.6 19.0 o.6 10.2 

43.3 20.7 22.6 3.6 

38.8 17.6 21.2 12.7 

N.P. 

N.P. 

N.P. 

N.P. 

Coefficient of 
Uniformity 

c 
u 

5.99 

6.00 

6.oo 

5.99 

6.oo 

6.00 

5.99 

5.99 

4.36 

5.26 

8.83 

10.67 

Coefficient of 
Gradation 

c 
g 

1.499 

1.499 

1.499 

1.499 

1.499 

1.499 

1.499 

1.499 

1.300 

1.400 

1.018 

0.843 

to 
I 
I-' 
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HRP-20 Date Visual 
Sample Sample Description 

No. Tested of Sample 

41 3-10-65 Sand 

42 3-ll-65 Red Sandy Gravel 

43 3-11-65 Brown Sand 

46 3-11-65 Brown Sand 

47 3-11-65 Brown Sandy 
Gravel 

48 3-12-65 Red Sand 

52 3-15-65 Tan Sand 

58 3-17-65 Brown Sand 

59 2-18-65 Brown Sand 

60 3-30-65 Red Sand 

63 3-22-6 5 Sandy Silt 

71 3-25-65 Red Sand 

74 3-26-65 Tan Sand 

/ 

Sunnnary of Data 

Plastic and Liquid Limits 

Flow 
LL PL PI Index 

---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----

---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----

Coefficient of 
Uniformity 

c u 

11.90 

110.09 

115.48 

6.00 

60.09 

7.12 

7.96 

4.78 

8.64 

5.91 

6.oo 

6.79 

10.30 

Coefficient of 
Gradation 

c 
g 

0.756 

0.309 

0.289 

1.499 

8.525 

1.265 

l.351 

1.381 

o.450 

1.491 

1.499 

1.517 

0.873 

to 
I ..... 
+-



HRP-20 Date Visual 
Sample Sample Description 

No. Tested of Sample 

77 4-1-65 Red Silt 

78 4-1-65 Clay-Sand 

81 4-2-65 Brown Silty Sand 

86 4-1-65 Tan Sand 

87 3-31-65 Tan Sand 

88 3-31-65 White Silt 

90 4-9-65 Tan Sand 

91 5-18-65 Brown Silty Sand 

92 5-18-65 Tan Sand 

95 5-7-65 Tan Sand 

96 6-11-65 Tan Sand 

97 5-18-65 Brown Silty Sand 

98 6-15-65 Tan Sand 

101 5-12-65 Brown Sand 

Summary of Data 

Plastic and Liquid Lim.its 
Flow 

LL PL PI Index 

---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----

Coefficient of 
Uniformity 

c u 

5.99 

8.22 

5.99 

9.06 

5.88 

8.87 

9.98 

2.88 

6.74 

5,48 

39.60 

38.01 

41.89 

10.09 

Coefficient of 
Gradation 

c 
g 

1.499 

1.289 

1.499 

0.993 

1.494 

l.o84 

0.901 

0.820 

1.535 

2.010 

0.717 

0.735 

0.580 

0.891 

bj 
I 
I-' 
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HRP-20 Date Visual 
Sample Sample Sescription 

102 5-19-65 Brown Silty Sand 

107 5-21-65 Tan Sand 

111 5-12-65 Tan Sand 

113 5-21-65 Tan Sand 

114 5-12-65 Red Sand 

ll5 5-12-65 Red Sand 

116 5-7-65 Tan Sand 

117 5-18-65 White Sand 

us 5-18-65 Red Sand 

120 5-18-65 Red Sand 

121 6-25-65 Red Sand 

122 5-21-65 Tan Sand 

123 8-31-65 Red Clayey Sand 

124 5-18-65 Red Sand 

Summary of Data 

Plastic and Liquid Lim.its 

Flow 
LL PL PI Index 

---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----

Coefficient of 
Uniformity 

c 
u 

10.13 

2.56 

9.80 

2.46 

8.20 

9.34 

11.82 

6.84 

5.45 

6.79 

6.03 

3.49 

10.25 

30.67 

Coefficient of 
Gradation 

c 
g 

o.888 

o.84o 

0.917 

0.810 

1.295 

o.470 

1.610 

0.650 

1.472 

0.670 

1.503 

0.810 

1.585 

1.310 

tx:I 
I 
I-' 
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Summary of Data 

HRP-20 Date Visual 
Sample Sample Description Plastic and Liquid Lim.its Coefficient of Coefficient of 

No. Tested of Sample Uniformity Gradation 
Flow 

LL PL PI Index c c u g 
126 5-12-65 Red Sand ---- ---- N,P. ---- 32.50 0.250 
132 6-2-65 Tan Sand ---- ---- N.P. ---- 2.47 0.770 
142 5-19-65 Brown Sand ---- ---- N.P. ---- 6.03 0.700 
152 8-13-65 Tan Sand ---- ---- N.P. ---- 4.29 1.300 
156 7-8-65 Tan Clayey Sand ---- ---- N.P. ---- 78.33 6.950 
157 8-13-65 Brown Sandy ---- ---- N.P. ---- 52.78 5.260 Gravel 

158 8-13-65 Tan Sandy Gravel ---- ---- N.P. ---- 65.38 1.530 
159 8-13-65 Brown Sand ---- ---- N.P. ---- 7.64 1.653 
160 8-13-65 Brown Sand ---- ---- N.P. ---- 5.50 0.680 
161 8-13-65 Brown Sand ---- ---- N.P. ---- 9.15 1.634 
165 8-17-65 Brown Sand ---- ---- N.P. ---- 10.25 0.440 
167 8-17-65 Tan Sand ---- ---- N.P. ---- 4.94 0.720 
168 8-17-65 Tan Sand ---- ---- N.P. ---- 3.97 0.930 
170 8-17-65 Red Sand ---- ---- N.P. ---- 31.01 0.638 

tI1 
I 
I-' 
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HRP-20 Date Visual 
Sample Sample Description 

No. Tested of Sample 

171 8-17-65 Red Sand 

172 8-17-65 Tan Sand 

173 8-17-65 Tan Sand 

174 11-23-65 Donnafill 

175 11-23-65 Donnafill 

176 11-23-65 Donnafill 

201 1-28-65 Tan Sandy Clay 

202 1-28-65 Tan Sandy Clay 

203 1-28-65 Sandy Clay 
with Gravel 

2o4 1-28-65 Tan Sandy Gravel 

205 1-28-65 Tan Sandy Gravel 

2o6 1-28-65 Tan Sandy Gravel 

207 1-28-65 Tan Sandy Gravel 

Sunnnary of Data 

Plastic and Liquid Limits 

Flow 
LL PL PI Index 

---- ---- N.P. ----
---- ---- N.P. ----

---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----

---- ---- N.P. ----
---- ---- N.P. ----

---- ---- N.P. ----

---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----

Coefficient of 
Uniformity 

c u 

18.06 

13.41 

20.03 

11.16 

11.25 

8.83 

18.70 

8.28 

17.10 

11.10 

9.6o 

8.10 

11.70 

Coefficient of 
Gradation 

c 
g 

0.757 

0.916 

1.511 

0.806 

0.799 

1.435 

0.340 

0.756 

0.735 

0.669 

0.900 

0 .. 618 

0.765 

td 
I 

....... 
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Summary of Data 

HRP-20 Date Visual 
Sample Sample Description Plastic and Liquid Limits Coefficient of Coefficient of 

No. Tested of Sample Uniformity Gradation 
Flow 

LL PL PI Index c c u g 
208 1-28-65 Tan Sandy Gravel ---- ---- N.P. ---- 11.50 1.370 
210 1-18-65 Yellow.Clayey ---- ---- N.P. ---- 49.62 3.010 Sand 

211 12-6-65 Gray Sand ---- ---- N.P. ---- 43.30 2.900 
212 1-18-66 Yellow Clayey ----

Sand ---- N.P. ---- 65.00 6.800 

213 1-18-66 Yellow Clayey ---- ---- N.P. ---- 25.80 3.000 Sand 

214 1-18-66 Yellow Clayey ---- ---- N.P. ---- 5.30 2.220 Sand 

216 1-19-66 Yellow Clayey ---- ---- N.P. ---- 17.20 2.740 Sand 

217 2-10-66 Gray Sandy Silt ---- ---- N.P. ---- 51.80 1.930 
218 2-25-66 Gray Sandy Silt ---- ---- N.P. ---- 16.40 1.530 
219 2-25-66 Gray Sandy Silt ---- ---- N.P. ---- 59.40 4.160 
220 2-9-66 Gray Sandy Silt ---- ---- N.P. ---- 50.50 4.900 
221 2-10-66 Gray Sandy Silt ---- ---- N.P. ---- 18.10 3.o4 

t:Jj 
I 
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HRP-20 Date Visual 
Sample Sample Description 

No. Tested of Sample 

223 2-11-66 Gray Sandy Silt 

225 2-9-66 Gray Sa.b.dy Silt 

227 2-10-66 Gray Sandy Silt 

228 2-11-66 Gray Sandy Silt 

229 2-25-66 Gray Sandy Silt 

230 2-11-66 Brown Clayey 
Sand 

231 2-14-66 Gray Sandy Silt 

232 3-27-66 Gray Silt 

233 3-26-66 Tan Sandy Silt 

234 2-9-66 Sandy Silt 
with Gravel 

235 2-21-66 Gray Sandy Silt 

236 3-27-66 Tan Sand 

237 2-14-66 Gray Sandy Silt 

Sunnnary of Data 

Plastic and Liquid Limits 

Flow 
LL PL PI Index 

---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----

---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----

Coefficient of 
Uniformity 

c u 

31.60 

42.60 

61.50 

26.00 

14.10 

48.66 

19.40 

27.00 

62.00 

43.40 

31.20 

86.50 

21.30 

Coefficient of 
Gradation 

c 
g 

4.250 

3.010 

5.610 

3.120 

2.460 

1.051 

1.680 

1.780 

1.140 

4.100 

1.430 

0.513 

2.240 

to 
I 
I\) 
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Summary of De.ta 

HRP-20 Date Visual 
Sample Sample Description Plastic and Liquid Limits 

No. Tested of Sample 
Flow 

LL PL PI Index 

238 2-2-66 Gray Sandy Silt ---- ---- N.P. -----
239 2-10-66 Gray Sandy Silt ---- ---- N.P. -----
240 2-25-66 Gray Sandy Silt ---- ---- N.P. -----
241 2-14-66 Gray Sandy Silt ---- ---- N.P. -----
242 2-10-66 Gray Sandy Silt ---- ---- N.P. -----
243 3-27-66 Gray Silt ---- ---- N.P. -----
244 1-28-66 Crushed Limestone---- ---- N.P. -----
245 2-14-66 Gray Sandy Silt ---- ---- N.P. -----
246 1-28-66 Crushed Limestone---- ---- N.P. -----
247 1-28-66 Crushed Limestone---- ----- N.P. -----
248 1-28-66 Crushed Limestone---- ---- N.P. -----
251 1-29-66 Tan Clayey Sand ---- ---- N.P. -----
253 2-16-66 _Gray Silty Sand ---- ---- N.P. -----

Coefficient of 
Uniformity 

c 
u 

17.30 

18.45 

13.18 

16.11 

12.40 

64.60 

11.25 

5.84 

17.30 

63.30 

43.00 

18.30 

40.70 

Coefficient of 
Gradation 

c 
g 

2.230 

7.440 

2.730 

5.740 

1.500 

8. 790 

4.200 

1.310 

2.230 

6.980 

4.920 

1.785 

5. 040 

b:I 
I 
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Summary of Data 

HRP-20 Date Visual 
Sample Sample Description Plastic and Liquid Limits Coefficient of Coefficient of 

No. Tested of Sample Uniformity Gradation 
Flevr 

LL PL PI Index c c 
u g 

254 3-18-66 Gray Silt ---- ---- N.P. ---- 34.30 0.762 

255 2-16-66 Gray Sandy Silt ---- ---- N.P. ---- 40.70 5.o4o 

256 3-18-66 Gray Silty Sand ---- ---- N.P. ---- 19.25 1.300 

257 3-30-66 Gray Crushed Rock---- ---- N.P. ---- 31.10 4.873 

258 3-30-66 Gray Crushed Rock---- ---- N.P. ---- 12.01 4.440 

260 4-11-66 Crushed Rock ---- ---- N.P. ---- 24.oo 5.400 

261 1-7-66 Tan Silty Sand ---- ---- N.P. ---- 25.65 4.980 

262 1-7-66 Tan Silty Sand ---- ----· N.P. ---- 65.90 0.520 

263 1-7-66 Tan Silty Sand ---- ---- N.P. ---- 18.55 0.321 

264 12-6-65 Tan Silty Sand ---- ---- N.P. ---- 61.20 0.800 

265 12-6-65 Silty Sand with ---- ---- N.P. ---- 110.00 3.270 Gravel 

266 12-2-65 Tan Silty Sand ---- ---- N.P. ---- 31.15 4.110 

267 12-1-65 Tan Silty Sand ---- ---- N.P. ---- 37.10 3.990 

268 12-1-65 Tan Silty Sand ---- ---- N.P. ---- 69.20 1.008 

t:rJ 
I 
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HRP-20 Date Visual 
Sample Sample Description 

No. Tested of Sample 

269 12-1-65 Tan Silty Sand 

270 11-29-65 Silty Sand with 
Gravel 

271 3-31-66 Tan Silt 

272 3-30-66 Tan Silt 

273 4-11-66 Tan Crushed Rock 

274 4-12-66 Tan Crushed Rock 

275 4-12-66 Tan Crushed Rock 

276 4-12-66 Silty Sand with 
Gravel 

277 4-12-66 Brown Silty Sand 

278 4-12-66 Brown Silty Sand 

279 4-12-66 Brown Silty Sand 

280 4-14-66 Tan Silt with 
Gravel 

Summary of Data 

Plastic and Liquid Limits 

Flow 
LL PL PI Index 

---- ---- N.P. ----
---- ---- N.P. ----

---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
----- ---- N.P. ----

---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----

Coefficient of 
Uniformity 

c u 

91.60 

69.90 

4.96 

36.80 

20.19 

19.81 

3.91 

84.60 

72.60 

77.00 

69.00 

135.40 

Coefficient of 
Gradation 

c 
g 

3.201 

1.570 

1.730 

6.760 

4.560 

5.220 

5.010 

3.680 

4.225 

0.398 

4.075 

12.000 

t:d 
I 
I'\) 
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HRP-20 Date Visual 
Sample Sample Description 

No. Tested of Sample 

281 4-12-66 Gray Crushed 
Stone 

282 4-12-66 Gray Crushed 
Stone 

283 4-12-66 Gray Crushed 
stone 

284 4-12-66 Gray Crushed 
Stone 

285 4-12-66 Gray Crushed 
Stone 

286 4-12-66 Gray Crushed 
Stone 

287 4-12-66 Gray Crushed 
Stone 

288 4-12-66 Gray Crushed 
Stone 

289 4-12-66 Gray Crushed 
Stone 

Summary of Data 

Palstic and Liquid Limits 

Flow 
LL PL PI Index 

---- ---- N.P. ----

---- ---- N.P. ----

---- ---- N.P. ----

---- ---- N.P. ----

---- ---- N.P. ----

---- ---- N.P. ----

---- ---- N.P. ----

---- ---- N.P. ----

---- ---- N.P. ----

Coefficient of 
Uniformity 

c u 

20.11 

65.42 

35.80 

20.00 

22.60 

15.10 

7.36 

29.80 

20.50 

Coefficient of 
Gradation 

c 
g 

2.910 

5.110 

4.075 

2.370 

3.450 

2.800 

2.142 

0.616 

4.210 

tD 
I 
f\) 
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Sunnnary of Data 

HRP-20 Date Visual 
Sample Sample Description Plastic and Liquid Lim.its 

No. Tested of Sample 

Flow 
LL PL PI Index 

290 4-12-66 Gray Crushed ---- ---- N.P. ----
Stone 

294 3-5-66 Brown Sandy Gravel---- ---- N.P. ----
301 4-30-66 Gray Silt ---- ---- N.P. ----
30'2 4-30-66 Gray Silt ---- ---- N.P. ----
303 4-30-66 Gray Silt ---- ---- N.P. ----
3o4 4-30-66 Gray Silt ---- ---- N.P. ----
305 4-30-66 Gray Silt ---- ---- N.P. ----
306 4-30-66 Gray Silt ---- ---- N.P. ----
307 4-30-66 Gray Silt ---- ---- N.P. ----
308 4-30-66 Gray Silt ---- ---- N.P. ----
309 4-30-66 Gray Silt ---- ---- N.P. ----
310 4-30-66 Gray Silt ---- ---- N.P. ----
311 4-30-66 Gray Silt ---- ---- N.P. ----

Coefficient of 
Uniformity 

c 
u 

58.40 

60.00 

16.00 

15.59 

20.38 

34.30 

32.90 

30.99 

16.60 

18.60 

23.60 

43.30 

30.00 

"" ---

Coefficient of 
Gradation 

c 
g 

2.680 

0.745 

4.550 

5.065 

8.340 

8.580 

8.360 

2.940 

2.810 

3.960 

4.790 

4.100 

1.480 

to 
I 
fl) 
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Summary of Data 

HRP-20 Date Visual 
Sample Sample Iescription Plastic and Liquid Limits Coefficient of Coefficient of No. Tested of Sample Uniformity Gradation 

Flow 
LL PL PI Index c c u g 

312 5-14-66 Gray Silt ---- ---- N.P. ---- 15,55 3.000 

313 5-23-66 Crushed· Rock ---- ---- N.P. ---- 43.40 4.110 
Fines 

320 5-23-66 Crushed Rock ---- ---- N.P. ---- 47.10 5.440 
Fines 

321 5-23-66 Tan Sandy Silt ---- ---- N.P. ---- 71.05 9.110 

322 5-23-66 Tan Sandy Silt ---- ---- N.P. ---- 62.40 8.080 

323 5-23-66 Tan Sand;y Silt ---- ---- N.P. ---- 60.31 8.000 

324 6-1-66 Tan Sandy Silt· ---- ---- N.P. ----· 112.00 10.310 

325 6-1-66 Tan Sandy Silt ---- ---- N.P. ---- 84.32 9.411 

326 6-1-66 Tan Sandy Silt ---- ---- N.P. ---- 30.00 7.0'20 

327 6-1-66 Tan Sandy Silt ---- ---- N.P. ---- 52.61 7.980 

328 6-1-66 Tan Sandy Silt ---- ---- N.P. ---- 34.10 2.325 

329 6-1-66 Tan Sandy Silt ---- ---- N.P. ---- 38.22 3.000 

330 6-1-66 Tan Sandy Silt ---- ---- N.P. ---- 112.20 5.820 

331 6-1-66 Tan Sandy Silt ---- ---- N.P. ---- 96.40 9.733 

t:D 
I 
f\) 
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HRP-20 Date Visual 
Sample Sample Description 

No. Tested of Sample 

332 6-2-66 White Rock Fines 

333 6-2-66 White Rock Fines 

334 6-2-66 White Rock Fines 

335 6-2-66 White Rock Fines 

336 6-2-66 White Rock Fines 

337 6-2-66 White Rock Fines 

338 6-2-66 White Rock Fines 

339 6-2-66 Brown Sand with 
Gravel 

340 6-2-66 Brown Sand 

341 6-2-66 Brown Sand 

342 6-2-66 Brown Sand 

343 6-2-66 Brown Sand 

345 6-2-66 Brown Sand 

Summary of Data 

Plastic and Liquid Limits 

Flow 
LL PL PI Index 

---- ---- N.P. ----
---- ---- N.P. ----
---- --·- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----

---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----

Coefficient of 
Uniformity 

c 
u 

12.73 

8.34 

4.90 

15.90 

18.15 

23.00 

44.70 

56.67 

38.46 

27.83 

29.05 

31.55 

49.60 

Coefficient of 
Gradation 

c 
g 

2.318 

1.766 

1.361 

2.748 

5.490 

6.220 

4.030 

0.780 

0. 980 

0.820 

1.030 

1.275 

0.780 

td 
I 
I\) 
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HRP-20 Date Visual 
Sample Sample Description 

No. Tested of Sample 

346 6-25-66 Brown Sand 

347 6-25-66 Brown Sand 

348 6-25-66 Brown Sand 

349 6-25-66 Brown Sand 

350 6-25-66 Brown Sand 

353 10-6-66 Sand with Gravel 

354 10-10-66 Sand with Gravel 

356 10-5-66 Brown Gravel 

357 10-6-66 Brown Gravel 

359 10-11-66 Brown Gravel 

360 10-11-66 Brown Gravel 

361 10-11-66 Brown Gravel 

362 10-13-66 Brown Gravel 

363 10-13-66 Brown Gravel 

/ 

Summary of Data 

Plastic and Liquid Limits 

Flow 
LL PL PI Index 

---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----

Coefficient of 
Uniformity 

c 
u 

31.00 

16.90 

19.38 

9.68 

5.87 

45.41 

35.14 

65.62 

49.23 

70.00 

44.44 

38.46 

37.78 

52.31 

Coefficient of 
Gradation 

c 
g 

2.330 

1.190 

1.460 

1.560 

1.470 

3.400 

4.790 

4.670 

6.780 

0.990 

1.780 

1.790 

3.600 

2.550 

-, 

tr! 
I 
fl) 
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Summary of Data 

HRP-20 Date Visual 
Sample Sample Description Plastic and Liquid Limits Coefficient of Coefficient of No. Tested of Sample Uniformity Gradation 

Flow 
LL PL PI Index c c u g 

401 12-14-67 Sand and Gravel ---- ---- N.P. ---- 45.33 1.080 
402 12-14-67 Sand ---- ---- N.P. ---- 42.05 o.490 
4o4 12-14-67 Red Clayey Sand ---- ---- N.P. ---- 33.13 1.300 with Gravel 
405 12-14-67 Gray Silty Sand ---- ---- N.P. ---- 11.07 1.151 406 12-14-67 Sand and Gravel ---- ---- N.P. ---- 84.62 1.570 
407 12-14-67 Silt ---- ---- N.P. ---- 50.73 1.110 
4o8 12-14-67 Sand ---- ---- N.P. ---- 1.84 1.450 
409 12-14-67 Red Sand ---- ---- N.P. ---- 30.77 1.110 
410 12-14-67 Sand ---- ---- N.P. ---- • 5.99 1.499 
411 12-14-67 Sand and Gravel ---- ---- N.P. ---- 137.46 o.808 
412 12-14-67 Loess ---- ---- N.P. ---- 122.61 1.210 
413 12-14-67 Silty Sand with ---- ---- N.P. ---- 61.63 2.420 Gravel 

415 12-13-67 stone Fines ---- ---- N.P. ---- 107.50 9.o80 
416 12-14-67 Silty Sand ---- ---- N.P. ---- 9.74 0.923 

lJ:1 
I 
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Sunnnary of Data 

IffiP-20 Date Visual 
Sample Sample Description Plastic and Liquid Limits Coefficient of Coefficient of No. Tested of Sample Uniformity Gradation 

Flow 
LL PL PI Index c c u g 

417 12-14-67 Silty Sand ---- ---- N.P. ---- 8.12 l.372 
418 12-14-67 Gravel· and Sand ---- ---- N.P. ---- 59.38 1.290 
419 12-14-67 Stone Fines ---- ---- N.P. ---- 118.42 4.113 
420 12-14-67 Stone Fines ---- ---- N.P. ---- 141.33 10.975 421 12-14-67 Brown Sandy Gravel---- ---- N.P. ---- 55,59 0.338 424 12-14-67 Gravel and Red ---- ---- N.P. ---- 74.56 2.320 Sand 

425 12-14-67 Sand ---- ---- N.P. ---- 2.63 0.830 
427 12-14-67 Gravel and Sand ---- ---- N.P. ---- 70.97 2.230 
430 12-15-67 Black Silty Sand ---- ---- N.P. ---- 10.76 0.836 
431 12-14-67 Gravel and Sand ---- ---- N.P. ---- 24.50 0.920 
432 12-15-67 Sand ---- ---- N.P. ---- 5,99 1.499 
503 12-18-67 Sand ---- ---- N.P. ---- 36.05 0.900 
5o4 12-20-67 Silty Sand ---- ---- N.P. ---- 6.00 1.499 
505 12-18-67 Sand ---- ---- N.P. ---- 9.74 1.187 
507 12-18-67 Gravel and Sand ---- ---- N.P. ---- 33,33 l.110 

bj 
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Summary of Data 

HRP-20 Date Visual 
Sample Sample Description Plastic and Liquid Limits Coefficient of Coefficient of 

No. Tested of Sample Uniformity Gradation 
Flow 

LL PL PI Index c c 
u g 

508 12-18-67 Sand ---- ---- N.P. ---- 4.83 1.343 

510 12-22-67 Black Silty Sand ---- ---- N.P. ---- 42.59 8.710 

511 12-18-67 Gravel and Sand ---- ----,. N.P. ---- 34.58 1.170 

512 12-18-67 Clayey Sand ---- ---- N.P. ---- 2.63 0.830 

514 12-18-67 Gravel and Sand ---- ---- N.P. ---- 40.00 o.490 

516 12-18-67 Gravel and Sand ---- ---- N.P. ---- 59.13 1.840 

517 12-20-67 Sandy Silt ---- ---- N.P. ---- 5.99 1.499 

518 12-18-67 Gravel and Sand ---- ---- N.P. ---- 81.25 8.890 

519 12-18-67 Clayey Sand ---- ---- N.P. ---- 3.13 0.780 

521 12-21-67 Black Sandy Silt ---- ---- N.P. ---- 162.93 6.729 

522 12-18-67 Gravel with Sand ---- ---- N.P. ---- 43.60 1.120 

523 12-18-67 Sand ---- ---- N.P. ---- 3.52 0.770 

524 12-18-67 Gravel with ---- ---- N.P. ---- 6.00 1.499 
Fine Sand 

527 12-21-67 Red Clayey Sand ---- ---- N.P. ---- 6.00 1.499 

b:I 
I 
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Summary of Data 

HRP-20 Date Visual 
Sample Sample Description Plastic and Liquid Limits Coefficient of Coefficient of No. Tested of Sample Uniformity Gradation 

Flow 
LL PL PI Index c c u g 528 12-22-67 Gravel with ---- ---- N.P. ---- 120.61 0.825 Fine Sand 

529 12-20-67 Fine Sand ---- ---- N.P. ---- 12.43 0.858 
530 12-20-67 Gravel with ---- ---- N.P. ---- 175.29 3.685 Fine Sand 

532 12-18-67 Fine Sand ---- ---- N.P. ---- 57.50 0.600 
533 12-18-67 Fine Sand ---- ---- N.P. ---- 5,75 1.478 
534 12-22-67 Fine Red Sand ---- --·-- N.P. ---- 5.54 1.469 
535 12-18-67 Clayey Sand ---- ---- N.P. ---- 105.48 0.350 
536 12-18-67 Sand ---- ---- N.P. ---- 27.68 7.370 
537 12-18-67 Silty Sand ---- ---- N.P. ---- 6.14 1.505 
539 12-18-67 Gravel with ---- ---- N.P. ---- 75,56 1.050 Silty Sand 
541 12-18-67 Sand ---- ---- N.P. ---- 43.00 0.980 
542 12-20-67 Crushed Limestone---- ---- N.P. ---- 42.86 4.760 
543 12-18-67 Gravel and Sand ---- ---- N.P. ---- 43.64 0.825 
544 12-18-67 Fine Sand ---- ---- N.Po ---- 5.68 1.458 
546 12-20-67 Fine Sand ---- ---- N.P. ---- 175.57 7.234 
548 12-18-67 Gravel and Sand ---- ---- N.P. ---- 55.20 4.870 
550 12-18-67 Gravel and Fine ---- ---- N.P. ---- 131.99 0.712 Sand 
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HRP-20 Date Visual 
Sample Sample Description 

No. Tested of' Sample 

552 12-18-67 Gravel and Fine 
Sand 

553 12-20-67 Gray Silt 

554 12-18-67 Gravel with Fine 
Sand 

555 12-20-67 Gray Silt 

556 12-18-67 Silty Sand 

557 12-18-67 Gravel with Sand 

559 12-18-67 Clayey Sand 

560 12-18-67 Silty Sand with 
Gravel 

563 12-18-67 Clayey Sand 

564 12-21-67 Fine Sand 

565 12-18-67 Gravel and Sand 

567 12-18-67 Gravel and Sand 

Sunnnary of Data 

Plastic and Liquid Limits 

Flow 
LL PL PI Index 

---- ---- N.P. ----

---- ---- N.P. ----
---- ---- N.P. ----

---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----

Coefficient of 
Uniformity 

c 
u 

191.01 

5,99 

108.54 

6.00 

190.88 

109.18 

6.00 

131.08 

7,95 

223.18 

124.53 

50.00 

Coefficient of 
Gradation 

c 
g 

0.709 

1.499 

1.936 

1.499 

2.119 

1.553 

1.499 

o.448 

1.356 

15.703 

1.098 

1.800 

-, 
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HRP-20 Date Visual 
Sample Sample Description 

No. Tested of Sample 

569 12-18-67 Sand 

570 12-18-67 Sand 

571 12-18-67 Silty Sand 

Summary of Data 

Plastic and Liquid Limits 

Flow 
LL PL PI Index 

---- ---- N.P. ----
---- ---- N.P. ----
---- ---- N.P. ----

Coefficient of 
Uniformity 

c u 

85.00 

73.65 

10.43 

Coefficient of 
Gradation 

c 
g 

7.350 

0.396 

0.862 
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Appendix - C 

SUBGRADE AND BASE CHARACTERISTICS - GRADATION 

Listed in Appendis - Care gradations for all soil samples taken in 

Phase I, II, and III of Highway Research Project No. 20. All soil sam-

ples are listed in numerical order according to sample number. For each 

soil sample, the soil sample number, the date the sample was tested, a 

visual description of the soil sample, and the percent passing the 2, 

1-1/2, 1, 3/4, 3/8, No. 4, No. 10, No. 40, and No. 200 sieve are shown. 

Table C-1 is an example of the presentation of gradations for each 

sample: 

Soil Visual Air Dried Preparation 
Mechanical 
Analysis 

Sample . Date . Descrip-
Number Tested tion 2 

'lo Passi/! 
1-1/2 l 3 3/8 No.4 

<fo Passing 
No.10 No.40 No.200 

002 1-22-65 Sand 100.0 100.0 100.0 100.0 100.0 99.9 99.1 95.4 11.8 ., 

Table C-1 



Soil 
Sample Date Visual 
Number Tested Description 2 

002 1-22-65 Sand 100.0 

003 1-29-65 Clayey Silt 100.0 

oo4 l-24-65 Tan Sand 100.0 

005 1-25-65 Tan Clay 100.0 

oo6 1-27-65 Red Sand 100.0 

007 1-26-65 Tan Sandy Clay 100.0 

008 1-26-65 Tan Clayey Sand 100.0 

009 1-27-65 Slightly Sandy Clay 100.0 

010 1-27-65 Brownish Tan Clay 100.0 

Oil 1-27-65 Tan Clay with Trace 100.0 
of Silt 

012 1-29-65 Red Silty Clay 100.0 

013 1-28-65 Brown Clay-Silt 100.0 

014 1-28-65 Grayish Clay 100.0 

015 1-30-65 Red Clayey Sand 100.0 

Summary of Data 

Air Dried Preparation 
1o Passing 

1-1/2 l 3/4 3/8 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

No.4 

99,9 

100.0 

99,9 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Mechanical Analysis 
% Passing 

No.10 No.40 No.200 

99.1 95,4 11.8 

100.0 99.8 99.0 

99,9 98.2 14.9 

99.9 97.2 82.2 

100.0· 99.3 53.7 

100.0 97.4 86.2 

99.8 98.3 85.7 

100.0 99.5 84.6 

100.0 97.6 96.8 

100.0 99.7 98.8 

100.0 99.5 99.1 

100.0 97.7 94.6 

99.9 99.9 99.6 

99.6 92.2 34.l 
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Summary of Data 

Soil Air Dried Preparation 
Sample Date Visual c/o Passing 

Description 2 1-1/2 l 3/4 Number Tested 

016 2-1-65 Tannish Brown Sandy 10>0.o 100.0 100.0 100.0 
Clay 

017 1-29-65 Tan Sandy Clay 100.0 100.0 100.0 100.0 

018 1-28-65 Brown Sandy Clay 100.0 100.0 99.8 99.1 
019 1-28-65 Tan Silty Clay 100.0 100.0 99.4 96.3 
020 1-28-65 Tan Sandy Clay 100.0 100.0 100.0 100.0 
021 1-28-65 Tan Sandy Clay 100.0 99.1 97.1 93,3 
022 1-29-65 Brown Silty Clay 100.0 100.0 100.0 100.0 
023 1-28-65 Gray Sandy Silt 100.0 100.0 100.0 100.0 
024 1-29-65 Tan Clay 100.0 100.0 100.0 100.0 
025 1-29-65 Tan Clay 100.0 100.0 100.0 100.0 
026 2-1-65 Tan Sandy Clay 100.0 100.0 100.0 98.7 
027 2-1-65 Yellowish Tan Sandy 98.8 98.8 98.8 98.4 Clay 

028 2-1-65 Red Clay 100.0 100.0 97.9 95,3 

3/8 

100.0 

98.9 

92.9 

77.0 

99.3 

84.9 

100.0 

100.0 

100.0 

100.0 

92.8 

93.3 

85.7 

Mechanical Analysis 
·~ Passing 

No.4 No.10 No.40 No.200 

100.0 99.0 97.1 81.6 

95.9 94.6 92.5 71.3 

83.9 80.7 76.6 70.6 

57.6 48.2 32.9 29.4 

95.1 93.9 84.o 76.9 

76.3 74.3 71.1 50.0 

99.8 99.8 99.3 98.4 

100.0 100.0 97.9 96.7 

100.0 100.0 99.6 96.7 

100.0 100.0 99.3 98.4 

88.7 87.1 80.5 59.7 

90.2 87.9 83. 4 66.8 

77.2 76.5 61.5 55.0 

0 
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Summary of Data 

Soil Air Dried Preparation Mechanical Analysis 
Sample Date Visual % Passing % Passing 
Number Tested Description 2 1-1/2 1 3/4 3/8 No.4 No.10 No.40 No.200 

029 2-2-65 Red Sandy Clay 100.0 100.0 100.0 99.7 99.4 98.8 98.6 97.7 85.9 

030 2-2-65 Brown Silty Clay 100.0 100.0 100.0 100.0 100.0 99.9 99.6 98.8 97.1 

031 1-29-65 Tan Silty Clay 100.0 100.0 100.0 100.0 99.3 98. 1 97.3 92,4 88.5 

032 2-3-65 Brown Sandy Clay 100.0 100.0 100.0 100.0 88.8 79.6 64.9 56.6 42.4 

033 2-3-65 Tan Sandy Clay 100.0 100.0 100.0 100.0 92.1 81.0 76.7 56.7 47.5 

034 2-3-65 Tan Sandy Clay 100.0 100.0 100.0 100.0 98.5 96.3 93.5 79.6 66.8 

035 2-3-65 Tan Sandy Clay 100.0 100.0 100.0 100.0 97.8 93.2 92.9 79.3 63.5 

036 ·1-30-65 Reddish Brown Clay 100.0 100.0 100.0 100.0 92.5 78.9 77.9 67.8 60.6 

037 2-3-65 Brown Silty Clay 100.0 100.0 100.0 100.0 100.0 100.0 99.6 98.1 62.7 

038 2-3-65 Brown Silty Clay 100.0 100.0 100.0 100.0 100.0 100.0 100.0 58.3 41.3 

039 2-5-65 Tan Silty Clay 100.0 100.0 100.0 100.0 100.0 100.0 100.0 60.2 36.5 

o4o 2-9-65 Sandy Silt 100.0 100.0 100.0 100.0 98.8 97.9 97.1 95.6 39.1 

o41 2-9-65 Sand 100.0 100.0 100.0 100.0 99.1 96.6 93.1 87.9 43.7 

o42 2-10-65 Red Sandy Gravel 100.0 100.0 100.0 100.0 80.1 56.7 44.8 39.3 15.0 

043 2-5-65 Brown Sand 100.0 100.0 100.0 100.0 84.9 66.5 50.3 44.4 23.4 

0 
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Summary of' Data 

Soil Air Dried Preparation 
Sample Date Visual % Passing 
Number Tested fuscription 2 1-1/2 1 3/4 

o44 2-4-65 Red Sandy Clay 100.0 100.0 100.0 100.0 

o45 2-8-65 Tan Silty Clay 100.0 100.0 100.0 100.0 

o46 2-8-65 Brown Sand 100.0 100.0 100.0 100.0 

o47 2-9-65 Brown Sandy Gravel 100.0 100.0 100.0 100.0 

o48 2-8-65 Red Sand 100.0 100.0 100.0 100.0 

o49 2-11-65 Red Sandy Clay 100.0 100.0 100.0 100.0 

050 2-11-65 Tan Sandy Clay 100.0 100.0 100.0 100.0 

051 2-8-65 Red Sandy Clay 100.0 100.0 100.0 100.0 

052 2-16-65 Tan Sand 100.0 100.0 100.0 100.0 

053 2-15-65 Brown Sandy Clay 100.0 100.0 100.0 100.0 

054 2-11-65 Tan Sandy Clay 100.0 100.0 100.0 100.0 

055 2-16-65 Red Sand with Clay 100.0 100.0 100.0 100.0 

056 2-22-65 Red Clay 100.0 100.0 100.0 100.0 

057 2-16-65 Tan Sandy Clay 100.0 100.0 100.0 100.0 

3/8 

93.3 

100.0 

95.5 

71.0 

100.0 

90.8 

76.4 

100.0 

100.0 

100.0 

100.0 

98.3 

100.0 

100.0 

Mechanical Analysis 
% Passing 

No.4 No.10 No.40 No.200 

86.9 79.5 77.3 45.9 

100.0 99.8 99.7 76.1 

91.5 87.1 85.6 30.1 

39.6 24.9 19.7 8.1 

100.0 99.6 99.1 31.5 

81.8 72.9 71.0 38.2 

58.2 40.1 36.3 17.7 

100.0 99.2 98.7 77.5 

100.0 99.9 99.9 24.9 

100.0 99.5 99.2 87.6 

100.0 99.9 99.7 78.6 

96.2 94.9 93.3 59,9 

100.0 99.1 98.5 68.8 

100.0 99.6 97.4 ~~ ·.3 

..., 
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Soil 
Sample Date Visual 
Number Tested Description 2 

058 2-18-65 Brown Sand 100.0 

059 2-18-65 Brown Sand 100.0 

060 2-18-65 Red Sand 100.0 

o61 2-23-65 Red Sandy Clay 100.0 

062 2-22-65 Tan Silty Clay 100.0 

o63 2-22-65 Sandy Silt 100.0 

064 3-1-65 Tan Silty Clay 100.0 

o65 2-23-65 Tan Clayey Sand 100.0 

066 2-22-65 Tan Clay 100.0 

067 2-23-65 Tan Clayey Sand 100.0 

068 3-1-65 Tan Clay 100.0 

o69 3-4-65 Brownish Gray Clay 100.0 

070 3-2-65 Tan Clayey Sand 100.0 

071 3-1-65 Red Sand 100.0 

Summary of Data 

Air Dried Preparation 
% Passing 

1-1/2 1 3/4 3/8 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 90.6 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 95.7 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

Mechanical Analysis 
/o Passing 

No.4 No.10 No. 40 No.200 

100.0 99.9 99.8 13.6 

82.0 64.9 57.7 7.7 

100.0 100.0 99.3 17.2 

93.0 83.0 74.5 45.0 

100.0 99.9 99.4 91.2 

100.0 99.3 97.4 73.1 

100.0 98.7 97.3 76.2 

99.4 98.8 97.2 69.8 

100.0 99.9 99.7 94.9 

100.0 98.7 95.8 64.9 

100.0 97.9 97.6 97.5 

100.0 99.9 99.9 99.3 

100.0 99.1 98.1 48.2 

100.0 98.9 94.4 19.2 

..., 
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Sunnnary of Data 

Soil Air Dried Preparation Mechanical Analysis 
Sample Date Visual % Passing % Passing 
Number Tested Description 2 1-1/2 1 3/4 3/8 No.4 No.10 No.40 No.200 

072 3-2-65 Red Clayey Sand 100.0 100.0 100.0 100.0 100.0 100.0 99,9 99.4 61.7 

073 3-2-65 Brownish Silty Clay 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.1 98.1 

074 1-30-65 Tan Sand 100.0 100.0 100.0 100.0 100.0 100.0 99.9 99.5 44.8 

075 3-4-65 Brown Silty Clay 100.0 100.0 100.0 100.0 100.0 100.0 99.8 98.8 94.1 

076 3-8-65 Brown Clay 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.4 98.3 

077 3-8-65 Red Silt 100.0 100.0 100.0 100.0 100.0 100.0 99.9 99.9 78.4 

078 1-30-65 Clay-Sand 100.0 100.0 100.0 100.0 100.0 100.0 99,9 99.8 26.1 

079 3-8-65 Red Clayey Silt 100.0 100.0 100.0 100.0 100.0 100.0 99.9 98.4 86.6 

o30 3-9-65 Reddish Brown Clay 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.8 98.9 

081 3-8-65 Brown Silty Sand 100.0 100.0 100.0 100.0 100.0 100.0 99,9 99.8 68.2 
082 3-15-65 Brown Sandy Clay 100.0 100.0 100.0 100.0 100.0 100.0 99.9 98.7 74.o 

083 3-15-65 Tan Silty Clay 100.0 100.0 100.0 100.0 100.0 100.0 99.7 97.9 80.6 

084 3-8-65 Red Sandy Clay 100.0 100.0 100.0 100.0 98.9 97.3 95.9 93.0 57,1 

085 3-11-65 Red Sandy Clay 100.0 100.0 100.0 100.0 95.8 92.1 88.8 81.5 40.7 

086 1-29-65 Tan Sand 100.0 100.0 100.0 100.0 100.0 100.0 99.7 99.4 29.9 
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Summary of Data 

Soil Air Dried Preparation Sample Date Visual % Passing Number Tested D:!scription 2 1-1/2 l 3/4 

087 3-11-65 Tan Sand 100.0 100.0 100.0 100.0 

o88 3-9-65 White Sand 100.0 100.0 100.0 100.0 

089 3-15-65 Tan Sandy Clay 100.0 100.0 100.0 100.0 

090 3-11-65 Tan Sand 100.0 100.0 100.0 100.0 

091 5-11-65 Brovm Silty Sand 100.0 100.0 100.0 100.0 

092 5-11-65 Tan Sand 100.0 100.0 100.0 100.0 

093 6-16-65 Tan Sandy Clay 100.0 100.0 100.0 100.0 

094 6-16-65 Tan Sandy Clay 100.0 100.0 100.0 100.0 

095 5-4-65 Tan Sand 100.0 100.0 100.0 100.0 

096 5-19-65 Tan Sand 100.0 100.0 100.0 100.0 

097 5-1.1.:.65 Brown Silty Sand 100.0 100.0 100.0 100.0 

098 5-19-65 Tan Sand 100.0 100.0 100.0 100.0 

099 5-4-65 Red Sandy Clay 100.0 100.0 100.0 100.0 

100 5-17-65 Red Sandy Clay 100.0 100.0 100.0 100.0 

3/8 

100.0 

100.0 

99.5 

100.0 

100.0 

100.0 

97.4 

97.4 

64.6 

84.5 

79.7 

81.5 

84.8 

87.1 

Mechanical Analysis 
°lo Passing 

No.4 No.10 No.40 No.200 

100.0 99.9 99.3 17.1 

100.0 99.8 99.1 28.9 

99.5 98.8 98.2 66.9 

100.0 · 99.5 99.2 35.9 

100.0 99.2 90.2 13.7 

100.0 97.9 87.7 17.6 

96.2 92.7 89.8 64.9 

96.2 92.7 89.8 64.9 

37.9 20.8 11.6 5.2 

73.9 55.9 34.6 11.2 

64.1 46.9 28.2 8.1 

67.6 51.6 31.5 9.7 

75.5 53.5 34.7 13.5 

78.1 58.3 38.5 15.4 
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Summary of Data 

Soil Air Dried Preparation Mechanical .Analysis Sample Date Visual 1o Passing % Passing Number Tested Description 2 1-1/2 l 3/4 3/8 No.4 No.10 No.40 No.200 
101 5-3-65 Brown Sand 100.0 100.0 100.0 100.0 100.0 100.0 99.8 96.1 34.2 
102 5-12-65 Brown Silty Sand 100.0 100.0 100.0 100.0 100.0 99.4 98.8 93.8 32.9 
103 5-21-65 Tan Clay 100.0 100.0 100.0 100.0 100.0 100.0 98.9 96.6 72.7 
lo4 5-21-65 Tan Clay 100.0 100.0 100.0 100.0 100.0 100.0 97.4 94.9 74.6 
105 5-3-65 Red Silty Clay 100.0 100.0 100.0 100.0 100.0 100.0 84.9 72.0 45.6 
106 5-21-65 Brown Clay 100.0 100.0 100.0 100.0 100.0 100.0 99,7 99.6 16.0 
107 5-12-65 Tan Sand 100.0 100.0 100.0 100.0 99.4 99.4 97.9 96.9 4.8 
108 5-19-65 Red Sandy Clay 100.0 100.0 100.0 100.0 100.0 100.0 97.8 95.1 58.4 
109 5-7-65 Red Clayey Silt 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.7 71.4 
110 6-2-65 Red Sandy Clay 100.0 100.0 100.0 100.0 100.0 100.0 99.8 99.3 80.3 
111 5-3-65 Tan Sand 100.0 100.0 100.0 100.0 100.0 100.0 99.6 99.2 34,5 
112 5-20-65 Red Clay 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.8 47.6 
113 5-12-65 Tan Sand 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.4 2.0 
114 5-3-65 Red Sand 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.8 25.9 
115 5-12-65 Red Sand 100.0 100.0 100.0 100.0 88.8 81.2 69.9 54.8 9.0 
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Sunnn.ary of Data 

Soil Air Dried Preparation Mechanical Analysis 
Sample Date Visual '/o Passing c/o Passing 
Number Tested Description 2 1-1/2 1 3/4 3/8 No.4 No.10 No.40 No.200 

116 5-3-65 Tan Sand 100.0 100.0 100.0 100.0 92.6 82.3 72.8 25.7 5.4 

117 5-7-65 White Sand 100.0 100.0 100.0 100.0 96.9 94.3 91.2 51.2 2.1 

118 5-9-65 Red Sand 100.0 100.0 100.0 100.0 98.9 97.2 94.9 70.2 11.2 

119 5-7-65 Red Silty Clay 100.0 100.0 100.0 100.0 99.4 98.8 97.6 75.8 31.9 

120 5-10-65 Red Sand 100.0 100.0 100.0 100.0 100.0 99.3 97.1 58.9 9.3 

121 6-2-65 Red Sand 100.0 100.0 100.0 100.0 99.5 98.8 97.9 85.2 15.4 

122 5-12-65 Tan Sand 100.0 100.0 100.0 100.0 100.0 100.0 99.3 71.8 3.6 

123 5-17-65 Red Clayey Sand 100.0 100.0 100.0 100.0 99.4 98.6 97.6 66.4 20.4 

124 5-10-65 Red Sand 100.0 100.0 100.0 100.0 82.7 60.4 42.8 17.5 4.6 

125 5-17-65 Red Clayey Sand 100.0 100.0 100.0 100.0 81.8 57.6 40.l 22.9 1.7 

126 5-4-65 Red Sand 100.0 100.0 100.0 100.0 84.l 68.4 56.7 40.9 8.5 

127 6-3-65 Tan Clay 100.0 100.0 100.0 100.0 100.0 100.0 99.8 97.2 94.1 

128 6-3-65 Brown Clay 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.6 98.0 

129 6-3-65 Tan Sandy Clay 100.0 100.0 100.0 100.0 100.0 100.0 99.1 98.1 94.4 

130 6-4-65 Brown Clay 100.0 100.0 100.0 100.0 98.4 97.8 96.9 95.5 91. 7 
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Soil 
Sample Date Visual 
Number Tested Description 2 

131 5-21-65 Dark Tan Clay 100.0 

132 5-10-65 Tan Sand 100.0 

133 6-23-65 Red Clay 100.0 

134 5-10-65 Gray Silt 100.0 

135 5-21-65 Red Clay 100.0 

136 5-19-65 Light Brown Clay 100.0 

137 5-21-65 Tan Clay 100.0 

138 · 6-4-65 Tan Clay 100.0 

139 6-17-65 Tan Clay 100.0 

140 5-19-65 Dark Tan Clay 100.0 

141 5-10-65 Tan Clayey Sand 100.0 

142 5-10-65 Brown Sand 100.0 

152 6-22-65 Tan Sand 100.0 

154 7-8-65 Red Clay with Gravel 100.0 

Summary of Data 

Air Dried Preparation 
% Passing 

1-1/2 l 3/4 3/8 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 98.5 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 68.9 

No.4 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

94.2 

100.0 

47.2 

Mechanical Analysis 
% Passing 

No.10 No.40 No.200 

99.4 98.8 96.8 

100.0 99. 8 4.5 

100.0 100.0 94.2 

99.8 98 .9 97.4 

100.0 99.2 96.9 

100.0 99.4 98.4 

100.0 98 .7 96.4 

100.0 95.7 94.4 

100.0 98.7 95.5 

100.0 98.4 93.9 

100.0 94.6 39.2 

89.8 57.5 8.9 

100.0 100.0 12.1 

31.9 31.7 14.1 
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Soil 
Sample Date Visual 
Number Tested Description 2 

155 7-8-65 Dark Tan Clay with 100.0 
Gravel 

156 7-8-65 Tan Clayey Sand 100.0 

157 7-7-65 Brown Sandy Gravel 100.0 

158 7-26-65 Tan Sandy Gravel 100.0 

159 7-26-65 Brown Sand 100.0 

160 7-16-65 Brown Sand 100.0 

161 7-16-65 Brown Sand 100.0 

162 7 26-65 Red Sandy Clay 100.0 

163 8-31-65 Tan Clay 100.0 

164 8-31-65 Tan Clay 100.0 

165 7-19-65 Brown Sand 100.0 

167 7-23-65 Tan Sand 100.0 

168 7-16-65 Tan Sand 100.0 

170 7-23-65 Red Sand 100.0 

/ 

Summary of Data 

Air Dried Preparation 
1o Passing 

1-1/2 1 3/4 3/8 

100.0 100.0 100.0 62.9 

100.0 100.0 100.0 60.2 

100.0 100.0 100.0 60.3 

100.0 100.0 100.0 65.9 

100.0 100.0 100.0 97.6 

100.0 100.0 100.0 97.8 

100.0 100.0 100.0 98.8 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 99.2 

100.0 100.0 100.0 92.9 

100.0 100.0 100.0 99.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 88.2 

No.4 

40. 7 

39,3 

38.2 

38.4 

90.3 

95.8 

97.8 

98.7 

100.0 

98.6 

82.2 

96.7 

100.0 

71.9 

Mechanical Analysis 
'/o Passing 

No.10 No.10 No.200 

26.4 26.3 7,7 

24.3 24.2 4.7 

22.6 17.1 3.0 

32.4 23.4 4.1 

82.5 65.2 14.7 

93.1 59.8 8.2 

96.5 68.1 18.6 

98.0 79.4 45.4 

98.3 80.9 47.0 

97.1 83.5 39.4 

68.4 53.7 7.7 

92.2 59.2 5,5 

98.6 62.3 8.3 

59.7 40.5 11.1 

0 
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Soil 
Sample Date Visual 
Number Tested ~scription 2 

171 7-7-65 Red Sand 100.0 

172 7-19-65 Tan Sand 100.0 

173 7.23-65 Tan Sand 100.0 

174 11-11-65 Donnafill 100.0 

175 11-11-65 Donnafill 100.0 

176 11-11-65 Donnafill 100.0 

200 9-30-65 Tan Sandy Clay with 100.0 
Gravel 

201 1-11-66 Tan Sandy Clay 100.0 

202 1-6-66 Tan Sandy Clay 100.0 

203 1-13-66 Sandy Clay with Gravel 100.0 

204 1-12-66 Tan Sandy Gravel 100.0 

205 1-13-66 Tan Sandy Gravel 100.0 

2o6 1-10-66 Tan Sandy Gravel 100.0 

207 1-12-66 Tan Sandy Gravel 100.0 

Summary of Data 

Air Dried Preparation 
% Passing 

1-1/2 1 3/4 3/8 

100.0 100.0 100.0 90.6 

100.0 100.0 100.0 78.8 

100.0 100.0 100.0 56.5 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 86.2 62.2 

100.0 100.0 100.0 76.7 

100.0 100.0 100.0 76.9 

100.0 100.0 85.9 62.3 

100.0 100.0 100.0 76.2 

100.0 100.0 100.0 74.7 

100.0 100.0 100.0 78.5 

100.0 100.0 100.0 75.9 

No.4 

78.7 

51.9 

34.3 

100.0 

100.0 

100.0 

48.1 

63.3 

61.4 

48.8 

58.8 

58.7 

64.5 

59.8 

Mechanical Analysis 
% Passing 

No.10 No.40 No.200 

70.1 51.7 11.8 

29.1 11.7 3.0 

18.8 18.6 2.8 

100.0 81.9 30.2 

100.0 82.7 31.l 

100.0 82.7 22.6 

32.5 10.9 4.5 

41.6 9.3 2.9 

37.1 5.6 2.1 

32.7 7.9 2.4 

38.9 9.3 3.1 

35.6 6.5 2.2 

45.4 7.2 1.9 

38.3 10.3 2.2 

0 
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I-' 
\.)I 



Soil 
Sample Date Visual 
Number Tested Description 2 

208 1-11-66 Tan Sandy Gravel 100.0 

209 10-6-65 Sandy Clay with Gravel 100.0 

210 9-24-65 Yellow Clayey Sand 100.0 

211 9-30-65 Gray Sand 100.0 

212 9-28-65 Yellow Clayey Sand 100.0 

213 9-30-65 Yellow Clayey Sand 100.0 

214 9-29-65 Yellow Clayey Sand 100.0 

215 · 9-24-65 Yellow Sandy Clay 100.0 

216 10-4-65 Yellow Clayey Sand 100.0 

217 9-27-65 Gray Sandy Silt 100.0 

218 10-4-65 Gray Sandy Silt 100.0 

219 10-6-65 Gray Sandy Silt 100.0 

220 1-14-65 Gray Sandy Silt 100.0 

221 10-14-65 Gray Sandy Silt 100.0 

Summary of Data 

Air Dried Preparation 
o/o Passing 

1-1/2 1 3/4 3/8 

100.0 100.0 100.0 73.2 

100.0 100.0 86.9 59.2 

100.0 100.0 100.0 71.6 

100.0 100.0 66.5 36.3 

100.0 100.0 100.0 72.1 

100.0 100.0 78.7 46.4 

100.0 100.0 65.2 17.3 

100.0 100.0 100.0 72.2 

100.0 100.0 100.0 73.7 

100.0 100.0 68.9 42.2 

100.0 100.0 100.0 60.2 

100.0 100.0 100.0 63.6 

100.0 100.0 100.0 92.6 

100.0 100.0 100.0 52.9 

No.4 

55.8 

43.6 

42.2 

32.1 

49.9 

31.1 

12.6 

55.3 

50.7 

37.3 

39.4 

44.7 

53.9 

31.5 

Mechanical Analysis 
% Passing 

No.10 No.40 No.200 

30.4 8.3 2.9 

22.l 6.1 2.4 

27.1 12.6 5.5 

18.5 9.7 4.6 

32.6 19.8 8.1 

17.2 9.4 4.o 

6.6 4.6 2.2 

35.7 24.3 8.5 

32.3 7.8 2.7 

19.2 11.4 5.3 

20.6 6.9 2.7 

28.8 17.3 7.8 

32.3 17.2 8.1 

16.5 8.7 6.5 

0 
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Summary of' Data 

Soil Air Dried Preparation Mechanical Analysis Sample Date Visual % Passing % Passing Number Tested Description 2 1-1/2 1 3/4 3/8 No.4 No.10 No.40 No.200 

222 10-21-65 Yellow Sandy Clay 100.0 100.0 100.0 77.4 45.4 31.9 20.1 12.1 6.7 

223 10-14-65 Gray Sandy Silt 100.0 100.0 100.0 100.0 77.5 52.1 26.9 12.7 6.o 

224 1-13-66 Gray Sandy Silt 100.0 100.0 100.0 100.0 6.9 47.8 30.5 19.5 10.7 

225 1-10-66 Gray Sandy Silt 100.0 100.0 100.0 100.0 72.7 49.9 31.5 16.4 5.8 

226 1-14-65 Gray Sandy Silt 100.0 100.0 100.0 100.0 71.4 50.6 30.8 20.8 11.3 

227 10-11-65 Gray Sandy Silt 100.0 100.0 100.0 77.3 47.3 32.2 21.9 13.8 4.4 

228 10-20-65 Gray Sandy Silt 100.0 100.0 100.0 100.0 65.8 44.1 22.4 11.3 5.9 

229 10-6-65 Gray Sandy Silt 100.0 100.0 100.0 75.4 43.7 25.5 16.4 8.2 3.5 

230 10-11-65 Brown Clayey Sand 100.0 100.0 100.0 100.0 74.4 58.0 42.3 28.2 7.3 

231 10-12-65 Gray Sandy Silt 100.0 100.0 100.0 100.0 70.7 46.8 29.6 10.7 4.9 

232 3-19-66 Gray Silt 100.0 100.0 100.0 100.0 69.6 46.9 30.7 12.2 5.3 

233 3-19-66 Tan Sandy Silt 100.0 100.0 100.0 100.0 71.0 55.3 37.5 25.5 7.5 

234 1-10-66 Sandy Silt with Gravel 100.0 100.0 100.0 100.0 69.1 52.5 29.4 18.1 5.4 

235 10-14-65 Gray Sandy Silt 100.0 100.0 100.0 55.4 31.4 29.1 10.2 6.6 3.1 

236 3-21-66 Tan Sand 100.0 100.0 100.0 100.0 73.9 57.4 40.0 26.1 8.0 
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Summary of Data 

Soil 
Air Dried Preparation Mechanical Analysis Sa=rrple Date VisuaJ. % Passing 

'fo Passing Nu:ml>er Tested Description 2 1-1/2 1 3/4 3/8 No.4 No.10 No.40 No.200 237 10-18-65 Gray SandY Silt 100.0 100.0 100.0 78.9 47.1 32.2 18.8 7.3 2,9 
238 10-20-65 Gray Sandy Silt 100.0 100.0 100.0 100.0 72.4 50.3 25.7 10.3 4.1 
239 1-7-66 Gray Sandy Silt 100.0 100.0 100.0 65.9 21.1 16.6 10.1 6.6 3.2 240 5-11-65 Gray Sandy Silt 100.0 100.0 100.0 100.0 57.8 28.8 13.6 7.2 3.2 241 ll-4-65 Gray Sandy Silt 100.0 100.0 100.0 67.7 25.5 21.4 12.7 6.6 o.4 242 1-6-66 Gray Sandy Silt 100.0 100.0 100.0 81.6 48.9 32.8 16.5 3,5 1.5 243 3-19-66 Gray Silt 100.0 100.0 100.0 100.0 69.7 47.1 32.0 18.6 7.5 244 1-6-66 Crushed Limestone 100.0 100.0 100.0 63.2 20.4 17.3 10.5 7.8 3.3 245 10-25-65 Gray Sandy Silt 100.0 100.0 100.0 100.0 70.6 47.7 34.9 19.7 8.7 246 1-9-66 Crushed Limestone 100.0 100.0 100.0 100.0 75.3 51.7 27.1 10.6 4.2 

247 ll-22-65 Crushed Limestone 100.0 100.0 100.0 71.3 42.0 30.6 21.6 12.6 4.2 
248 11-1-65 Crushed Limestone 100.0 100.0 100.0 100.0 70.2 39.7 26.4 15.1 5.3 
249 1-9-66 Tan Sandy Clay 100.0 100.0 100.0 100.0 74.8 59.0 33,7 18.7 6.1 
250 1-8-66 Red Clay 100.0 100.0 100.0 100.0 99.4 99.1 98.0 74.7 33,3 251 1-7-66 Tan Clayey Sand 100.0 100.0 100.0 100.0 78.5 54.1 30.6 11.9 1.4 
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Summary o:f Data 

Soil 
Air Dried Preparation Mechanical Analysis Sanple Date Visual % Passing 1o Passing Number Tested Description 2 1-1/2 l 3/4 3/8 No.4 No.10 No.40 No.200 

252 1-8-66 Tan Clayey Sand 100.0 100.0 100.0 100.0 73.1 58.0 43.3 29.1 8.6 
253 10-27-65 Gray Silty Sand 100.0 100.0 100.0 100.0 58.0 36.2 15.4 6.8 2.8 
254 10-27-65 Gray Silt 100.0 100.0 100.0 100.0 63.1 42.l 19.3 8.2 3.4 
255 10-25-65 Gray Sandy Silt 100.0 100.0 100.0 72.5 41.7 28.7 20.1 1.4 4.7 
2.56 11-1-65 Gray Silty Sand 100.0 100.0 100.0 63.4 34.7 30.2 13.4 7.3 2.5 
257 3-21-66 Gray Crushed Rock 100.0 100.0 100.0 48.8 18.8 16.2 6.9 3.9 l.7 
258 3-19-66 Gray Crushed Rock 100.0 100.0 100.0 71.2 29.1 23.0 11.9 6.o 2.4 
259 10-6-65 Tan Sandy Clay 100.0 100.0 100.0 100.0 74.8 58.3 41.9 31.5 10.5 
260 10-5-65 Crushed Rock 100.0 100.0 100.0 69.5 30.1 25.1 13.6 7.8 3.9 
261 10-5-65 Tan Silty Sand 100.0 100.0 100.0 100.0 74.7 56.4 39.1 25.7 8.3 
262 10-5-65 Tan Silty Sand 100.0 100.0 100.0 100.0 73.3 57.6 40.7 29.1 8.6 
263 10-5-65 Tan Silty Sand 100.0 100.0 100.0 100.0 75.8 57.2 35.5 22.5 7.1 
264 10-1-65 Tan Silty Sand 100.0 100.0 100.0 100.0 74.3 59.1 39.0 27.9 9.3 
265 10-1-65 Silty Sand with 100.0 100.0 100.0 100.0 69.4 51.5 32.2 29.5 11.9 Gravel 

266 10-1-65 Tan Silty Sand 100.0 100.0 100.0 100.0 69.8 50.9 30.9 22.9 9.3 
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Summary of Data 

Soil 
Air Dried Preparation Mechanical Analysis S~ple Date Visual o/o Passing °lo Passing Number Tested Description 2 1-1/2 l 3/4 3/8 No.4 No.10 No.40 No.200 

267 10-1-65 Tan Silty Sand 100.0 100.0 100.0 100.0 . 70. 7 52.4 37.5 24.2 7.9 
268 10-1-65 Tan Silty Sand 100.0 100.0 100.0 100.0 73.6 55.9 39.3 26.2 8.7 
269 9-28-65 Tan Silty Sand 100.0 100.0 100.0 100.0 74.7 57.1 41.9 30.8 11.l 
270 9-28-65 Silty Sand with 100.0 100.0 100.0 100.0 73.4 53.9 35.9 24.4 8.7 Gravel 

271 3-19-66 Tan Silt 100.0 100.0 100.0 100.0 39.1 17.3 9.4 5.7 1.9 
272 3-19-66 Tan Silt 100.0 100.0 100.0 100.0 53.4 30.9 18.8 11.9 4.0 
273 3-21-66 Tan Crushed Rock 100.0 100.0 100.0 100.0 48.8 24.1 13.3 9.3 3.2 
274 3-25-66 Tan Crushed Rock 100.0 100.0 100.0 100.0 45.2 22.4 13.9 9.1 3.0 
275 3-25-66 Tan Crushed Rock 100.0 100.0 100.0 100.0 57.1 33.3 21.6 12.7 4.3 
276 3-25-66 Silty Sand with 100.0 100~0 100.0 100.0 68.2 47.6 31.4 24.3 9.0 Gravel 

277 3-25-66 Brown Silty Sand 100.0 100.0 100.0 100.0 72.9 54.9 32.4 22.2 9.8 
278 4-1-66 Brown Silty Sand 100.0 100.0 100.0 100.0 73.9 54.2 31.9 22.9 9.2 
279 4-2-66 Brown Silty Sand 100.0 100.0 100.0 100.0 76.7 58.7 40.2 31.6 ·11'.7 
280 4-2-66 Tan Silt with Gravel 100.0 100.0 100.0 100.0 65.1 37.3 27.5 22.0 11.2 
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Summary of Data 

Soil 
Air Dried Preparation Mechanical Analysis Samu le Date Visual % Passing o/o Passi!:.€ 

-
1-1/2. 1 3/4 3/8 No.4 No.10 No.40 No.200 

Number Tested Description 2 
281 4-2-66 Gray Crushed Stone 100.0 100.0 100.0 100.0 60.8 37.0 18.7 9,9 4.2 282 4-2-66 Gray Crushed Stone 100.0 100.0 100.0 100.0 49.9 27.8 13.6 6.6 2.8 283 4-2-66 Gray Crushed Stone 100.0 100.0 100.0 100.0 62.7 40.4 22.2 13.1 5,3 284 4-9-66 Gray Crushed Stone 100.0 100.0 100.0 100.0 64.3 44.7 26. 7 10.3 3.9 285 4-9-66 Gray Crushed Stone 100.0 100.0 100.0 100.0 70.5 47.1 27.6 12.8 4.9 286 4-9-66 Gray Crushed Stone 100.0 100.0 100.0 100.0 53.3 29.9 14.4 5.7 2.6 287 4-9-66 Gray Crushed Stone 100.0 100.0 100.0 100.0 52.9 25.3 11.1 5.3 2.4 288 4-9-66 Gray Crushed Stone 100.0 100.0 100.0 100.0 63.1 38.6 19.9 11.1 4.4 289 4-9-66 Gray Crushed Stone 100.0 100.0 100.0 100.0 58.9 36.1 19.4 10.4 4.o 290 4-11-66 Gray Crushed Stone 100.0 100.0 100.0 100.0 72.2 51.1 32.3 17.4 6.7 291 1-14-66 Red Sandy Clay 100.0 100.0 100.0 83.2 61.2 49.9 33.4 15.1 2.9 292 1-14-66 Red Sandy C1ay 100.0 100.0 100.0 86.o 66.3 55.2 38.2 23.7 4.1 293 1-15-66 Red Sandy Clay 100.0 100.0 100.0 84.3 60.8 49.7 34.1 19.4 3.6 294 1-15-66 Brown Sandy Gravel 100.0 100.0 100.0 85.7 63.2 52.0 38.2 23.2 3.8 295 1-15-66 Red Sandy Clay 100.0 100.0 100.0 88.5 68.7 56.9 39.9 22.9 4.0 
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Soil 
Sample Date Visual 
Number Tested Description 2 

296 1-15-66 Brown Sandy Clay 100.0 

297 1-17-66 Brown Sandy Clay 100.0 

298 1-17-66 Sandy Clay with 100.0 
Gravel 

299 1-17-66 Brown Sandy Clay 100.0 

300 1-18-66 Brown Sandy Clay 100.0 

301 4-13-66 Gray Silt 100.0 

302 4-13-66 Gray Silt 100.0 

303 4-13-66 Gray Silt 100.0 

3o4 4-13-66 Gray Silt 100.0 · 

305 4-14-66 Gray Silt 100.0 

3o6 4-14-66 Gray Silt 100.0 

307 4-14-66 Gray Silt 100.0 

308 4-14-66 Gray Silt 100.0 

309 4-14-66 Gray Silt 100.0 

/ 

Summary of Data 

Air Dried Preparation 

1-1/2 
% Passing 

1 3/4 3/8 

100.0 100.0 86.5 65.2 

100.0 100.0 86.7 66.1 

100.0 100.0 100.0 73.9 

100.0 100.0 84.9 63.5 

100.0 100.0 100.0 74.7 

100.0 100.0 100.0 40.7 

100.0 100.0 100.0 39.0 

100.0 100.0 100.0 42.6 

100.0 100.0 100.0 44.2 

100~0 100.0 100.0 41.2 

100.0 100.0 100.0 44.9 

100.0 100.0 76.5 40.5 

100.0 100.0 · 100.0 43.1 

100.0 100.0 100.0 45.9 

No.4 

53.2 

54.4 

61.8 

52.2 

60.3 

20.9 

23.8 

25.0 

24.8 

23.4 

26.4 

26.3 

25.6 

28.7 

Mechanical Analysis 
% Passing 

No.10 No.40 No.200 

37.5 23.3 3.9 

37,3 21.7 4.1 

35.1 26.2 8.4 

34.8 18.9 3.4 

37.4 18.8 3.9 

12.7 8.7 3.5 

12.8 8.7 3.3 

13.5 9.2 3.7 

16.6 10.9 4.2 

14.2 10.6 4.3 

16.5 10.2 4.0 

14.o 7.3 2.9 

14.7 8.9 3.5 

16.4 9.4 3.6 
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Summary of Data 

Soil 
Air Dried Preparation Sample Date Visual °lo Passing Number Tested Description 2 1-1/2 1 3/4 3/8 

310 4-14-66 Gray Silt 100.0 100.0 100.0 100.0 43.8 
311 4-14-66 Gray Silt 100.0 100.0 100.0 73.7 43.8 
312 4-14-66 Gray Silt 100.0 100.0 100.0 77.6 43.2 
313 4-23-66 Crushed Rock Fines 100.0 100.0 100.0 100.0 61.9 
314 4-23-66 Gray Crushed Fines 100.0 100.0 100.0 83.0 51.2 
315 4-30-66 Crushed Rock Fines 100.0 100.0 100.0 80,5 48.1 
316 4-30-66 Crushed Rock Fines 100.0 100.0 100.0 74.3 40.9 
317 4-30-66 Crushed Rock Fines 100.0 100.0 100.0 100.0 59.7 
318 4-30-66 Crushed Rock Fines 100.0 100.0 100.0 100.0 1.1 
319 4-30-66 Crushed Rock Fines 100.0 100.0 100.0 100.0 67.8 
320 4-30-66 Crushed Rock Fines 100.0 100.0 100.0 100.0 65.2 
321 5-14-66 Tan Sandy Silt 100.0 100.0 100.0 100.0 37.1 
322 5-14-66 Tan Sancy Silt 100.0 100.0 100.0 100.0 50.7 
323 5-14-66 Tan Sandy Silt 100.0 100.0 100.0 100.0 55.4 
324 5-14-66 Tan Sandy Silt 100.0 100.0 100.0 100.0 46.1 

No.4 

23.7 

27.7 

24.7 

40.0 

31.8 

31.6 

23.7 

38.8 

37.6 

48.3 

43.3 

26.7 

35.1 

40.5 

34.6 

Mechanical Analysis 
1o Passing 

No.10 No.40 No.200 

17.1 11.9 4.6 

15.6 9.1 3.7 
· 12.6 7.9 3,3 

20.7 11.9 4.5 

15.1 9.3· 4.3 

19.9 12.6 5.4 

12.1 7.9 3.7 

16.6 9.5 4.1 

15.5 9.6 4.5 

25.3 13.7 5.9 

22.2 15.9 5.3 

17.6 15.1 4.9 

22.9 17.9 6.1 

27.3 23.0 8.3 

24.6 22.0 7.4 
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Summary of Data 

Soil 
Air Dried Preparation Mechanical Analysis S a.::i.:ple Date Visual % Passing 'fo Passing Number Tested Description 2 1-1/2 1 3/4 3/8 No.4 No.10 No.40 No.200 

325 5-14-66 Tan Sandy Silt 100.0 100.0 100.0 100.0 45.4 28.8 17.8 9.9 4.6 
326 5-14-66 Tan Sandy Silt 100.0 100.0 100.0 100.0 41.1 25.6 15.7 10.8 4.9 
327 5-16-66 Tan Sandy Silt 100.0 100.0 100.0 100.0 46.5 28.9 17.6 11.1 5.0 
328 5-16-66 Tan Sandy Silt 100.0 100.0 100.0 100.0 50.5 37.2 26.8 22.9 8.1 
329 5-16-66 Tan Sandy Silt 100.0 100.0 100.0 100.0 46.4 33.4 22.8 19.8 6.9 
330 5-16-66 Tan Sandy Silt 100.0 100.0 100.0 100.0 51.5 38.9 26.8 23.2 7.6 
331 5-16-66 Tan Sandy Silt 100.0 100.0 100.0 100.0 55.8 28.4 9.4 4.6 2.9 
332 5-20-66 White Rock Fines 100.0 100.0 100.0 100.0 58.2 33.0 15.6 6.6 3.7 
333 5-20-66 White Rock Fines 100.0 100.0 100.0 100.0 60.2 33.1 14.4 8.1 5,4 
334 5-20-66 White Rock Fines 100.0 100.0 100.0 100.0 42.9 22.5 9.4 4.6 2.7 
335 5-20-66 White Rock Fines 100.0 100.0 100.0 100.0 56.1 32.7 15.6 8.3 4.9 
336 5-20-66 White Rock Fines 100.0 100.0 100.0 100.0 50.1 20.4 10.6 6.1 3.8 
337 5-21-66 White Rock Fines 100.0 100.0 100.0 100.0 59.2 37.8 22.5 12.4 6.8 
338 5-21-66 White Rock Fines 100.0 100.0 100.0 100.0 62.6 43.3 24.7 12.7 1~2 
339 5-21-66 Brown Sand with 100.0 100.0 100.0 100.0 67.5 51.7 40.9 22. 4 5.1 Gravel 
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Summary of Data 

Soil Air Dried Preparation Mechanical Analysis Samu le Date Visual % Passing 'Jo Passing 
-

2 1-1/2 1 3/4 3/8 No.4 No.10 No.40 No.200 
Number Tested Description 

340 5-21-66 Brown Sand 100.0 100.0 100.0 100.0 74.2 57.5 42.4 21.0 5.2 341 5-21-66 Brown Sand 100.0 100.0 100.0 88.2 67.0 54.2 39.4 15.1 1.8 342 5-21-66 Brown Sand 100.0 100.0 100.0 89.8 68.4 54.7 38.2 15.7 1.7 343 5-21-66 Brown Sand 100.0 100.0 100.0 100.0 70.4 53.0 39.1 20.2 4.4 344 5-24-66 Brown Sand 100.0 100.0 100.0 100.0 72.1 54.9 43.1 19.3 4.2 
345 5-24-66 Brown Sand 100.0 100.0 100.0 100.0 70.0 53.7 43.4 21.4 4.9 346 6-25-66 Brown Sand 100.0 100.0 100.0 100.0 70.5 53.6 31.7 14.6 4.3 
347 6-25-66 Brown Sand 100.0 100.0 100.0 100.0 77.6 59,5 35.9 12.5 1.1 
348 6-25-66 Brown Sand 100.0 100.0 100.0 90.8 68.8 54.1 31.9 11.5 1.2 
349 6-25-66 Brown Sand 100.0 100.0 100.0 100.0 77.5 61.2 31.4 8.3 1.0 
350 6-25-66 Brown Sand 100.0 100.0 100.0 100.0 72.8 56.9 15.4 4.4 1.3 
353 8-30-66 Sand with Gravel 100.0 100.0 100.0 100.0 63.0 44.0 26.5 16.5 2.9 
354 8-31-66 Sand with Gravel 100.0 100.0 100.0 78.9 43.7 29.4 18.3 10.3 1.9 
355 8-31-66 Tan Clay 100.0 100.0 100.0 100.0 80.8 63.0 45.9 31.7 15.8 
356 8-31-66 Brown Gravel 100.0 100.0 100.0 86.1 55.5 39.1 24.1 17.7 3.8 
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Summary of Data 

Soil 
Air Dried Preparation Mechanical Analysis Se.:iple Date Visual % Passing '/o Passing Number Tested Description 2 1-1/2 1 3/4 3/8 No.4 No.10 No.40 No.200 

357 9-1-66 Brown Gravel 100.0 100.0 100.0 80.6 45.5 30.4 20.8 13.2 2.4 
358 9-1-66 Brown Gravel 100.0 100.0 100.0 100.0 83.0 64.9 42.7 31.0 15.3 
359 9-1-66 Brown Gravel 100.0 100.0 100.0 87.6 62.7 48.6 34.5 24.8 4.6 
360 9-2-66 Br0vm Gravel 100.0 100.0 100.0 100.0 70.4 53.8 33.8 22.1 3.8 
361 9-2-66 Brown Gravel 100.0 100.0 100.0 100.0 74.4 59.2 35.0 22.9 3.8 
362 9-6-66 Bro,m Gravel 100.0 100.0 100.0 89.4 65.6 50. 7 28.3 17.6 2.3 
363 9-6-66 Bro,m Gravel 100.0 100.0 100.0 100.0 67.9 51.1 32.1 22.8 3.9 364 9-6-66 Tan Clay 100.0 100.0 100.0 100.0 91.2 84.6 72.4 50.4 23.4 
365 9-6-66 Tan Clay 100.0 100.0 100.0 100.0 87.9 79.6 63.2 44.2 23.9 
400 1-16-66 Sandy Silt with 100.0 100.0 100.0 100.0 76,5 61.1 46.8 44.o 20.9 Gravel 

401 7-21-66 Sand and Gravel 100.0 100.0 100.0 84.7 64.9 52.7 38.8 17.7 5.2 
402 7-21-66 Sand 100.0 100.0 100.0 100.0 78.8 64.1 49.0 30.4 7.7 
403 7-21-66 Black Organic Clay 100.0 100.0 100.0 ·100.0 94.6 91.5 73.9 70.6 63.3 
404 7-22-66 Red Clayey Sand with 100.0 100.0 100.0 100.0 73.4 56.7 38.9 16.6 4.6 Gravel 
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Soil 
Sample Date Visual 
Number Tested Description 2 

405 7-22-66 Gray Silty Sand 100.0 

4o6 7-25-66 Sand and Gravel 100.0 

407 7-25-66 Silt 100.0 

408 7-25-66 Sand 100.0 

409 7-26-66 Red Sand 100.0 

410 7-26-66 Sand 100.0 

411 7-26-66 Sand and Gravel 100.0 

412 7-26-66 Loess 100.0 

413 7-26-66 Silty Sand with 100.0 
Gravel 

414 7-27-66 Yellow Clay 100. 0 

415 7-29-66 Stone Fines 100.0 

416 8-29-66 Silty Sand 100.0 

417 8-29-66 Silty Sand 100.0 

418 8-29-66 Gravel and Sand 100.0 

Summary of Data 

Air Dried Preparation 

1-1/2 
o/o Passing 

1 3/4 3/8 

100.0 100.0 100.0 96.8 

100.0 100.0 82.2 55.1 

100.0 100.0 100.0 99.4 

100.0 100.0 100.0 98.6 

100.0 100.0 100.0 76.3 

100.0 100.0 100.0 96.9 

100.0 100.0 82.4 55.7 

100.0 100.0 100.0 99.8 

100.0 100.0 100.0 73.2 

100~0 100.0 100.0 99.9 

100.0 100.0 100.0 62.3 

100.0 100.0 100.0 99.9 

100.0 100.0 100.0 99.2 

100.0 100.0 100.0 79.5 

No.4 

94.2 

41.9 

99.0 

97.6 

62.7 

95.2 

45.5 

99.4 

54.9 

99.9 

43.9 

99.7 

98.7 

59.7 

Mechanical Analysis 

No.10 
1o Passing 

No.40 No.200 

90.8 75.3 26.2 

31.9 22.8 3.8 

98.3 93.7 91.0 

95.5 92.7 22.4 

46.o 20.2 5.2 

91.6 88.4 85.1 

35.4 26.0 8.6 

98.9 96.9 89.2 

34.9 23.0 8.8 

99.5 95.8 89. 4 

24.4 15.9 9. 4 

99.4 98 .4 33.6 

96.8 95.7 24.4 

38.9 25.6 9.7 
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Summary of Data 

Soil Air Dried Preparation Mechanical Analysis Sample Date Visual % Passing rfo Passing Number Tested Description 2 1-1/2 l 3/4 3/8 No.4 No.10 No.40 No.200 
419 8-30-66 stone Fines 100.0 100.0 100.0 100.0 69.0 54.3 33.6 18.1 10.0 
420 8-30-66 Stone Fines 100.0 100.0 100.0 100.0 69.3 48.4 25.7 19.8 10.5 
421 8-30-66 Brown Sandy Gravel 100.0 100.0 100.0 100.0 86.7 71,7 ·54,4 46.9 12.9 
422 8-30-66 Tan Silt 100.0 1,00.0 100.0 100.0 99.7 98.5 94.6 91.9 78.1 
423 8-31-66 Organic Clay 100.0 100.0 100.0 100.0 96.3 93.2 86.8 81.7 70.9 
424 8-31-66 Gravel and Red Sand 100.0 100.0 100.0 80.6 62.3 47.8 32.1 20.6 6.6 
425 9-1-66 Sand 100.0 100.0 100.0 100.0 99.9 99.8 99,5 99.2 6.5 
427 9-1-66 Gravel and Sand 100.0 100.0 100.0 82.1 52.9 40.8 30.3 15.6 5.7 
430 9-1-66 Black Silty Sand 100.0 100.0 100.0 100.0 99.8 99.6 98.2 95.8 43.6 
431 9-2-66 Gravel and Sand 100.0 100.0 100.0 100.0 76.3 58.9 45.0 13.6 5.1 
432 9-2-66 Sand 100.0 100.0 100.0 100.0 98.2 97.3 96.0 91.9 77,5 
433 9-6-66 Black Clay 100.0 100.0 100.0 100.0 99.7 99.7 99.1 98.7 89.3 
434 9-7-66 Tan Clay 100.0 100.0 100.0 100.0 85.2 76.8 59.4 41.1 39.4 
435 9-7-66 Black Clay 100.0 100.0 100.0 100.0 99.9 99.9 99.7 99.1 66.5 
501 10-17-67 Sandy Clay with 100.0 100.0 100.0 100.0 79.9 67.1 44.l 30.3 8.3 Gravel 
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Summary of' Data 

Soil 
Air Dried Preparation Mechanical Analysis Se:iple Date Visual o/o Passing r/o Passing Number Tested Description 2 1-1/2 1 3/4 3/8 No.4 No.10 No.40 No.200 

502 10-2-67 Tan Clay 100.0 100.0 100.0 100.0 99.6 99.4 98.7 95.0 86.1 
503 10-23-67 Sand 100.0 100.0 100.0 100.0 84.4 69.4 49.8 27.7 8.7 
5o4 10-3-67 Silty Sand 100.0 100.0 100.0 100.0 99.9 99.4 99.2 94.6 65.8 
505 10-11-67 Sand 100.0 100.0 100.0 100.0 100.0 100.0 100.0 84.8 26.4 
5o6 9-28-67 Black Clay 100.0 100.0 100.0 100.0 100.0 100.0 62.0 60.4 55.4 
507 10-18-67 Gravel and Sand 100.0 100.0 100.0 100.0 81.8 68.5 44.5 24.4 6.4 
508 10-3-67 Sand 100.0 100.0 100.0 100.0 100.0 100.0 99.9 78 •. 5 ll.l 
509 9-28-67 Black Silty Clay 100.0 100.0 100.0 100.0 100.0 100.0 99.7 97.4 84.2 
510 10-16-67 Black Silty Sand 100.0 100.0 100.0 100.0 45.4 28.4 14.1 11.5 5.4 
511 10-10-67 Gravel and Sand 100.0 100.0 100.0 100.0 80.4 65.9 44.7 23.6 6.2 
512 10-11-67 Clayey Sand 100.0 100.0 100.0 100.0 100.0 100.0 99,9 99.6 6.7 
513 9-28-67 Black Clay 100.0 100.0 100.0 100.0 100.0 100.0 99,7 98.7 93,3 
514 10-23-67 Gravel and Sand 100.0 100.0 100.0 100.0 80.3 67.5 45.1 30.3 7.6 
515 9-28-67 Tan Clay 100.0 100.0 100.0 100.0 99.5 99.1 se.9 90.9 87.9 
516 10-23-67 Gravel and Sand 100.0 100.0 100.0 100.0 70.6 48.1 33.8 22.6 5,7 
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Summary of Data 

Soil 
Air Dried Preparation V~chanical Analysis Sa.:n:ple Date Visual 

<fa Passing 
cfo Passing Number Tested Description 2 1-1/2 1 3/4 3/8 No.4 No.10 No.40 No.200 

517 9-27-67 Sandy Silt 100.0 100.0 100.0 100.0 99.6 98.8 97.8 96.7 85.1 
518 10-18-67 Gravel and Sand 100.0 100.0 100.0 100.0 71.4 49.9 27.1 23.7 9.1 
519 10-3-67 Clayey Sand 100.0 100.0 100.0 100.0 99.8 98.6 95.4 80.4 7.3 
520 10-2-67 Yellow Clay 100.0 .100.0 100.0 100.0 100.0 100.0 99.4 97.9 59.9 
521 10-16-67 Black Sandy Silt 100.0 100.0 100.0 100.0 71.9 55.1 31.7 24.7 15.1 
522 10-11-67 Gravel and Sand 100.0 100.0 100.0 100.0 77.9 57.9 36.3 27.5 10.9 
523 10-10-67 Sand 100.0 100.0 100.0 100.0 99.2 98.8 98.2 71.7 2.8 
524 10-10-67 Gravel with Fine Sand 100.0 100.0 100.0 100.0 100.0 100.0 99.2 98.6 62.5 
525 9-25-67 Tan Clay 100.0 100.0 100.0 100.0 99.9 99.8 99.6 99.3 92.3 
526 10-16-67 Gravel and Red Silt 100.0 100.0 100.0 100.0 76.8 57.9 32.1 26.3 16.8 
527 9-26-67 Red Clayey Sand 100.0 100.0 100.0 100.0 99.7 99.5 99.0 98.8 61.4 
528 10-13-67 Gravel with Fine Sand 100.0 100.0 100.0 100.0 82.9 66.3 41.7 29.3 14.5 
529 10-13-67 Fine Sand 100.0 100.0 100.0 100.0 94.1 88.3 77.6 72.6 28.7 
530 10-17-67 Gravel with Fine Sand 100.0 100.0 100.0 100.0 74.5 58.7 33.9 20.8 12.3 
531 9-19-67 Black Clay with 100.0 100.0 100.0 100.0 89.1 73.7 49.2 43.7 34.4 Gravel 
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Summary of Data 

Soil 
Air Dried Preparation Mechanical Analysis Sa:nple Date Visual <fa Passing 1o Passing Number Tested Description 2 1-1/2 l 3/4 3/8 No.4 No.10 No.40 No.200 

532 10-17-67 Fine Sand 100.0 100.0 100.0 100.0 77.0 60.1 42.5 29.2 9.1 
533 9-27-67 Fine Sand 100.0 100.0 100.0 100.0 97.3 93.4 90.5 86.2 14.5 
534 10-16-67 Fine Red Sand 100.0 100.0 100.0 100.0 82.6 69.0 ·52.2 39.9 16.4 
5'35 10-3-67 Clayey Sand 100.0 100.0 100.0 100.0 100.0 100.0 · 99.9 98.9 15.9 
536 10-11-67 Sand 100.0 100.0 100.0 68.7 31.3 20.3 12.9 9.5 4.3 
537 10-3-67 Silty Sand 100.0 100.0 100.0 100.0 100.0 100.0 99.6 99.5 18.1 
538 9-25-67 Tan Clay with 100.0 100.0 100.0 100.0 100.0 100.0 99.0 98.5 43.9 Gravel 

539 10-23-67 Gravel with Silty 100.0 100.0 100.0 100.0 68.8 49.9 36.3 25.8 8.1 Sand 

540 9-10-67 Yellow Silt 100.0 100.0 100.0 100.0 94.2 84.o 68.6 62.0 39.4 
541 10-10-67 Sand 100.0 100.0 100.0 100.0 82.4 63.8 41.4 24.7 7.2 
542 10-19-67 Crushed Limestone 100.0 100.0 100.0 100.0 67.6 45.9 24.6 13.6 6.6 
543 10-3-67 Gravel and Sand 100.0 100.0 100.0 100.0 77.1 59.5 41.4 25.5 5.6 
544 10-3-67 Fine Sand 100.0 100.0 100.0 100.0 92.6 86.7 78.2 69.7 ll.7 
545 9-27-67 Yellow Silt 100.0 100.0 100.0 100.0 98.7 96.8 90.4 88.4 59.2 
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Summary of Data 

Soil 
Air Dried Preparation Mechanical Analysis Sa.op le Date Visual '/o Passing cfo Passing Num.ber Tested Description 2 1-1/2 1 3/4 3/8 No.4 No.10 No.40 No.200 

546 10-13-67 Fine Sand 100.0 100.0 100.0 100.0 66.o 52.2 27.3 22.0 10.2 
547 9-10-67 Brown Silt 100.0 100.0 100.0 100.0 97.4 91.7 81.9 79.3 73.3 548 10-18-67 Gravel and Sand 100.0 100.0 100.0 100.0 69.1 49.7 29.5 18.6 6.5 
549 9-27-67 Brown Silt 100.0 100.0 100.0 100.0 99.6 98.9 98.7 97.1 92.4 
550 10-23-67 Gravel and Fine Sand 100.0 100.0 100.0 100.0 81.8 61.9 46.7 32.6 20.8 
551 10-3-67 Sandy Clay 100.0 100.0 100.0 100.0 99.8 99.5 99.1 98.9 65.7 
552 10-18-67 Gravel and Fine Sand 100.0 100.0 100.0 100.0 72.5 54.2 36.9 29.6 17.1 
553 9-26-67 Gray Silt 100.0 100.0 100.0 100.0 100.0 100.0 99.3 98.9 82.8 
554 10-23-67 Gravel and Fine Sand 100.0 100.0 100.0 100.0 94.o 55.6 34.9 27.9 12.0 
555 10-3-67 Gray Silt 100.0 100.0 100.0 100.0 99.9 99.6 99.0 98.6 71.2 
556 10-3-67 Silty Sand 100.0 100.0 100.0 100.0 66.3 60.6 34.7 25.3 12.3 
557 10-11-67 Gravel and Sand 100.0 100.0 100.0 100.0 76.2 60.6 43.8 23.7 10.6 
558 10-9-67 Clayey Silt 100.0 100.0 100.0 100.0 99.6 98.7 97.0 80.8 27.6 
559 9-27-67 Clayey Sand 100.0 100.0 100~0 100.0 100.0 100.0 98.6 96.9 66.3 
560 10-13-67 Silty Sand with 100.0 100.0 ]00.0 100.0 77.1 58.9 38.9 30.3 13.8 Gravel 
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Soil 
Sanple Date Visual 
Number Tested Description 2 

561 9-26-67 Yellow Silt 100.0 

562 10-13-67 Silty Sand with 100.0 
Gravel 

563 10-2-67 Clayey Sand 100.0 

564 10-12-67 Fine Sand · 100.0 

565 10-10-67 Gravel and Sand 100.0 

566 9-25-67 Black Clay 100.0 

567 10-23-67 Gravel and Sand 100.0 

568 10-3-67 Black Clay 100.0 

569 10-17-67 Sand 100.0 

570 10-11-67 Sand 100.0 

571 9-25-67 Silty Sand 100.0 

Summary of Data 

Air Dried Preparation 

1-1/2 
% Passing 

1 3/4 3/8 

100.0 100.0 100.0 98.1 

100.0 100.0 100.0 55.6 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 66.8 

100.0 100.0 100.0 78.2 

100.0 100.0 100.0 99.9 

100.0 100.0 100.0 79.9 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 62.8 

100~0 100.0 100.0 85.6 

100.0 100.0 100.0 99.7 

No.4 

96.4 

47.8 

100.0 

46.6 

62.0 

99.4 

60.5 

100.0 

46.l 

70.4 

99.4 

Mechanical Analysis 
i Passing 

No.10 No.40 No.200 

92.7 91.1 82.1 

32.9 29.9 14.2 

99.8 99.8 24.9 

23.9 19.2 12.6 

39.7 26.7 10.6 

98.5 96.6 93. 4 

37.9 23.1 7.9 

99.3 95.5 90.3 

24.9 13.8 9.1 

45.2 38.8 13.3 

99.1 98.0 45.4 
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