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INTRODUCTION

There Nas been wifesnresd interest in the senecilgalizcd
uses of grasses, of varylnyg characteristics, for thie con-
structlion and mailntenance of highway choulders and berinis and
also for tne construction cf landing strive, on alirfields and
small alr parks., The value of turf for highway shoulders has
been recognized for nany years, dbut varylng results have lead
to dlseatisfaction on nerformance and naintenance, Durin,
the Worlc Viar II er.orgency, Tthe value of turr landing strins
was recognlzed and practiced froi: necesslty wandéd 1te succesg
willl undcoabtedly lead to wilder civillian use of turif for lanc-
iny strips anda small alr parks,

Wwitn the wlde variatlion of cllraatic counditvions and soil
types encountered thirougiiouat tnie country 1t is ohviocous that
very close attention n=ed ™e glven to tne selectlon ¢f the
specles of prasses or legumes best sulted for revemetatling
highway shoulders and berus as well s alrflield sites, The
wldegpread 1nterest in the use oI isrageses as valuable coun-
struction naterlals 1s evidenc=ed Dy tnelr uce in experiliental
aeg well as functional »nrojects by the Burwead of Public Roals
ant varlcus State Highway organizations.

Wlth these factors in mind a studty wus 1nltianted in 1944

for the study of the Zrowth of pjrasses on various soll mix-
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tures avallable for constructlon of hilgiiway shoalders and co

sequently alrstrinsg and alr narks, in .ichi:an. This was a



cooperative nrolect between the Soll Science Department of
Liichigan State College and the lilchligan S+ate Hijthway Devart-
ment, Hesearcia Laboratory. This thesies ilncludes data from a
previous progress revnort on "The Study of Turf Growth ot Scll
Mixtures Avallable for Highway Shoulder Construction in
Michigan" prepared by Professor J. Tyscn, Soll Science Devart-
ment, llchlian State College and iir. k. A. Flnney, lilchlgan
State hlghway Department. Thls progresc report was rpubllshed
by tie lllgnway Researci: Bourd, heport of Ccumlttes on Road-
slde Development, 27t Annual meetin;;, September 1ltx88, The
data, praplis and sumiiaries of Thae «wbove nentlilone. renport ave
bean 1ncluded in tuls .Oork as vacigrounc materiwl and wiere
apnlicable nzve been hrousht up to date. All work subsequent
to lg+7 was under th » autiiors direction and supervieslon,

The muin object oF the study wae 12 da2termnine the effecte
of mixing the vartioues ancunts and kinds of =«0oills into the top
glx lnciies of thie coumonly emnloyed sand and ravel subhases, C
basgse courses or shoulder materlals, on growth of various grasse
and also uwon wne stabllity of the shioualders procduced witi the
varying solls and grasses,

The report lncludes & descrivticn oLf the test area, and
discussion of the turf develcepment on various «0ill mixtures,

In addition, methods ¢f conducting stahlllity teets, peneliro-
neter veets, denslty tegts and correlstlve studies on the 1n-
clvidual praess plots are dlacussed toseti,er Wit tne teet

results.
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The solls selected for the mixing with the sand and
gravel subbases or shoulder materials were thcse commonly
avgllable for thls purpose in southern liichlgan areas. The
grasses selected were representative of commonly used var-
leties and which were belleved to conform to the following
characteristics:

1. Adavted to loersl soill z2nd climatic conditions.
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. HReslstance to wear and ruetstin:.

d. Repid recovery following abuse,

4, Drought reslastant.

5. Low malntenance coste,

It 1s evident from the requlirementc tliat very few if
eny, avalla®le commercial graesses meet all cf the gbove re-
quirements. Very limited date waeg avallable on wegr teegts
or loading tests on grass sods or turfs.,

The results of the test sections indicated that Chewing
fescue was an excellent grars to plant on shodder and runwey
surfaces stebilized with sandy or gravelly nmaterial. Tr.e
later tegts cho ed very gcod resulte of carryving capaclty on
sectlons 1n which quack gress crowded out the original grasees.
Thise can be attrbhuted malnly tc Ites wideaenread rot-hisgiket
and heavy top growth whicn flourished on &ll soll tyvpes and
climetic factore involved 1n tihne teet, Topsolle conslesting
ot jiiarl loam, Brookston loam and Bellefontalne sandy loam
can be satisfactorily mlxed vwvith sanas and sresv-ls tc »roduce

a turf, wnlle claey and neat had varying results. Chewlng



fescue wae best sulted when nlanted with smiall anounts of
nurse-grass to alda in starting and protecting the slower
growlng fescue., An excess of the sc-called nurase-grass was
detrimental to the establisimient of a cover of Chewing fescue
slnce the nurse-gruss flourlsied the first year following
quick germination and dled out leaving a srarse cover of fescue
the seccnd anG subsequent years. Fertillzing and reseeding
were requlred to maintaln 2 good stand. The results hereln
are not bhased on eny reseedings or sddltional fertllization
since gttempts were mnade to minimize any and sll varlables

to cbtain analyzable data.,

The rutting tests i1ndicated that none of the soll mix-
tures under study do possess satlsfactory stabllity character-
lstlcs when wet, When all factcrs are ccnsildered the data
would 1ndicate tiiat the processed grevel, 22-A, 1s the bect
of all the soll mixtures in relaticn to stobility and turf
growth,

The study of the‘load bearin-, tests and penetrometer
studles 1ndicated a definite relation whereby dependable data
can be obtalned wilth special penetrometer to vredict load
bearing values ot greater nagnitude. TWc correlatlve studles
are includeda vwhich are cifferent in nature and oth prove
valuable and dependable in predictions. In eacin case of the
test serles both penetrometer and losd bearing tests were

taken to insure close correletlve gtudies,



REVIEW CF LITERATURE

Observations made on grase »Hlots established at the
Agricultural Research Center, Beltsville, llaryland (1) in-
dicated taat creering red feecue, chewilng's feegcue gnd
Xentucky blue grass were most Cesgirgble fromn the standpoint
of both wear resistance ander whueeled traffic and the’r
ablllty to recover raridly following abusive ure,

Resulte ¢of investisators on physiologlicel effects of
differentligl cuttinge ~nd fertilisstion agree verv closely.
Investliyatione of feecue, hluegrass, and bentgrass udnder
three cutting heighte were malec hy Harrison (223). These ex-
periments proved the root caracity reduction of low cut
grassees and that aprlicatlions of mminergl fertillizer <dld not
cvercome the effecte of low cutting, Craber (2<«) found bHlue-
gracszs could withestund close cliprzinsg fcr cne cr twc seacons
wlth good reegulte, but declined productlvity reculted. Works
of Kuhn ané Xemn (28) and Lovvorn (£86) proved close clip-
Filng of grassec reduced growth of Tcliape, roots, and rhlzcmec,
The value of cutting data proves important on many grassecs for
shculders and alrstripe rince they are dependent on root
growthh for load carrylng capaclty and rutting rceslilstance,

In studles by licrrish (1) he concluded that the optimum
dotes for seeding gracscesc in thils area were early spring or

lute sunimer wnd ceorly fall, June ceeldinge were infericor and



unsatisfactory., Tegts conducted on the plots of this vork
indicated no varlctions in the vlate benring values of any
conseguence on the various seeding times or rates. Appendix
Table III contulne this data. This study vies mede ouvtailde

the origlinal problem to Lnvestigate bearing values relstive to
geeding times.

Physical analysls of solls by lluirbert and Grau (27) in-
dicate that e0ill mixvtures ccntaining aprroximately seventy per
cent sand are best for the growing of grass With optimunm of
follage -o¢é root production.

Trhe resulte ¢f traffic tests ot LacD1l? Fleld, Florida
(2£) in 1946 on & bermuda grass ehoulder acdjacent to paved run-
way eguarfaces ‘ndicated that deformatlion of the surfgce of the
soll was in direct relsastlon tc the load repetiticns the sur-
face was expored to, Similar results were obtalned in tests
at liavwell Field, Alabama (Z) unier the same condiltions of
loadings,

A serles of load bauring tcsts (4) carrled out on kKentucky
bluegrass scde at four alrfielcs in Chio in 1243 1lndicated *theat
turf provided a very definite advartoge to solls cn loesd curry-
ing capacity under condlitlons of saturased subbhases. The taeets
were carried out on the g0lls when they were at c¢r near thelr
plastic 1linit. The szdvantaxe was attributed to the condition-
ing of the subbhaese »y the sod cover. Some inveastisators have
indicated theat after s certain numher of remetitlions of o glven

lond the soll will tecome perfectly elastic in ltes behevior

m
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(5) (3), however further ilnvestlgations cannot Justify, with-
in linits, these indlcatlons (7).

Yield point and bearing capaclity studles by Housel (8)
indicate that solls or subbases supporting loade based upon
yYield point values will not yleld to further vprogressilve
settlements.

In recent years, load tests to measure bearing capaclty
of soll masses have become of increasing ilmportance in engine-
ering practice and, in spite of a wilde diversity of test pro-
cedures, they strlike the practical mind as a direct and ob-
Jectlive approacn to a major problem for which there has be-n
no generally accepted analysis. The cholce of bearilng area
slze and shape are controversial poilnts. It has been belleved
for many years from the work of early investigators in soil
mechanics, and more recently from investigations of Housel (&),
Hubbard and Field (14), Campen and Smitn (15) (13), Teller and
Sutherland (8), lLiiddlebrooks and Bertram (17) and oth=rs, that
the size of bearing plate materlally influences the magnitude
of the unit load which 1s supported at a given deflectlon.
Recent investigations have shown that the size of the bearing
areg ceases to have an influence on ths magnitude of the unit
load supported at a glven deflection 1f the dlameter is of
relatively large dimension (18).

Work done by Goldbeck and Bussard (12) established that

when a given unlt of load 1is applled to a soll over varlous



areas, the depnth of penetration 1s directly proportionsgl to
the sgquare root of the ares over which the load 1s gpplled,

Undoubtedly the majJor problem with the most uncertalnty
of load testing 1e the tranclgtion of test data into working
desizgn data. Burmister (20) mailntains that the methods used
to interpret and apwly the results fzll into two gZenernl
classes, 1) Bousslnesq's (21) theory of elasticity and 2)
Housel!' s (8) empirical relationships. Boussinesq's theory
applies on scils followin:: the elastic prop=rties cloeely while
Housel' € analysls epplles on many tyvee of solls not following
the clestic properties ond theortes,

From studiees 1t 1eg evident that the “caring capaci*v ie
procortional to the reciprocel of the radius of the bearing
area and directly pronortional to two soll constsants, the
valuee v whiclhi are Jetermlined by making losd tests on two
different eslges of bearing areas (20). The most important
fact to be noted 1s thet bearing cap-ocity 1s not a simple in-
herent property o2f soll but must always be defined in terms
of some allowable settlement consldered %to be sutiefactory for
a glven set of conditions,

The American Soclety of Civil ltri'ineers corualttee con
Samrling and Teasting have hased a stucdy on go0ill bearing values
on the assumptions that the loaded n.aterial 1s clastic, homo-
geneous, 1sotronic and cf infinlte depth. MNone o9f thesgec ae-

sumptions are ~xactly true for o "'ngle gpolication of load



however, Yrom thesge relationehips and from equatisnae of the

Theory of Elasticlity, 1f the nlate bearing tests agree wish
the clastlc equution, the unit load P/A rlotted agalnst the
ratlo of scttlement 4. diameter should reenlt in a strectTht

line and be independent of the size of the flate (22)

Lol e



TEST PLOT EXPERILENTS

EXPERIMENTAL TrST PLOTS

The surface 301l was removed from the test areaz, which
meagesured forty feet wide and ninety-six feet long, containing
forty-eight plots of equal silze. Thie was ccceonplighed with
a hulldozer scalring off apnreo:imately one foot of =so0ill to
insure remcval of gl3 ronte gnd top soil, Gruanulgr materlals
coneleting of; 1) incoherent gand, 2) graded cand, I) pit-run
gravel, gnd %) prcceasced gravel - Z2-A lilchigan State Highway
specifications (11) was placed in parallel strips eighteen
laches deer and ten feet Wide in ninetv_gsilxy foot long sections,

The zddltive rf0ll materligle were snregd in bands elgght
feet wide transversely over the four strins cof ¢rsnular
meteriels. The additive sgoll materials conslieted of Lilzomd
loazm top soll, Bronkston loam ton goil, =subsgoll clay and peat
cixture and Bellefontaline stripving from a grevel depoeit in-
cluding ton sol1ll and the heavier B horizon. The layvout of
the test nre= ahowing the location cof the Zranular bose mater-
121ls and the various kinds and percentages of the goll ad-
dltives can be nnted *n Fizure 1. A general view of the test
areg during the consstructional nhase 1s snown in Floure 2. It
can e noted that th= stripned torecil from the arec 1s de-
posited adlacent ton the test sectilons anrnd it was later slcped

off from the test sections which were sllightly elevated over
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the >riginel ground contour Lo provide adequate dralnage as
well as simulate shoulder condltions in She Fleld, It can
also e noted in Flgure 2 tha® portlons of the test sectleons
were to be shadeld pertinlly and tnls wonld slso simolate *ield
condltlonse. There was no evidence of effects of shadini noted
1n the studies 1in elther turf growth nor on sheltering effects
on molsture nercents.res,

Tne 801l additive materials were incorporated into the
top six inches ¢f the granul:» hase natorisls by hanc misxing
with enovels to insure complete blenfing of &1 wmateorlals down
Lo a 81x 1inch Septh. The matericl e vere then commacted hy re.
nented passes wltlhi o cultinacker, nulled by « Tour wheeled
tractor, until nc furtiher consolidatlon wos evidenced, Thils
method o7 compacting was emploved to follow o~ closely as
possible current fleld practices ¢f shcoculfer conetructinn in
nighway nracticee. Further tesgting on new sections would ad-
here to current compeactlon and mixing practices which night
vary elizshtly wlith locatlon and period.

Followlng the mixling and comnacting proceceses, fertilizer
of & 1l0-6-4 ratio was broadcast over the teast areca ot the rate
of five hundred pounds per acre, A :rnss seed mlixture comwncsaed
of equal varts of Kentucky Pluegrass, Chevilng feecuoe, ond
domestic ryegrass was sown at the rate of *orty oounds per coere,
The fertilizer opolicatlon was repeated about Aprll first of

each year, for tiie next three years at the same rate. The
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grassges were allowed to xrow without mowing throurh the first
fall, 1944, and since that tire have be>n riowed four %o gix
timee each season to simulate mowing operatione on highwgy
ghoulders 1n the fleld or on ~iretrivs or =ir varks. The mow-
ing wae accompliehed with a sickle-bar mo . er and no cuttines
were removed b roking., The orlginal test sectlion fertillizing

and plrntings were accomulishec in August 1244,

DESCRIPTICOW OF SOIL LATIIRIALS
The 801l materisls employed in this study were obtained
locally and are desgcrimed asc= follows: (9)

Lileml series: [llemil 1le a w-ll-drained clay =oll ranging

in texture from & loam to n ellt loem occurring in in-
dulating to rolling moraines and on tl1l1 ~lalne., The
801l is rlightly ;lastic and easlly comnacted when molet,
hard snd fnsty when éry, and scft and <slick when wet,

The soll f.l1ls “n tne A=3 prouap of tihie Publlce Fozde
Adhinistracion So1l Claecifiction and in the L-8 rosm
under the Civil Aeronautics Admintietration ¢clasgifi-
cation, (10)

Brookston series: Bro keton s2ils are characterized -aq

»oorly drzained cleys and rangse In tevture frou Loam to
clay lomn. T~y ore found on till plaine and hesln arers,
801l nmay be stony 2nd cloddy. Under nornzl conditlons,
the 01l 1a soft to rlgetlc but will »ecuome tou:n and

he~1 when gllowed t2 Arv out, "ie ¢0il fells in the



A-6 group of the Public Roads Adminlistration soil claes—
1fication and in group E-7 of the Cilvil Aeronautice

cl=msification system,

Bellefontaine gerlies: The surface of Bellefantalne ranges

in texture from candy loam to lnam, The "B" horizon is
characterized by 1ita reddish brown color and conslists of
a mixture of grnd, &ravel and clay. The quantity of clay
18 amvle to render the mars gticky when molet; and moder—
ately cemented or hard when dry. The =surface rellef
varies from undulatling to emancthly rolling and hilly.
This soil 1is normelly found 1n eskeres ond moralnes and
grevel deposlits are comrion. The soil falls in the A-1
gEroup of the Pyblic Road e Adminiatration soll claaesifi-
cation and in +%the E~8 2roun of the Clvil Aeronautics
Afminletraticn classification syvateom,

Fox seriea: Tlie gurfaoce s0ll of Fox ranges from sandy

loam to loam in texture. Tha fox s0ll 1s similar <c
BRellefcocntalne but may be distingulshed from it by its
occurrence 21 mnre Neaporly level terirgln, hy & greater
unlformity of the "B" horizon, and a uniform sub-

gstratum of stratifled gray cond ond grevel contailning

& high percentaye 0of calcarecus materizt, The so*'l

falls in the A-3 grcu» of tihe Public Roads Adnminlestration
801l clagsificuetion and 1n groun =2 of the Cilvil Aero-

nautics Administretlion clagsification syeten,



have

Incoherent sanA: This materigl was obtalned from the

Coloma 801l serie~ which ranses in texture from a cend
tc a loamy cand. The material 1s looese, relativelw l.w
In water holding canaclty cnd is highly <sablect to blow-
outes end wind erosicn. It 1s norimally fcuan” on undulat-
ing to rolling terrsin assoclated clceely with morainic
Tformatione, This series falle in group A—-3 of the Public
Roads Admlnistration soill clageesiflication and in group
E—2 of the Civil Aeronautics Afministrationr classificatic
syetem.

Greced Sand: reched aend from lcco) source, which grade

&
from coarce tc very filne unatericl.

Pit-run gravel: This material conslisted of the "CY" hori-

zon Of the Rellefontalne cerles obtained locally.

Processed 72 — A Crgvel: Hoal surfaclng aggresates lack-

ing clav binder material. The material contelne crushed
gravel, and rcunded aggregate conforming to srading anc
rhysical requlremente of the lichigsn State Highway
Department standards (11).

Clay: This mnterial was subsoil clay frciz the "C" Lorlzor
of the lii~ml series,

Peat: Woody pcut from a local deposic.

The physical characteriastics of the varlou<c =soll nateria.

besn summarized in Teoble I. Tvnical proflles from the

801l series emloyed in the test are shown in Table IT.

(8)]
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TABLE
STAIARY OF SOIL MATERIAL ANALYSIS

TYelleTorkalne Urave] Mt R Urev

Surfase Boil Clay Manmi Surface Seil DBreekstes Surface Seil 22-4 Fex~Bellef

Inecherent Dume Sand Graded Sand AB Borison Niami - C Herizen A} Rerisem =D Horiszen M.8,8.D. C Herisem
Spee.

Cumulative Retaimed Cwmlative Retaimed Cwmlative Retained Cumulative Retained Cumulative Retained Cumulative Retained Retained Reteined

SIEVE AJALYSIS, PER CRNT

U.8, Bureau of Boils 2 imsh . 100
Classifieation  1-1/2 ineh 9%
1 ineh 100 8
Oravel  3/4 ineh 9 82
3/8 tneh 84 74
¥o. 4 70 &8
¥o. 10 100 100 100 100 100 S4 60
Pine Gravel  Bo. 18 » 1 N 9 98 2 100 98 ) 91 3
¥o. 20 98 8 n » n 9%
Coarse fand g, x % 1 6 25 94 . % 1 %0 8 94 3
Jo. 40 90 60 93 9 90 9 26 25
; Nodium band 6o 5 37 2 3 8 9 98 1 75 15 8% 8
Mine Sand  No. 140 7 L 8 20 62 23 9% 3 51 2 72 14
¥o. 200 4 L1 ss %4 46 67 65 2.2
Vory Fime Sand " 500 1 6 4 4 ® 13 89 6 40 11 61 11
Bt 1 4 14 3% 38 51 10 30 21 40
Clay 7] » 10 n
Colloids
Crushed Msterials 29.2 0.0
SOIL CONSTANTS
Liquid Limit 18 18 24 34 24 0
Plastio Index Bon-Plastio Noo-Plastie 7 13 4 10
.”.1“0 Gl"‘" 206‘ ’063 2057 20& 209 2.4}
Loss on Ignitics, per eemt 4,60 S92 4.85 18,52 4,50 11.16
Organio Comtemt, per eemt 0.76 1,54 4.23 6426 30 9.18
Pield Moisture Bquivelent, per eemt 18 18 21 28 22 ”
Shrinkage Limit, per eent 15.7 9.1 15.6 22.8

Surinkage Ratio .79 1.86 1.65 1.47
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MIAMI BROOKSTON BELLEFONTAINE

Litter, ieaf mold

1 Litter, leaft mold : Litter, leaf mold and humux and humus <ot
o] and humus noil. Sk : soil.
‘]’ s 1
Nty :: o E D;ll-k , brownish gray rather Cellowian 1
. ol friable loam. ollowish  brown
':, Hj 10:,‘1‘:.‘,:"”“ yel i ::‘hh‘h: friable sandy loam
‘l» “: -;
[} [ M
o s L. Dull gray compact sandy clay.
1 1 2 mottled with yellow and brown.
wH L Yellowish brown L [
1s clay or sandy stony ey I
e L clay, relatively im- Ty H\ :
e pervious. SN
” wi{l P f‘ Keddish brown
" = N " xlightly compact
1Y) q EYY - Y sandyv  loam, made
% KT ; H voherent by a small
ye T e . - amount  of  sticky
- o : “lay.
::’ .: el o
e “1A711]: mBlulsh gray marsive clay to
.- e 'Y sandy clay. mottled with yellow
‘e o L[> and brown. May contain scat-
so b Sandy or stony 3 I tered boulders. _
e caicareous yellowish Y J 3 d.'\u ‘-""fm-lml'mi
3o gray clay, usually S B ed mass of <and an
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TURF GROWTIH.

Adequate standard methods have not been established for
measuring the quality of turfs for highway shoulders or air-
ports, but an attempt has been made during the perliod of the
test to estimate the percentages of grass coverage, type of
grass ccocverage and 1ln general the density cf the turf., Attentlo:
1s agaln called to the fact that no addltlional seeding has been
apprlied since the start of the test and fertillzer was applied
only three times following the initial application. Under
present accepted standards, from studles of the Highway Research
Board Committee on Roadsidée Develovment (12), a turf for high-
way shoulders i1s considered to be satisfactecry 1if 1t is dis-
tributed falrly evanly over the ground or shoulder surface
equlvalent to a sixty-five %tc seventy per cent coverage. A
more dense turf covering would present a more pleasing appear-
ance, but nas not necessarily proven better for shoulders or
more sultable for traffic duration tests as brought out in
previous literature (1) and in this study. The effects of
the various soill mixtures on the growth of the grasses are
shown 1in Table III.

It will be noted from a study of Table III that the
Kentucky bluegrass dld not survive int> the second year, in
competition with the better adapted chewlng fescue and

domestic ryegrass, on any of the teet plots.
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TABLE I1I

1IN TURP POR 19%5 TO 1951

PIRCEKRTAOR OF DIFPXRE'T GRASSES

INCOHERENT SAND

GRADED SAND

PIT RUN GRAVEL

22-A PROCESSED GRAVEL
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The domestic ryegrasc germinated very quickly in the
fall of 1944 and the early part of 1945. The growth of the
donestlc ryegrase seemed to correlate very cloeely with the
proportlon of fine materials in the mixtures, and an excel-
lent cover woe obgerved on the plots contalning the greater
relative amount of fines. Thls was observed on the plots
ccntaining Brooketon loam material in combination with the
22-A graded grevel material and aleo on Bellefontaine smandy
loam material over 1lncoherent sand, plt-run gravel, or 22-p
graded gravel, In each case the percentage cf finen, material
paseing a 200 mesh sileve, was large in prorortion to the other
plote in the teet section.

On plots containing Brookston loam and mixtures of claoy
and neat added to a graded sani base material uand Chewing
fescue wae the only grass to survive into the 1845 growing
season. It was also found to be the dAominant grass on all
plots over inconerent sand, nit-rmn gravel agnd Z2-4 owadac
“ravel subhbase materlials in the 1945 test Gata. The follow-
ini excentions to the ghove were noted: 1) Domestic ryegrass
predcminated on all plots in which Bellefontalne sandy loam
wes incorporated 1nto the top elx inchers of the subbase nmater-
1al; and 2) on the 22-A grndedl gravel subhage material into
which twenty and thirty per cent Brookston loam surface soil
was Incornorated and also on *“he pilt-run gravel material to
which thirty per c=nt of the Rrockston loamn surface snil was

added. Thie conld@ tre cxrlalned by the fines 1n the Z22-A
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graded graovel and the zit-run grav=l in combin-tinn with
the clay frem the Brooketon loam scill providing Jood water
holiing 2nd surzplying properties,

On the rlots in which seventy-five tc cne hundred per
cent Bellefontaine gand7 losem were inccrrorated the turf con-
tailned Trom ten to fifty fer cent quackgrass, and thie can
crly e exglained in the fact that the tcpsoll of this series
contalned the quackgrass seed and rhizomes when it was used
as an aciitive, This egme observatlion was made con the »nlots
contalinins large proportions of iL'lgnal toreoll ond the agme
conclusions arrived at. For +the sbove reasone sone wWeed,
~lantain, sorrel, dock, dandelion and thistle seeds were wls€o
transplented with resualtin:g occurrence on the plotae, There
weeds flourisned end smread to other turf pglots, especlelly
or plcte in which Bellefontuine sandy losm wes incorporated
ac an additive meterlial, As mentioned before, Juackgraae
rroved to bhe & very good turf for stability and durehility,
but being claseed as a noxious weed i1te use for shoulder work
or airvort turf 1s oproalhlted.

Duaring the 1245 srowlng season and subsecuent winter all
of the domestic rvegrase élsappeared fromn tiie zurf aiter
flouriening sc rank in the fall of 1z4: and srring of 1345,
The resulting turf cover on these plcts was ver; low in 1945
since the chewlng fescue had been crowded by the rark growith
of th- domeestic ryegrass., Th's obeervation wae ncted espec—

1ally on plots wit: 22-A sraied gravel, pil-run ravel, anZ

1
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graded sand materiels contalning twenty to thirty per cent
Brookston loam surface soll as an additive materiagl.

The turf on all plots except those of incoherent sand
cdeteriorated during the 1345 growing sesason, since there was
extremely light reinfall during *the period, The total rain-
fall from June 20, 1346 to August 1, 1248 was approxinately
.05 incheg, and only .78 incheas for the nonth of August,

Table IV. Chzwlng fescue and quackgrase arc drouaght resistant
becomlrn; dormant during drcusxht pericle and recovering quickly
when molsture is again avallable. They recovered very well
during the fall monthe of 124€ vwhaon the rainfel) wae nearer
ncrial for this area, and aleo durlni« the growlng season of
1547. Durling the 1947 growing season the moisture ccndltions
were near ldegl for the i;rowlr; of wrasses,

During the 1947 growing asegson, and especinlly Juring the
spring months, the quackgrass flcurished with the hligh per-
cipltation rates and good ZIrowing wegther., During thils perlod
on the plots contalning alditives of lilaml socll, the gquaci-
olas88 malde up as auch uas £1fty per cent of thic entire turf
cover with only one exceptlion, and that was on the plot con-
slsting of a very low amount, ten per cent, of l:laml soll ad-
ditive to a 22-A graded gravel subbase, On the plots contaln-
ing Bellefontalne additive materlials the per cent of quacik-
grass turf was 1lnfluenced by the soll mixtures, the greater

the zmount of additlve meserlal the more quackgrass turf. On
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the plots with only fifty per cent additive material no quack-
grass was evlidenced on three plots and only ten per cent on
the fourth plot. On these plots Chewing fescue was able to
overcome the quackgrass which had a more scattered seeding and
the fescue afforded a turf coverage of from eilghty-five to
ninety-five per cent in all cases.

The results of this study tend to indicate a desirable
source of the additive materials and the amounts of them to be

used as addltives to reduce the possibllity of quackgrass run-

ning out the sown grass specles,

TUREF COVERAGE

To evaluate a glven highway shoulder or elrstrip, the
denslty of turf coverage 1s the critical point in question
and not the amount or rankness of the turf growth, The densi-
ties of the turf coverage from 1945 through 1951 on the plots
are shown in Table V. From these data the effects can be ob-
served of varylng solls, of seasonal and climate varlatlions,
and of the grass varletlies for those planted and those occur-
ring in the mixtures as vegetative additives with the surface
solls on the turf.

On the basls of the standsrd seventy per cent cover of
turf stated previously (1%2) for ehoulder turf coverage on
highwaye, 1t will be noted from Table V that all plots con-
taining 22-A graded gravel subbase materials, incorporating

all sdditives and on all plots, in which thirty per cent




TABLE V
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Mlaml loam, thirty per cent Brookston loam, or seventy-five
to one hundred per cent Bellefontailne sandy loam were incor-
porated as additives, proved to produce satlsfactory shoulders
in 1945, less than one year following construction and plant-
ing of the plots. This standard 1s only on coverage of turf
density and i1is not takling into account load bearing which
willl be covered later in this report.

During the 1946 season the turf on the 22-A gravel base
materlal was satlsfactory for highway shoulder purposes, with
&rass coverages ranging from sixty to ninety per cent of the
plot surfaces. The same was found to be true on plots having
twenty or thirty pner cent lilami loam surface soll as an ad-
dlitive to the subbase material, those having from sixty to
ninety per cent coverage. The plots having Bellefontalne
sandy loam admixtures also resultea in satisfactory turf
densltles for shoulder purposecs.

The turf on the plots of graded gravel, sand or pit-run
gravel was found to be inferlor to standards, or in general
not as satisfactory as that produced on the 22-A graded gravel
subbases or on the incoherent sand based plots. The turf
densgities on the nlots having clay and peat addltives was
found to be not as satisfactory as that on plots having loam
mixture added to the subbases. As prevliously noted the plots
having a rank growth of domestlc ryegrass were found to be

below the standards durlng the 1946 season slince the ryegrass
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dled out leaving Chewing fescue as the only cover. This con-
dition prevalled on plots wlith subbases of plt-run gravel and
graded sand with Brookston loam as the gddlitive material.

The growth of the grasses were generally improved in
1947 on all plots with the relatively high precipltation dur-
ing the spring and early summer montns. Table IV, The turf
wags found to be unsatlisfactory on only six plots as noted in
Table V. It was noted howaver that in all cases the turf
densliy was greater than for the same perlod in 1946, The
Plots affected by the dyilng out of the ryegrass had regalined
denslty over the 1946 growing season untll all plots were
only slightly below the accepted standards of coverage. It
wlll be noted from the data that all plots are approaching a
maximum denelty in 1947 where no unforeseen events, such as
dying out, have impeded the progress. By referring to Table
ITII, page 20, it will glso »e noted that on the lilaml soil
additives quackgrass became the dominant grass over the
Chewling fescue. It can be observed quackgrass was not 1in-
creasing over the 1946 levels in any other plots regardless
of subbase or additlve umaterlials.

After the 1947 growing season the plots were malntalned
in the same manner as in previous years out no further ferti-
lizer applications were made in April as before. It willl be
noted that the coverage and turf cdenslty data 1n Table V
bear this out and 1t 1le clearly reflected on all plots with

the exceptlon of the [ilami and Bellefontalne additive plots
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where the turf denslty was not too much affected. The plots
of clay and peat were the oneg that clearly ilndicated the need
of addltlonal or supplemcntal seedings and fertilization cor-
tinuation. The plots on the Brookston soll decreased in turf
densilty but not as radically as the clay and pesat. With in-
creaslng amounts of Brookston soll there was a marked variation
in denslty of turf on both incoherent sand and proceaered 22-A
graded sravel wlth only slight varlations on the graded sand
and plt-run grevel., In general the lncoherent sand and pro-
cessed 22-A graded gravel were better with all additives
through thils portion of the test, and thls was also reflected
in the plate bearling studles.

The per cent of different grasses in the various plots
showed slight varliations during the period from 1948 to 1951.
It will be noted in Table III, page 20, that the per cent of
quackgrass on the iilaml additive plots 1lncreased in all cases,
Tiis can be explalned by the gradual dyin:g out of Chewing
fescue and replacenent with quackgrass.

On the Brookston plots the turf density was falrly con-
stant with very little variation in percentages of varlous
grassees. The quackgrass did not seem to spread too raplidly 1in
these plcte on any of the subbase materials. The same was
true for the clay and peat additive solls on all subbase
materials.

The Bellefontaine plots had very little variation 1in the

percentages of Chewing fescue and quackgrass, but there were
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traces to lncreasing amounts of bluegrass origingting from
surrounding cover on experimental plots in the vicinlty.

In general, a satlsfactory turf coverage to meet current
requlrements for highway shoulders was present throughout the
test period on all plote having Lilaml and Bellefontalne ad-
ditives, on incoherent sand and processed 22-A graded gravel
with Brookston and clay, and peat additive soll materials. The
plots with Brookston and clay and peat additive materlals on
plt-run gravel and graded sand were, in genersl, below the
accepted standards of from sixty-five to seventy per cent
coverage.

Root penetration measurements were made as shown 1n
Flgure 3. It will be observed the root density which was

taken as representative or an average of all plots.

STABILITY OF TURF PLOTS

One year following the construction of the turf plots
and the fall seeding, two types of stablillty testse were con-
ducted on the plots to determine and evaluate thelr ablllity
to support stationary and moving loads under conditions of
saturation as well as when dry. Tuae first of the serles of
tests conslisted of apnlying a static load through a one
hundred square inch bearing plate and measuring the amount of
penetration at various load increments. A round bearing plste

was employed which 1is considered general nractice ().
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The second series of tegts were made to check the re-
eletance of the grass turf to rutting. This was accomnlished
by driving a heavy truck over the plots and measuring the var-
lous depths of resulting ruts caused by the moving wheels, The
wheel loads on the rutting test were single tire tynve. The
plate bearing tests were all conducted on the soil in 1ts nor-
mal environments as to per cent molsture whille the rutting
tests were conducted on saturated nlots to simulate egrly
spring breakup conditions, and other rutting tests were car-
ried out on dry or low moisture contents which woula compare
to summer condltlons,

The serles of rutting tests were carried out only once
durlneg the 1945 season, but the plate bearing studies were
continued during the years 1£47, 1942, 1950 and 19561 at ap-
proximately the same season to obtaln comparable condltlons

on plcts.

PLATE BrARING TESTS

A truck with & groes weilght of approximately twelve
tons was used for running the plate bearing studles. The
truck was carefully backed into position with the rear of
the frame over the selected area to be tested. (flgures 4
and 5). The one hundred square inch plate was placed on
the turf surface and worked down slightly by hand to in-
gure 1t was in a level position. A frame was emnloyecd for

a dial support for measuring the nlate settlements under



load. Thls frome was supported cn the ground o 3istance of
at least four dlameters of the plate away from the loaded
plere and free c¢cf the truck wheels or frame, The frame sun-—
rocrted a one thousands dial with the sgtem resting in the
Ciact center ¢f the bearing plate, The load wasa transaltted
to the plate through & clc+t2d cylinder which wsas nlaced cver
the dlal and adjusted to center on the bearing plat~ sc ile
dial face could be read through the opening provided, Cver
this slotted cylinder a rlate was placed to support the -
draulic Jack. To the hydraulic Jack there was agttached a
calibraced dyramometer ring with thie upper fitting of thls
rirs reegtling agginst crihmhing cn th2 truck frame. With tnale
acsembly, loads up to 7,000 rounds were awplled to the turf
surface of the »Dlots with a resulting nregsure of reventy
pounia v,er gsquare inch maximun on the plots. This load w.s
gsafficlcat to rrciduce the resuliting plate settlexzonte ire-
giaired 1n these studies, Ar over-all view and a generzl view
of tne apparatus csn be seen in Filzgures & and O,

A small zreliminary load was spprlied to seat the p.liate,
aftcr which the plate was lcaded fully. The load was apnlied
in five hundred pound increments in a sequence cetermlined by
the rate of settlement cf the plate and thls of a necesslty
varled the loading period from cne plot to anothier. When tlhe
cettlerncnt dial indica*2d nc further gettlement the next in-
crement of load waes apnlled. These 1ncrements wWere renented
untill the 1imit of the dlal trsvel had been reuched cr o lond

cf 7,200 rounds had been =anpvlied,
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From the bearing plate tests graphs were constructed for
each test to indlcate ratlio of settlement to load. Table I
in thhe Apprendix contalns representative examples of these
graphs showlng curveas fur suvccesslve years tests to 1lllustrate
comparlsons as the turf growth progressed and resulting bear-
ing values increased. For comparative results of the turf
plote there were accclaplished determinations of the subgrade
modulusg "k for g 2500 pound louad and the results are tabu-
lated in Table VI. The molsture ccntents of the respective
plots, and denelty determlnagtlions are included in Table VII.
When the plate bearing tests were carried cut, molsture and
denslty determinations were also taken, The serles of tests
were carried out in 1947, 1948, 1950, and 1951 and the re-
sults and correlatlions for each year are 1lncluded in Table
VI as a comparative table of subgrade values. Figure € 1s
a comparative stability graph for tne plots.

Tests during 1250 and 1851 were correlated tc penetro-
meter studles wilith a resulting study whicn 1s includeda later

in this report as correlations with coumparable results,

RUTTING TESTS

A second series of stablllity tests on tne turf plots
were conducted as rutting tests wltn a loaded truck, two
axles and four wheels, over each plot and noting the depth of

wheel rut.
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TABLE VI

Subgrade Liodulus k" for 2500 Pound Load

lo47 1949 1950 1S O]
Plot Penetra- "k" Penetra- "k" Penetra- "k Pcnetra- k"
No. tlon# tion# tlion% tion#
1 0. 54 46 0.22 110 0.19 139 0.23 109
2 0.49 51 O.22 106 0.17 147 0.20 125
3 0.80 31 0.17 187 0.14 170 O.14 178
4 O.64 39 Q.32 76 .27 91 0. 29 87
5 0.35 75 0.24 108 0.25 101 0.2 107
6 0.43 57 0.33 70 0.25 99 0.28 20
7 0.52 48 0.30 83 0.29 20 Q,27 93
8 0. 44 &7 O.41 63 0.44 60 0.39 oS4
9 0.23 109 0.36 66 0.35 70 0,33 76
10 0. 48 52 0.20 121 0.29 91 0.18 139
11 0.81 41 D.18 133 0,32 79 0.19 131
12 0.920 28 0.13 139 G, 35 77 0.20 125
13 O.24 104 0.21 110 0.29 93 0.18 139
14 O.25 100 0.22 108 0.2& 97 Q.19 131
15 D.24 106 0.21 122 0.25 101 0.1l8 139
15 Q. 44 57 0.22 111 O.20 96 O.2& 115
17 C.33 77 0.31 78 0.35 70 0. 3% 78
18 0.55 71 NDeHD 70 0.35 71 O0.54 74
19 C.38 65 0.34 75 NecH 6e 0.18 132
20 0.57 44 O.21 116 0.33 ard 0.27 93
21 0. 48 52 0.&0 85 0.35 €7 0.18 139
22 0.35 71 0,20 lzs Q.29 91 C.1¢8 13¢

*# Penetration in inches

* %
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1951 Data from Penetroneter curves
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TABLE VI (Cont'd)

1949 1% 50 1951 %%
Plot Penetra- "k" Penetra- "k" Penetrao- "k" Penetra— "xM
No, tion# tlon#* tion#* tion#
23 Qe 43 o8 0.23 1073 D.28 97 0.20 125
24 0.09 265 0.12 201 O. 11 221
25 0.20 125 C.07 367 O.18 151 0.17 149
26 0.15 14 0.18 130 V.15 172 O.15 187
27 0.10 2306 O.14 176 0.1%2 191 0.13 l1o2
28 0.16 188 O0.17 144 .30 83 0.21 119
29 0.19 135 0,23 112 V.25 99 0.14 17¢
30 0.17 150 J.13 171 0.22 107 .12 206
3ol 0.20 122 0.1 235 0.16 147 0.12 2086
32 0.50 50 0. 20 125 0.28 98 0.18 139
33 0. 58 43 0,18 137 0.28 Q7 0.19 131
34 0.568 45 0.09 =56 Q.29 o= 0.153 192
3 0. 39 54 0.13 208 0.2¢ 21 0.15 192
36 0.67 a7 ¢.18 145 0.0 72 0.15 1a7
37 0.09 287 0.09 275 0.0¢g 290 0,09 279
38 0.11 2e7 0.08 224 0.09 282 0.10 250
39 O.14 179 0.09 295 .10 271 0.0¢ 272
30 Q.19 150 0.09 o2h 0.10 27C 0. 10 250
4] 0.16 154 2.086 390 0.0¢ 231 0.09 279
42 0.5 100 0.13 188 C.1l4 175 Q.13 192
43 0.16 156 0.1l <25 0.1%2 194 C.1E& 192
44 Q.59 42 0,06 485 0.11 208 D.11 221
45 0,952 48 0.27 93 0.13 177 0.21 112
46 0.35 62 0.05 510 0.28 95 0.26 96
47 0.22 114 .06 415 0.26 109 0.20 125
48 0. 55 46 0.08 305 C.<8 Qv 0.27 93

—
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The load employed was 10,000 pounds on a rear axle sup-
ported on two 10.00-20 tires with a tire prescure of seventy
pounds per sguare inch, The truck was driven in creeper gear,
to prevent stalling 1in the more unstable sections. Typlical
sectlons with low inherent stability are shown in Figures 7
and 8. Consilderable difficulty was encountered ln rutting
studles and 1t was felt their value did not warrant further
studles 1n successlve years,

The effects of the passgge of the truck was measured by
the employment of proflles <-f thie plote. Prior to the testing,
reference stakes were driven on each slde of the plot at a
position which was well outside the zone of 1influence, Follow-
ing the rutting a strailgnt edge was vliaced across these re-
ference staltes and vertical measurements from the stralght
edge to the turf were made at six inch intervels acrosas the
plots. %ith this procedure proflles in the wet and 4dry state
were made prior to the rutting and immediately following. Tae
data for the rutting tests 1s presented 1ln Table VIII. Figure 9
is a comparative bar graph for the rutting and bearing studles

conducted in the 1947 studies.

PENETROLETER TESTS.

Following three years of stabllity tests the peneilromeser
studles were attempted on the turf plote to show some clcse CcoOr-
relation of sucii studies with previocusly conducted plate vear—

ing tests,
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TABLE VIII
RiLSISTAKCE OF TURN TO RUTTIING

Loed 5,000 1lbs. per wheel (10,000 1lbe. on rear azxle 2 wheels)

Plot Rut Deptl Percent Kut Devth Percent
No. in. (dry) Wi luolsture 1in., (wet) i L.olature
(dry) (wet)
1 3.9 20 1.9 &7 8.7
2 2.6 27 2.8 25
S 1.3 54 3.1 23
4 1.9 37 4,0 17
5 1.4 50 3.2 22
S 1.1 64 3.83 2.2 32 20,8
7 2.4 29 3.3 21
8 2.7 26 S.4 21
9 1.6 44 2.5 23
10 1.6 44 S 2 22
11 0.4 175 2.4 29
1z 0.8 a7 5.0 14 18.1
1z 5.5 15 2.4 29 7.5
14 Se & 21 2.6 25
15 2.0 35 2.7 26
16 Se 4 21 3.6 19+
17 Se9 138 4,2 17
18 2.0 33 5.53 2.8 30 11.1
19 3.0 20 2.9 24
20 2.~ 32 2.9 24
21 1.9 o 2.5 29
22 0.5 140 3.9 21
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TABLE VIII (Cont'd)

Plot Rut Depth Percent Rut Depth Percent

No. in. (4ry) "icn Lolsture 1in. (wet) "l L.olsture
(dry) (wet)

23 0.6 117 1.2 58

24 0.3 233 4,2 17~ 17.7

25 2.6 25 2.8 25 5.8

26 2.0 30 2.9 20

27 l.4 50 2.2 52

28 2.8 30 2.4 =9

29 1.4 50 2.0 35

30 Q.3 2383 2.7 2.0 35 e.1

31 l.% o5& 2.0 39

o2 1.8 39 2.9 24

0o 0.3 25838 3.0 23

o4 0.3 233 Ze 2 32

35 0.4 1795 2.0 3O

36 0.4 175 2.8 26 19.1

S 0.5 140 3.6 194 7e2

a8 O.1 700 3o 4 21—

39 0.0 00 2.8 25

40 1.0 70 2.9 24

41 0.4 175 2.9 24

“42 0.7 100 4,11 3.0 23

4O O.4 175 2.9 24

44 1.1 04 3.2 22

45 0.2 350 2.1 33

45 Q.3 £33 2.0 35

477 0,4 1756 2,2 52

48 Coi 350 5.9 184 17.7
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The penetrometer hags been used for a number of years
more or leegs successfully for field chi=cks of density, stabil-
1ty, and tllth studies in the fleld of agriculture. The mailn
objJectlions to 1ts use were the small bearing area, non-unifcrm
penetratlion rate, the possiblilitles of obtalning erroneous
results caused by striking stones, or the formation of pssudo-
heads on the bearling ares. It 1s not possible to change the
bearing area since only the operators welght 1s employed for
effecting penetration. LElilminating pseudo-heads or tl.e chance
of striking objects 1s also imposslble to correct or elimin-
ate, The uniform penetration problem cen however be gccomplisn-
ed by employment of the "Hanberton" (13) penetrcrnieter. This
instrument shown in Figures 10 and 11 employs a systcm whereby
each penetratlon 1s recorded on a greph as shown 1in Flgure 12.
The graph 1s o trace of the resultant pressure requlred to
force thie probe into the soll, and the depth of penetratlon of
the probe, The abclssa 1s drawn by the pressure of the soll
transmitted to a calibrated coll spring and the ordinate 1s
produced by the differential between the probe head and the
float rod foot which rests on the soll surface. There are
two pulley systems which produce the desired four inch grapil
end which compensate for the compression of the reslstance
spring.

The accomplishment of a load bearing test requlres con-

glderable laborious ~nd tedious ..ork, witn cuwbersome eqgulpment

o









Figure 12z, Empirical gr=vhs irom the Henberton

Penetrometer
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nd conslderable expense. It way be posslble that the use of
he penetrometer can provlide an economlcal, convenient, and
ccurate method of obtaining load bearing data to supplement
ests on constructed structurecs of known soill materlals,

The 8011 penetrometer zs uced in tilth studies had two
ieads, one a tapered poilnt probe and thie other a flat head with
v circular cross secticnal area of 0.15 square lnches., Ad-
l1tlonal heads were adapted to the equipment ln varlous cir-
rular areas up to one square inch.

A locatlon was chosen large enough to accommodate the
searing area and the float rod foot. This area was cleared
>f all loose surface mgterlsl such as stones and leaves 1n
order to provide a firm smooth vplane for malkling the obser-
vation. Speclal care vias taken to not dlsturb the tur?f or
soll, ilanual pressure was aprliec to the penetrometer 1in
such manner to prcduce, within reason and without beneflt of
gauges, a slow, unitformly increusiny pressure anc resulting
penetration., With thls prccaution the possitility of 1lmpact
load was practically eliminated. The trace, resultant cof
this pressure produced in the collspring and the depth of
penetration produced by the differential between thie float
rod foot and the probe head, wWas recorded automatically on
the blank chart for the instrumen<. In taklng the data at-
tempts were made tc obtaln at least tnree curves, from which

composlte data curves vwere produced for each plot.

. - 46 = ' ‘




A prelimlinary investigation was carried out to cdetermine
which load would be best adapted for the speclfilc base nmater-
lals. Theoretically the larger the nead, the closer will be
the trlal curves to one another, and the erratic nature of the
curves wlll be eliminated. The clze of head 1s controlled,
however, by the operators weilght, and that silze which allowed
penetrations of three or four inches. The sizes determined
were employed in the tests and the resulting average data for
each plot, Table I1, Appendix; was complled.

Kolsture content and denslty determlinations were carriec
ocut during the tests and are included in Table VII for cor-
relation to the penetrometer studles,

From the data taken 1t wes found that thie tapered probe
was greatly influenced by locel condltions ancd was, therefore,
not used in these studles. With the smaller 0,15 square 1inch
head the penetrstlion was excesslve and the probe acted similar
to the tapered point and 1t was therefore ilmoosslble to obtaln
comparable results in this work. Other slzes were tried and
resulting experlence and data favored the 0.50 square 1inch
and 0. 75 square inch bearing area. In the flnal studies the
0.75 sguare inch head was eumployed on sand subbase materlials
and a bearing area of 0.50 square inches on gravelly subbase
materlals, The penetrometer method was nov looked upon with
too much favor for use on gravel bass materlals due to the
wide ranges of hetrogenelty encountersd with resulting eccentir-

1citles in curve data. Resulting pseudo-heads of unknown



magnitudc would result from the bearing surface ctriking

stones or cther forelgn material.

The formula for the modulus of subgrade ctiffncss "k",

as employed in the prlate bearing tests, 1is:

P

A; (2)

k

where; k = liocdulus of subxrade stiffness in #/cu. 1in.

1l

Load in pouncs

A

Begring area in square inches

2 = Penetration in incheeg of begring area.

Since the penetrometer 1es being considered a supplement,
rathier than a supplanter of convertional load bearing capeacity
studles, 1t was assumed that only on=s variahle, P, be solved
for and in turn to solve for "k" with that varlisble, usling
the load bearing plate area and some preietermined value of
pcenetration. In thlis way the determined wvalues of "k" would
conform to exlstini bearing pnlate values of WkY, The bearing
plate area was constant at one hundred sgquare 1lnches, and a
value cf nenetration of 0.”20 inchea v rs Cecilded on for *he
plate beoring studles. The only variable "P" could then be
obtained from the penetrometer curves,

The ability of various base materials and acmixsures tc
gapport plant life and the surf naterial denslty in depth are
reflected 1n the Tirst »ncrtion of the penetroueter srarna,

The limite nf the roct zone as the probs penetrates 1t are
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evident 1ln Flgure 11, by the shave of the curve,

It becomes evident then why the observations must be

taken during the same perlods of the year for any correlation,

l.e. when the roots are growing and not in a dormant state,

The following 1s the method of comparison developed for

plate bearing values and the penetrometer studles.,
The equation:

P
Po

H

li

P = Load in pounds frou load begrinyg studles with
a penetration of 0,2C inches,

Po= Load in vnounds from penetrometer stadles for
a penetration of 2,0 inches.

.. = Constant, which when multiolled by P, wlll glve

a comparable load P for the solution of the
subsrade modulus equatlon.

The arithmetic mean was used for the determination from

the composlte data in Table II, Appendlx.

To 1llustrate the method the following example 1ls glven

employlng the data of plot 1.

P = Lcad at 0.20 inches - ¢25) vounds - Load bearing data
Table V, Appendlx.
PD= diean load at 2.9 inches - 131 pounds - Table II
Aprendix
B P - 225\’“ - 1'7. ‘2
P, 131




If this value were now emnloyed on any renetrometer
value at 2.00 inches penetratior for rlot 1, thecretically
we would obtaln a compara®le value for "P!" “Ffram the 1nna? “enar.
ing data. This 18 not however ftruec 3ince we have machine and
egiiprment errors in both plate bearing and penetrcmeter
studles. Wher the values of P, are multipliecd by "M we will
cnly magnify the ~rrors, In the 1llustrated casge a twenty
pound error in penetrometer studles, which could concelvzbly
occur, would result in gpp rocximately a three hundred anc
fifty pound error in load bearing determinations.

A method concelved for reducing the induced error was
that of employlng comnon logaritimic values, In thls way any
small original errors can be practically eliwminated, wnen con-
verted to logarilithmic values,

As before P, 1s computed from the ccmposlite data at 2.0
inches penetration and set up in the logarithmic forn. The
factor "“li" 1s then found and "P" deterulned as follows: Tagta

from Plot ll-two trials.

Py = 157 pounds P, = 146 pounds - a difrerence of
11 1bs.
P = 2700 pounds L. = 17.2
L= P
Py

1st. penetrometer trial.

P = 17.2 (187) = 2700 pcunds

- B0 -




2nd penetrometer trigl.
P = 17.2 (146) = 2520 pounds
It can be geen the eleven vound error was mapnified to
one hundred and elghty pound difference on the ssme plot.

By using common logarithmlic values with the same con-
ditions:

Moo= P = 1230 Error = 11 pounds
Log Pg
Po = 157 pounds
Por = 146 pounds
ILog 157 = 2.195 Log 146 = 2.1€4
= (Log Pg)l P = 1230 (2.1684) = 2670 vounds

= 1230 (2.195) = 2700 pounds

The eleven pound error has tius bYeen malntalned to the
second place tc tiie left of tne declmal and tne final flgures
ere not magnified as before with a resulting difference of
only tluilrty pounds. Tentatlively, a logaritimic system was
employed withh the determined factors of ".." as shown 1in Table
IX. Only plots of sandy subbase materials are included since
those wlth gravelly bases require further investigatlon and

correlation which are covered lgter in the renort.

GRAPHICAILL CORRELATIONS.
Using the same penetrometer data as 1n the previous dis—
cussion, an attemnt was made to correlate the datn 1n graphical

form and thus simplfy the computations for values of "pH on



TABLE IX

Logarlthmlic factors "“.,i" for deternining load "P"

rlot Tenscative Plot Tentative
No. ni Nc. wn
1 1070 13 1070
2 1055 14 1010
3 1500 15 1175
4 760 16 1110
5 1180 17 375
6 079 18 720
7 965 19 ¢ 30
8 670 20 1180
9 630 21 830
10 1145 22 1210
11 1230 23 8065
12 1050 24 2235




load bearing test data which are used ultinmately for deter-
mination of the subyrade modulus "x",

The aata of unit load versus the raticv of settlement to
dieaemeter of clrcular bearling area, plotted on logarithmic
scale, results ln & stralsht line function which 1s independent

of the plate silze (22). In this method of plotting tue data
is generalized and supposedly makes 1t posslible to predict
settlements of any slze area. The curves shown 1in Filgures 13,
14, 15, and 16 indicate typilcal curves for load bearing test
data combined with the penetrometer data. The left portion
of the curve was derived from vlate bearing data end the right
portion from penetromncter data. From thesc curveés 1t 1s pos-
sible to take off values of unit load for various bearing sur-
faces at a lven penetration and thus obtaln a total load
value to determine the subgrade modulus,

The above analysis 1s very simllcar in nature to the pre-
viously presented etudy for the determination of the factcr
"IiM., The product of """ and the logarlitimic value of the
penetrometer load in pounds per square ilnch determines the
value of total load "P", for the Sﬁbgrade modulus detleruln-
atlons.

"he data drawn uson for ihe comparlson covers a Two year
period and would not be all conclusive, but 1t does, however,
prove the possibllities and value for a simwlifled and quick
means of verification or determinaticn of load hearing cdata

wilith a recording tyne penetrcmeter.
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An example taken from the ¢raph for plot 11, Figure 13,
the same plot used for the previcus examples with logarithmic
computations wouls be as follows:

Ratlc of settlement to dlameter cf beariang area for a

plate of one hundred square inch cross section,

Settlement _ .2 - r
diaa. plate 11.28 2.0177

Referring to the graph 0.0177 = 27 pounds per sguare
inch, cr 2700 poundldes for the vearing area used.

P = 2700 pounds.
Ratlc of gettlenent to dlameter c¢cf bhegring area for

enetrometer of 2.75 square incnes,
q

Settlement - —£:0 = 2.05
dlamn. penetrometer 0,977
Referring to the graph £2.05 = 180 pounds per square 1inch

which was the value r=corded in the Cata &s an average

value for »nlot 11 in the test sections.

Thue from tne curve of Known shape and characteristlcs
1t 1s posslble tc take & value of "P" for further modulus
determinaticns. These curves must however, be based on re-

presentative plate bearing data for close ccrrelations.




CONCLUSIONS

The Chewlng fescuc turf which is tolerant to low organilc
matter soll condlitions proved to be zn excellent grass to
plant on sandy and gravelly shoulder materials where and when
sultable stabllizing solils are avallable and added. It dia
not propagate vegetatively too rapldly which 1s brought out

in the turf cover datae, thus not wrcviding increasing cover

yearly. The ¢ e2slred grass should however be planted alone to

eliminate competition frcm nurse-grasses and larger apnli-
cations of fertlllzer made more frequently to make up for the
lack of organlsms and vlant food in the rew subscll materials.

Mlami loam, Brookston loamn, mixtures of clay and peat,
and Bellefontalne sandy loam were all tound to be satlisfactory
as addlitlives wlth sandy or gravelly base materlials for the pro-
duction of turf, The lLitaml loam and Bellefontalne sandy loam
also produced a very dense ana stable turf as a reeseult of the
quaci&grass introduced witin them, The load bearing tests
proved these plots to nave the highest inherent stabllity and
this may be attributed to tne network of roots from the quack-
mrass,

Subsoll clay and peat added to subbase materlals will

furnish the needed binder and organlc matter %to produce a

good turf on all subbase mat=rials except washad sand.
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Brookston loam 801l was found to be satisfactory material
or mlxing with the various granular materials for the growth
£ turf.

The cdomestlc ryegrass produced excellent cover for one or
WO Yyears and then dled out leaving the fescue sparse anéd un-—
vble to provide sufficlent cover. No apparent advantage waa
salned by Including ryegrass in the seeding mixture designed
0 produce g dense sod, The competlitive nature of thls grass
vas such that 1ts presence iln the seed mixture resulted 1in g
punchy type turf of the Chewlny fescue. This would le=ad to
the assumntlon that the entire cover could, and should have
been Chewilng fescue. A solution would be the eliminatlon of
the nurse-grass entirely or provide a supplemental seedling of
the Chewing fescue until the desired turf denslity was attalned.

Where small percentasies of fines were prevalent 1n the
sclls the effect of the nurse-grass dylng out was not as mark-
ed ag in those having a larger percentage of flnes. On the
low percentage plots the ryegrass blended with the Chewlng
fescue to produce a good ccver the first year with no detri-
mental effects the following years as the ryegrass diled out.
The materials on whicn thls was ncted were the 22-A graded
gravel materlials.

Kentucky bluegrass did not survive under the condltions
of tne experiment on any of the turf plots.

Investigations of root penetration depths were fouad to

be about five inches. This would indlcate that on the average
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tne roots were contalned in the zone of thc profile contaln-
ing tne additive s0l1l materizls and not down into the base
course layers,

The 22-A graded gravel material in addition to produc-
ing a satlsfactory turf, was found to exhlbit greater stab-
1lity than the other granular nmaterials.

Bellefontalne sandy loawm, fifty ani seventy per cent
mixtures produced high stability with incoherent sani, graded
sancd, and plit-run gravel, The turf was found to be satls-
factory on all of these plots.

The incoherent sand with twenty and thirty per cent
Brookston locam; the graced sand with twenty and tnirty per
cent iilaml loam; the plt-run gravel witih thirty per cent
Brookston loam and wlth mixtures of twenty-flve per cent
clay and fifteen per cent peat; thie 22-A pradec gravel wlth
fifteen and twenty-five per cent Lilamil loam, flfteen per ceni
Brookston loam, and mixtures of ten per cent clay and flve
per cent peat all produced turf of good stabllity and coverusr.

Denslty studles on the plots indicated no correlatlion of
the turf growth or turf density to soll denslty. Higher load
carrylng capacity would be expected with tiie comblnation of
good turf cover and nigh soll density. A better shoulder con-
dition for reslstance to rutting or deformation under load
would follow. This expected result was borne out 1ln the tests

and resulting data on the plots,
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dolsture relationshipes were fcund tc influence the

inherent stablility as “erconstreted in the rutting studies.

The nlate bearing studles A1d not ohnvw ~ny “Aract correla—

tlon to molsture varigtions on asny soill subbhases or additives.

It 1s evident that with prorer cultural methods, *turf
can be develcrcd on practically any naee cesigned to carry
lcads for highway shouzlders or alrstrine.

The penetrometer stuliee proved that =2 direct cor-
relation could be drawn so that vaelues of load could e de-
rived tc compare to plate bearing studles and thue arrive at
values of subgrade modulus factors "k"., The twc nethcol’s,
lorarithnic computations and logarithmic vlotted curve aata,
shcw very close correlation with the cholce of method, de-
zendent cn amount cf data avallable, The pictted data would
requlire less data with the asefumed and theoriticcl <lope and
shane of the curve,

It was observed that the higrer *tre mcduvlus "kt was fronm
the rlate bearing date the smocther s~ curve and the lower
the slope of the resultirg curve from +the data. The curves
show a 2efinite trend and correlation of curves for each sub-
base and soill addltive material. The 22-A graded gravel and
plt-run gravel were founc to produce curves wWlth a greater
break, at the lower ratioe of settlement to bearing area dla-
meter, wiilcn would lead to difficulties 1n graphling. This
can be expleined by the same asswintion that the penetrometer

could not be depended on to produce rolliable data in solle

contealining stones or forelgn naterlals.
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Fartauer tests sh.ould be conducted cn rates of seeding,
fertilization and variations in seeding mixtures for shoilder
stavillizatlon and airfield projects. Future testing should
also include studies of turf growth on compacted saitbase nat-
erials whichh would vrove very valuable for alrport work and

shoulder lmprovements on compacted suboase materials.
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TABLE 1 APPENDIX




TABLE II

DUPTE IN INCHES
Plot Curve

No. No, _O" i A - 3 v a" AR A ﬁfga ggig at
Load in Lbs, for sbove Depthe in, Depth 20
1 1 0] 62 76 84 €88 96 28 <9 Y9 .75
1 2 0O 105 138 140 140 148 154 155 152 ,75 131
1 5) O 120 154 168 174 « 7O
1 4 O 140 15z 172 .70
1 s} O 140 168 .79
1 6 O 164 171 .75
2 1 0 93 1zl 150 1l&s 75
2 z O 108 1395 145 163 e 79 136
2 6] O 131 152 153 170 .75
3 1 O 85 127 150 180 .75
3 2 0O 131 185 .75
5] 3 O 148 152 165 174 .70 138
S 4 O 149 139 172 . 7O
<4 1 O g7 121 13D 1HE L7« .75
2 O 108 127 14l 1506 174 .70 162
3 0O 148 152 160 174 .75
o 1 C 55 88 18 1lal 100 1598 15 . 7?0
S5 2 O 51 1l4 126 137 168 70
b 3 O 100 130 1la3 170 .79 Lt
o 4 O 180 141 102 160 .75
o o O 138C 1&g 170 170 171 « 75




TABLZ II (Continued)

DEPTH Ili INCEWS
Plot Curve Area ..ean
No. No. _Q" _1W on 3w 4 S

4n gy 7w gw 2 Loai At
Load 1in Lbe. fcr above Deptns in, Denth 2"

S 1 O 110 131 1bg 15635 .75

) 2 QO 118 132 143 124 .75 135
S 3 O 120 1+l 152 172 .75
? 1 O 104 120 136 1<l 150 .75

2 O 1lz8 134 14l 150 1loo .75 122
7 S 0 130 134 14z 160 176 .75
& 1 0 5 96 127 150 1lo3o .75

8 2 O 20 106 115 128 la2 12 . 7H 104
8 3 O 96 108 125 130 165 .75
9 1 O 102 133 150 182 .75

g 2 0 119 13z 1&Z 1bc .75 las
] S 0 123 185 172 160 .75
3 4 O 1xv 152 180 .75
10 1 O 120 149 157 107 167 157 g)

10 2 D 116 125 152 14l 146 1«46 1«8 .70 las
10 3 O 155 157 184 154 170 .75
10 4 O 185 131 182 171 .70
11 1 O 127 1582 1830 1382 180 1lc¢l 1cl .70

11 'y O 14D 1lbs 1ED 1lsos 187 197 .70 157
11 o O 143 161 131 161 131 1lcl .75

——— ————— e




TABLE II (Continued)

DEPTH IN INCHES

Plot Curve ___ Area liean

No. Nc. o i AR L 50 gn 7V gt — 2 Load at
Load in Lbs, for above Depths in. Devth 2"

12 1 O 110 122 1lz2 122 122 12¢ .75
12 2 O 118 133 131 125 123 .75 129
12 S O 131 18l 151 130 123 « 75
13 1 ) 65 38 115 139 180 «7D
13 2 0 72 124 154 158 .75 118
13 3 O 87 118 1358 158 .75
15 4 O 118 140 141 158 .75
14 1 O 79 98 138 l44 159 175 .79
14 2 o) 84 98 131 144 170 176 .79 114
14 3 O 91 118 138 162 169 175 .75
14 4 O 127 141 150 150& 168 175 .75
15 1 O 26 140 143 1486 158 172 .79
15 2 O 10& 130 168 .75 139
15 3 O 123 143 168 171 .75
16 1 O 6L 92 124 131 152 162 171 .75
16 2 0O 79 111 12¢ 138 147 156 158 1o .70 101
16 3 o) 79 109 1206 138 1562 170 .75
17 1 o) 62 &5 w7 121 138 .75
17 2 O 88 92 121 150 142 .75 93
17 3 O 70 101 122 139 152 .75
17 4 O 80 112 128 lal 162 70

70




TABL: II (Continued)

DEPTH IM INCHES
Plot Curve Ares, Llean

Nc. No. QW 1w on 5w 4w Bwn _gWh 70 g __ 2 Load at
Load in Lbs. fcr above Depths in. Tepth 2"

18 1 0 70 84 99 122 140 « 75D

18 2 Q g0 93 126 140 154 « 78 106

18 3 0O 91 112 126 134 l44 .75

18 < QO 108 130 152 1lés 146 « 75

19 1 O 46 70 88 118 134 152 .75

19 2 0 50 72 93 127 140 152 161 .75 52

19 5] O 68 g2 110 127 131 150 .« 70

12 4 O 72 92 114 151 150 .75

20 1 0 36 74 100 128 142 154 .75

20 2 0 48 78 95 120 1&5 151 .75

20 1) 0 68 92 123 126 1.0 132 140 152 e 7D Ske)

20 4 0] 92 112 123 140 1868 178 .75

20 5 O 92 119 132 l4a« 170 .78

21 1 o] 38 62 81 100 1z0 148 e 75

21 2 0 44 82 112 135 141 14 .75 £77

21 3 0] 4+ o6 Loo 152 .70

21 4 o 98 118 129 14 182 .79

22 1 O 88 110 128 141 e 7O

22 2 108 127 133 139 154 .75 126

“2 c 0 121 130 144 150 160 .75




TABLE II Continued)

DEPTH IN II'CHIS

Plot Curve Area .. egn

No. No., OWF TW W "W gw_ow _gn oW _gn  _ 2 Toad at
Load in Lbsg. for above De=pths in Depth 2"

23 1 O 128 129 140 152 .75

23 2 0O 137 13 140 140 .75 139
23 3 O 148 149 149 149 .75
24 1 O 110 110 112 119 120 130 .75

24 2 0 118 118 129 121 120 130 .75 125
24 % 0O 129 129 129 135 .75

24 4 O 140 143 151 153 164 .75

25 1 0 3t 100 100 118 133 160 . 50

25 2 0 57 24 lz2 l4a 181 .50 112
25 3 0 80 131 140 l44 .50

25 “ O 128 133 140 .50

26 1 0 85 96 121 139 150 154 .50

26 2 0 26 118 140 155 164 . 50 112
26 3 0 91 122 122 14l .50

27 1 0 79 89 98 112 1548 150 180 . 50

27 2 O 87 128 1li4 148 .50 117
27 & O g3 115 14 . 80

27 4 0 100 136 1bH4 176 .50

28 1 0 64 88 115 1¥ laa .00

Lo 2 0 30 108 108 128 140 . 50 105
28 3 o) 90 128 1z8 128 140 . 50
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TABLE II (Continued)

DEPTHE IN I.JCHWS

Plot Curve Area ..ean

No. No. OM 1" 29 AN 4n o5t on 7" g =2 Loada at
Load 1n Lbs., for above Deptins in. _enth 24

29 1 0 66 94 128 . 50

29 2 2 6€ 108 118 . HC 113
29 3 O 0 111 118 141 168 . 20
30 1 O 50 81 110 126 141 15€ .00

30 2 o €& 85 120 . 50 85
S0 3 G 70 90 130 131131 . 50

31 1 C 71 85 129 139 Eele

51 2 0 88 91 .90 104
31 6) O 77 118 140 . 00

31 <4 0] 88 lgz 121 128 145 .00

32 1 0] 43 72 100 140 140 . 90
oL 2 96 B0 85 2L 137 14l .00 78
3< 3 0 8L 82 87 94 . 50

1) 1 O 38 683 78 92 137 lbs .50

636 1 9] 48 S+ 82 98 130 .00 71
33 S O 5¢ 77 93 140 105 . 50

35 % 2 1z0 131 131 131 . OO N, e
34 1 o] 64 72 152 .50

O 2 65 76 63 130 . 00 76
o4 O o) 71 80 80 w30 8¢ 130 . 50
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TABLE II (Continued)

DEPTH IN INCH:S
Plot Curve

Area ..ean
No. Jo, OW IW  ow 3w 4w Gu __gw _gu__gw

— 2 Loai at

Load in Lbs. for ghove Depthsa in Jenth oY
35 1 O 6 70 80 . 50
T5) 2 O 88 78 78 83 10Ul 118 144 .90
S0 % 0) 8o &7 87 88 125 . D0 101
30 4 O 86 142 laz 135 « 90
SO () Q 96 130 119 119 119 140 « 00
36 1 O o8 ©68 70 70 55 « 90
93S) 2 0 7?7 7?7 77 w7 77 67 87 .90 8e
56 S O 82 82 82 22 82 &8 82 13C .50
50 “ O 1lo0O 125 1llo . 00
37 1 O g1 125 145 164 . 00
37 2 O 1l 1z8 144 16& . 90 162
37 S O 131 137 150 152 168 « 90
S8 1 O 75 15¢ 139 1oE . 050
o8 < O 11lb 128 162 . 90 120
38 S 0O 126 130 153 160 .50
39 1 0O 10V 142 1568 . 50
o9 2 0O 115 134 14z lad 160 . 00 1388
S S 0O 12 138 148 1les . 50
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TARLE II (Ccntinued)

DEPTH IN TlcuD

Nt oA

Plot Curve

— . Area ..can
NO. Wo. QM 1w on  Zu ouw  Bw  gn PN gr . S load at
1Load in 1Lbg. for abov= Dorths in 22ntn oM
40 1 o) 72 11le 137 158 . oC
40 z 0 &3 13« 18& .53 1a¢
= S 9 3z 131 1565 .8
=+ < 3 120 162 .90
4l 1 9 80 34 20 138 .50
<1 < O 72 T4 12z 148 . 20
=1 o 0 7?5 94 13c 144 15«4 .80
=2 1 @) 72 lac 158 .00
ac z C 75 7o 2T 11T 1éd el 170 .00
22 ) c 20 130 150 N 1&o
v 4 C 121 144 . 90
42 s} C 140 lco « O3
=3 1 Q 74 90 1zC 18C elS:
43 e Q 53 115 128 .20 10
D96) S i Sl 127 13- 15C . o0
44 1 v 71 118 142 1865 « 80
T4 2 9 76 86 1FZ2 131l 140 . 5C
<% 5) Q 7S L&D 120 «OJ 1=
g < J £ 1z 3 170 . 00
N o) O 1« 170 « 00




TABLE II (Continued)

DEPTH IN INCHLLS
Plot Curve

ATeg i.ean
No. No. ov 1 AL N 40 5i g i gl - 2 Load at

Load in Lbs, for above Leptns in. Depth 20
45 1 0 78 99 130 144 15% . 50
45 2 0 88 120 120 125 140 . 50
45 S 0O 118 122 1563 135 140 . 90 125
4O % 0O 10 141 152 1562 1b5Z .00
45 o O 131 1«42 150 .00
406 1 0 70 30 120 135 180 leo .00
46 2 @) 74 102 155 .00
46 ) 9 SH 1lz4 140 . 90 107
40 “ O 110 110 110 112 1«2 lac . 00
46 o) QO 120 120 11y 1zl .20
<7 1 Q 68 31 =1 94 . 00
«'7 2 O 75 90 90 90 9O . 00
"7 S 0] 2l <20 ¢2 108 . O0 101
47 4% O 120 120 119 119 130 . 90
<7 o 0O 122 12C 130 148 . 00
48 1 0 38 42 4?2 42 42 42 42 42 .50
48 2 0 40 53 bOH 60 o0 60 60 80 . 90
48 3 0 868 88 12 122 . 90 73
48 £ 0] 70 70 72 B84 . 00
48 o @) S 73 73 75 7O « 90
48 8 O 129 129 . OO0




TABLE II

(Continued)

Plot Curve

DEPTH 1IN INCH=S

Area Liean
No. lo. ON 1w _ aMn S an LA ]] 8" . 2 Toed =zt
_Load 1n Lbs. for gbove Dearths in., Centh 2%

1 o2 116 132 157 188 1689 .75

2 5 130 130 130 121 1z1 .75 114
1 3 95 187 178 . 7H
2 1 73 141 182 174 .75
2 2 80 15& «75
2 3 122 .75
G 1 111 171 .75

S 2 -2 .75 16+
3 3 37 .75
5 1l 22 35 146 156 .75

5 Q7 36 1la? 15z e 7O 127
5 3 1z1 54 171 169 .75
11 1 102 127 1z7 125 «7E

11 v 150 130 .75 13€
11 3 56 152 152 155 .78
1o 1 78 137 157 171 .75

16 2 57 133 15¢ 173 .75 106
16 3 88 141 180 178 75
1o 1 35 11z 1l6s 151 « 75

19 2 47 125 1«40 18= e 7O 55
19 S 48 o 122 152 .75




TABLE II (Continued)

Plot Curve

DEPTH IN INCHES

Area liean
No. No. owvw 1" on Il gn X0 an o an —_— 2 Logg et
LLoad in Lbs., for zhove Ceptus. in. Depth 2"
22 1 B2 121 156 170 LTO
2 2 0O 98 150 138 146 151 .70 125
22 5] 0] 117 1365 158 178 e 7O
1 1 110 .75
2 150 .75 140
1 3 180 e 7?5
2 1 140 e 7O
2 < 142 e 7D 14
2 S 134 . 7D
3 1 134 7O
3 2 152 .75 156
A 3 172 e 7O
4 1 120 e 7D
4 ’ 122 . 7 124
130 7O
5 1 102 - 75
5 ) 140 e 7O 137
5 3 153 ide)
S 4 154 h>.75
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TABLE II (Continued)

Plct Curve Load in Lbs. Areg i.ean
No. No. at 2" Deptia —_— 2 Load at
. in, Teptn 24
6 1 187 . 7D
6 2 143 .'70 1ab
3] S 187 .75
7 1 102 «?5
7 2 103 e 7O 113
7 3 135 .70
8 1 114 e 75
8 2 141 .75 138
8 3 1568 .75
e ] 1 £ e 75
9 2 156 e 7O 158
9 3 180 « 75
10 1 154 . 7O
10 2 168 .75 156
190 3
11 1 153 .75
11 2 165 .75 162
11 3 168 .75
12 1 140 .75
12 2 152 .75 14C




TABLE II

(Continucd)

Plot curve Load 1n Lbs. ATrea i.ean
Ho. No. at 2% Depth -_ 2 Load at
in, Tepth 2"

13 1 128 .75

13 142 .75 137
13 149 .78

14 1 123 75

14 2 127 .75 131
14 3 143 .75

15 1 125 .75

15 2 128 .75 130
15 3 138 .75

156 1 93 .75

16 112 .75 110
186 %) 125 « 75

17 1 110 .75

17 2 112 .75 114
17 S 120 .75

18 1 128 .70

18 2 128 .75 129
18 3 130 e 7O

19 1 80 .75

13 2 g0 .75 98
19 3 118 .75 .

80 -~




TARL® II

(Continued)

Plot Curve Load in Lbs. Area IL.ean
No. Mo. at 2% Depth - 2 Load at
in, Denth 2%
20 1 117 .75
127
20 2 137 .75
21 1 115 « 75
118
21 2 118 <75
20 1 127 .75
130
22 2 133 .70
23 1 146 .70
151
23 2 15¢ .75
24 1 160 .75
24 2 153 e 7D 156
4 3 155 .75
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TAELE III

Subgrade Liodulus "k" for 2500 Pound Load

— . e

Plot Planting Grass hlxture and Rate
No. ngn ..onth
1 65 April
72 June Alfalfa & - Rrome 7 - Oats o2
70 Augsust
o7 October
S 67 April
70 June Bromegrasa 40
69 August
o4 October
? 73 Avril
7 June K> ntucky bluerrass 15
90 August
75 October
10 60 Avril
61 June Chewln:; fescue 15
o’ Augsust
50 Cctober
13 72 Anril _
70 June kedtop 20
£) August Lentucky bYluegrass 40
o4 Cctober
16 82 April
75 June Domestlc rye 15
50 August Chewilny fescue 40
Ho October
le 110 April
90 June Crchard irase 40
81 Aupuet
73 Cctocher
20 a7 April
O June Tall Fesecue 4C
o7 Cctober
Planted - 1344
Tested - 1249




TABLE V

Plot Depth Load at Depth Load at Load at
No. X (1) Depth X v (1) Denth ¥ Denth O.z4
1 <176 2000 . 228 2500 2250
2 .178 20C0 . 235 2500 =250
O 174 3000 .215 3500 3300
4 .182 1600 . 266 2000 1600
5 C173 20C0 . 202 2500
6 .128 1000 «211 150G 1450
7 . 200 2000 2000
8 .131 1000 222 1509 1400
Q2 . 200 1500 1500

10 . 200 2800 2500

11 . 158 250 ) e 202 3000 2700

1z . 141 2000 . 260 2500 2250
13 . 178 2000 . 228 2500 225C

14 . 190 2000 .« 202 #2800 2100

15 . 200 2500 2500 !
16 174 2000 « 224 2500 22950
17 « 164 1500 e 252 2000 1°75C
18 . 200 1500 1500

19 « 160 1500 e 247 2000 1750
20 . 129 2000 e Pl 2500 2=10
21 135 1500 « 25O 2000 1570

=2 <195 2500 e 206 3000 26950
20 « 13U 1500 . 212 2009 lbob
24 . 188 +500 e 209 5C O <300
- O . 182 5000 . 21L6 5500 055




TARL V

(Continued)

Plot Depth Load at Denth Load at Load ~t
No. x (1) Depth X v (1) Depth Y Denth O, 2w
z6 121 2500 «&1Z 3000 2700
27 . 194 3500 « 225 4020 3600
28 173 295020 . 203 320 2210
29 . 188 2000 £ P 2500 ZLlEb
30 e 173 3000 « 2005 5000 YA
31 «171 S500 « 210 4000 5220
O e 200 2500 S oUNG
Od « 182 25°2C e <14 3000 2500
S4 e 120 4000 e 210 50 .0 17200
GYe] . L322 400 e 20U 4100
61S) e 1E2E 3000 . 212 SON0 o1lCO
57 « 200 2000 20 JO
33 . <00 SLL0O 6000
39 . LC 5500 .2lo SO 57C0
40 <193 101818 L2la 5500 o5l1l6o
41 <121 e101910] e Q7 5oV 52250
Y= . 180 B9C0 L2005 4000 3900
1) RS HG) 4+000 . R27 4500 4122
G < e 193 5500 .22 G500 o620
+O e 200 10500 1502
46 . 200 7000 7000
<7
48 . 200 5500 HoLL

(1) X w«nd Y are the dentins and corresponding loads wnleln,
when intervolat: d, Sive thne lowd at tile centlhh o V.2 lacre
- 34 —




