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PROGRESS REP ORT ON STUD'{ OF TURF GRO'\i'l'rR ON SOIL iillXTURES 
AVAILABLE FOR HIGHWAY SHOULIER CONSTRUCTION IN MI CHIGAN 

Tyson 
Finney 

In 1944 a study of the growth of grass on variou:s soil mixtures aw.il• 

able f or the oonst ruction of highway shoul ders i n :Michiga n we.s undertaken 

a.s a joint r es earch project between the Soil Science De:i;.e.rtment of Michigan 

state College and the Research Laboratory .of the W.ichigan State Highway 

Departm~ t • 

Tho main objective of the study wa.s t o determine t he effect of mi xing 

various amounts Qnd kinds of s oi l s into the top six i nches of . the commonly 

used sand and gravel subbase (be.se course) or shoulder- materials on the 

growth of grass and upon the 'stability of the shoulders produced with them. 

The soils seleoted for mixing with the sand and gravelly subbasa or shoulder 

material s were those cernmo~l:y available for this purpose i n southern 

Michigan. 

The investigation consists of two parts. The f irst: part pertains t o 

the establishment or an expar i raental t est area in whioh turf growth and 

stability of different s oi l mixtures oould be studied under controlled oon

ditions . The eecond phas e involves u comprehensive field study and evalua

tion of turf growth and stability of existing highway should ers throughout 

Michigan. This p a.per is essentially a. progress report summarizing the 

results obtained so far in connection wi. th the experimental t est e.ree.. 



Tyson 
Finney 

The work indioe.t es that Chewing 1s fosoue is an excellent gre.ss to 

plant on sandy and gravelly stab11i%ed shoulder materials. Topsoils con

sisting of :Miami loo.rn, Brookston loam. and Bellefontaine sandy loam can 'be 

satis factorily mixed wi t h sands und gravels to produce turf. In certain 

oases mixtures of olay and peat are successful. Chewi.ng 1s fescue should be 

planted alone or with a small amount of the ·so- called nurso-gre.sses. An 

0 xoesa of nurse-grassos which gerrninnte quickly is detrimental to the est&b

lishment of the Chewing 's fescue es pecially in the second year when t~e 

nurse-grasses disappear. 

Rutting tests indicate that all of ·the soil mixtures under study q.o 

not possess satisfactory stability charaoteristios when wet. All fo.ctors 
I 

considered, the data indicate that 22-A prooessed gravel is t he best of the 

soil mixtures in relation t o stability und turf growth, 

The report includes a desoription of the test area) and a. discussion 

of the turf development on the various soil mixtures. In addition, methods 

employed in conducting stability tests on the individual grass plots are 

presented together with test results. 

D &SCRIPTION OF ExPERIMENTAL TEST .AREA ------.-- - - -
The surface s oil was removed from an area f orty feet wide and ninety .. 

six feet long with a bulldozer. Granular materials consisting of; (1) inco .. 

herent sand, (2 ) graded sand, (3) pit run gravel and (4) prooess ed gravel 

(Michigan State Highway Specification 22-A) was laid down in parallel strips 

eighteen inches doep and ten feet wide in a north-south direction. 
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Additive soil Illllterio.ls wore sprend in strips eight feot wide , oross

~ng the £our grnnulo.r mn.t erinls in o.n east-wost direction. Theso o.dditivo 

soil mntorials consisted of Min.mi loo.m surl'uc0 soil, Brookston lorun surfo.co 

soil , mixtures of subsoil clay c:md peo.t and Bellefontaine sandy loam overlay 

on gravel pit incl uding surface mnterio.l und B horizon down to grnvol. 

Figure 1 prcsonts a lnyout of the t est o.reo. showing the position of' tho grnn

uJD.r b~se mnterinls nnd the kind and poroent~ges of additive soil mnterinls 

usod. Figura 2 shows u vicvr of test area __ vrhilo undor construction. Those 

soil muterinls waro incorporutod into the top six inches of the granulo.r 

oo.so mnt erinls by mixing crver nnd crvor with shovels until as homogenoous o. 

I 

mixturo o.s possible wus obtninod. The soil in tho test nroa wns oompo.otod 

by rolling repea.tedly with u cultipnckor drnwn by a 4 wheel Cns e trn.otor 

until no further consolida.tion wns uppa.ront. An uttompt wns rondo to simu

lo.to o.s n onr ly o.s possible shouldor construction conditions on ro&ulnr 

highwuy projects. 

Fortili zer of n 10-6-4 grade wus broo.dca.st over the nroo. at the rate 

of 500 pounds por aero. A grnss seed mixture composed of equal pnrts of 

Kentucky blue grnss, Chewin~ 's foscue, and domestic ryegro.ss wns sown nt 

the ro.tc of forty_ potmds per o.c~o. Tho fe rtilizor application was repoutod 

a.bout April 1st of euch your. The gro.ss wa,s allowed to grow without mowing 

in tho fo.11 of 1944 und since thc,t timo it hns boon mow0d four to six times 

ea.ch yoo.r ·with tho ordinc.ry s icklo-ba.r type mower. 

The e:xpor imcnto.l test o.ren wus constructod, fertilized cmd soi'm. in 

Auguat 1944. 
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The soil materials considered in the investigation are described in the 

following manner. 

Miami Series: Miami is a well-drained clay soil ran~ing in texture 

. from a loam to a silt l oam oocurring on undulating to rolli ng moraines and 

till plains. The soil is sli~htly pla~tic and easily compacted when moist, 

hard and dusty when dry, and soft and slick when wet. The soil is in the 

A·6 group of Public Roads Administration Soil Clasaifioation. 

Brookston Seri es: Brookston soil is charo.cteri&ed ~s a poorly drain~d 

clay and ranges in texture from a l oam to a olay 1loam. Under normal condi

tions, the ·soil is soft to plastic but will become tough to har-d when dry,. 

Thia soil falls in .Group A-6 of Public Roads Administration Soil Classifica

tion. 

Bellefontaine Series: The surface soil of Bellefontaine ranges in 

texture from sandy loam to o. loam.. The 11B11 horizon i s a reddish br.own color 

and consists of a mixture of sand, gravel and clay. The quantity of clay is 

sufficient to render the mass stioky when moist; moderately hard when dry. 

The soil falls in A-1 group of Public Roads Administ ration Soil Classifica~ 

tion. 

Fox Series: The surfaoe soil of Fox ranges in texture from a sandy 

loom to a lorun. The Fox soil is similar to Bellefontaine but is distin

guished from it by more nearly level surface features, by a greater uniform

ity of the "B" horizon, and o. uniform substratum of s t ratified gray sand and 

· gravel which contains a high percentage of oalcareous material. The soil 

falls in g~oup A-3 of Public Roads Administration Soil Classification. 
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Incoherent Sand: Obtained from the Coloma soil series which ranges in 

texture from a sand to a loamy sand, It is l oose, relatively low in water 

nolding capacity and subject to ·wind erosi on. Falls in Group A-'3 of Public 

Roads Administration Soil Classification. 

Graded Sand: A residue washed sand from a l ocal gravel pit, woll 

graded from coarse t o fine. · · 

Pit-Run Gravel: C Hori;wn of Bellefontaine Series.· 

Processed Gravel ~: Road surfacing a.ggtegates ·;li t hout clay binder 

soil. Consists of c_rushed graveJ. , a.nd conforms to the grading a.nd physical 

r equirements f or Michigc-11 State Highway Department's specification for 22-fi.. 

Clay; This soil vii.ts obta ined from iviia1ui Series, C Horizon. 

;pea~: 1<Joody peat .fr om loca l depo~it. 

The phys ica l characterist ice, of the different soil materials ha ve been 

swnm.arized in Table 1. 

GR01HTH 0~ 'l'URJ' 

Although there are no adequate standard methods of measuring the 

quality of turfs for highway shoul ders such a,8 are used ir1 agricultur~l 

research for measuring the producti ve capa cities of pasture and meadow turfs, 

an attempt has been made during the pa.st three growing seasons to evaluate 

the quality of the t urf by estimating the percentage of grass coverage or, 

in other words , the densi t y of the turf. A turf for hi ghviay shoulders is 

considered to be satisfactory if it is distributed fairly evenly over the 

ground · and covers 65 to 70 percent of t he 1:-1.irface o.r ea. Turf which covers· 

90 to 100 perc<'lnt of the area Illi:lY present a more pleasing apJ)e1:1.rance, but it 

is not necessarily more suitc:bl e f or shoulders. The effect of the various 

soil mixtures on the growth oi' the gra:Js are shovm in Table II. 
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TABIE II - PERCENTAGE OF DIF}'ER ENT GRASSES IN 'rURF 
fBR 1945, 1946 .AKD 1947 

INCOHERENT 
SAND 

:1 ·----- - - -·- --- -

GRADED PIT RID~ 22-A 
SAND GRAV4'1 PROCESSED GRAVEL 

l~- ,-~-, -l~-f---t-¼-~1~4§-14~-f~j-:--- ··;ii~-P. i~A '~1 ~1i45-146-·i·47··-

F 58 §A ?~ f ~R pQ 25 it 8,p tO 49 t f ~o Bo 70 

~ _so_ 30 15 __ ; 4 : : -:~ -: - -- -;<: :: :: _ j 8 :: :: :: __ 

Q 40 JO 65 Q 40 35 5.S Q 20 25 55 
-- ---···- -·-- ·---i• ··-··· ------ R 20 

15 · 27 39 ! F . 70 65 35 F 60 60 35 F 60 50 35 
l Q 30 35 65 Q 25 35 65 Q. 20 45 65 

2 

F so 65 45 
Q 50 35 55 
---·-~-
3 

65 75 50 F 
25 50 

- -----··· ---4-- - •--·-··-·--··- _R __ lS,_ ___ _ ._R --2.Q ... --··- ·-
4 16 28 I 40 

Q 35 

F' 95 98 100 F' 95 98 100 F 70 . 98 90 ! F 50 95 95 

R 
5 

---- i~:--98 1:0 ! ~ ;: 9: -~;+;- 95 • 95 
n 5 Q o 10 3 l r ~g 
~8 

60 - ~~-::-- -io :: 10~;-W-:-95 - 95 
R 40 Q o o 5 I R Bo 

--------·--·· _E_Q.Q.__ -·-·--1----·-·--· ·· 
19 31 I 43 
F 95 100 100 F 65 100 100 · F 60 100 100 .· 
R · 5 R 35 ' R 40 

5 
80 98 F 100 

R 20 

6 
F 70 90 100 
R 30 

7 
80 F 98 100 

R 20 

8 
F 70 100 95 
R JO 

44 
F 50 100 98 
R 50 

20 
F 95 100 100 
R 5 

32 
F 60 100 100 
R 40 

, ________ ·· ····----- ·---- - . - --- ·- -·f-4·-5 
9 21 33 

I--~~- ;~ 100 - 98 -.r 100 100 l :_ - i -!~_ l0~-9~--i-i- ~- ~- 9_8_ 1_00 __ _ 

10 22 
~o {

4 50 
46 

F 50 98 85 F 60 95 75 90 I F 70 75 95 

~ 
Q. 0 • 0 10 R 40 R 50 ! R 30 
R.. 50 _ 

~ 
--·------ ·r--· 

11 ?.,3 1 50 40 so I i1 50 § F 50 75 85 " 50 JO 50 80 95 
rx. Q 10 15 15 Q 10 50 45 Q 10 40 40 , Q 10 10 5 I'>:! 
j :a ~o . 40.. .-R ... _4JJ . i_R_AfL_ 
I'>:! ----LJ120 75 60 

24 50 
16 48 50 50 F 20 45 "F 20 )5 50 F 20 

20 15 35 Q 20 45 45 Q 20 50 45 ~ 20 35 50 
6Q ll QQ R 60 i .R 60 

' 
F = Chowing 1 s f0scuo Q c; Qunckgro.s s R = Ryegro.ss 
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The Kentucky bluegrass did not survive in competition with the domes

tic ryegrass and Chewing' s fesoue even in the first year on these soil mix-

tures. 

Domestic ryegrass germinated quickly end Grew rnpidly in the fnll of 

1944 and 1945• The growth of the ryegrass wns proportional to the umount 

of fine material in the mixtures, art ~xoellent cover bein~ produced on the 

plots which contained the highest percentages of fines. The lorgest growth 

of grass in the fall of 1944 and in 1945 was produced on plot 42 consisting 

of 25% Brookston loam surface soil mixed into the 22-A gravel material. 

The growth of the grass on plots 41,12, 24, 36, ond 48 was nlmost as large 

as on plot 42. Plot 41 consisted of 20% Brookston loam surface soil mixed 

with the 22-A gravel materio.l and plots 12, 24, J6, und 48 had 6 inches of 

Bellefontaine sandy l oam placed over incoherent sund, graded sand, pit-run 

gravel, and 22-A gravel respectively. 

Chewing I s fes cue was the only grass tho.t su.rvi ved to ony extent in 

1945 on plots 16 to 21 inclusive. These plots are the ones in which 

Brookston loam surface soil nnd mixtures of clay and p~at are added to the 

graded sand base material. It vms the domino.nt grass .:on e.ll plots on dune 

sund, pit-run gravel, and 22-A grnvel base in 1945 vdth the following exoep

tions 1 (1) Ryograsa predominated on all plots on which.6 inches of 

Bellefontaine sandy loom wns ple.ced over the b11se material; (2) Ryegross 

predominn.ted on the 22-A gravel base materinl to whioh 20 and 30 percent 

Brookston loam surface soil was ndded nnd on the pit-run gravel material in 

;vhich JO percent Brookston loom surface soil was udded• 

. -10~ 



"-JD U,U. 

Finney 

The turf on the plots in which 75 a.nd 100 percent Bellefontaine scmdy 

ionrn and those in whiol1 Miami ioutll ~urfo.ge ~qil vms udded contai ned from 10 

to 50 percent of quackr;rnss. Roots and rhi zomes of qunokgro.ss were intro

duced into these plots with the Miu.mi r.nd Bellefonto.ine surface s oils• 

sorne weed seedsJ plo.ntuin, sorrel, dock~ dandelions, und thistles were like

wise introduced with the surfo.ce soils. These wee ds hnve reproduced and 

grown vigorously in the turf, especiully on the plots i n which Be llefontaine 

so.ndy loam wus added t o tho gr anular bo.se :mnterinl s. 

Durine; the 6r ovrin£ season of 1945 and t he following wi nter, a ll of the 

domestic ryegrass diso.p~eared from the turf. The net result wua that the 

turf, on plots on which the luxuriant growth of the domestic ryegra.s s re

tnrded the growth of Ghewini; 1 .s rescue, bean.me very thin with incomplete 

oovernge of the surface in 1946, This was especio.lly true of the plots with 

22-A graded gravel , pit-run gravel, and graded so.nd materials in which 20 

a.nd JO percant of Brookston lon.m surfnce s oil were mixed. 

The turf on t.\lmost' ull of the plots except those with the incoherent 

sand buse rnnteriu l detarioruted during the 1946 growing season becnuae of · 

the extremely low r a infall. The total rainfall from June 20to September 1 

wus app roximately .95 inch. Chewing 1s fes cue o.nd quo.ckgra.ss, two grasses 

that are extremely drought tolero.p.t J i.- e ., they become dormo.nt during 

drought periods u.nd recover quickly when moisture is n.guin avn.iluble recov

ered remarko.bly during the f all of 1949 a nd the growing sea son of 1947, 

The moisture conditions in 1947 were extremely fo.vornble for the gr owth of 

grn.sses. 
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The quaokgro.as introduced with the Min mi loom o.nd , Bellei'onta.ine B!l.ndy 

1oam soils grew vigorously in 1947, a. season of relatively high r ~infnll, 

05pecio.lly in the spring. The quuckgrass grew so vigorously on the plots in 

'YITlich Miami lorun surfa.ce soi l wo.s added thet the turf contained ot lenst 50 

peroent quackgro.ss exoept that on the plot consisting of 10 percent Miami 

100.m mixed with 22-A gro.vel. On th-e p lot a :i.n which Bellefontaine , ·ins added 

• to the granular base mo.teriuls the proportio??- of quackgra ss in the turf "1'18,S 

influenced by t ha soil mixtures. There vro.s only a very s.1110,l l amount of 

quo.ckgra.as in one of the plots conto.i ning 50 percent Bellefontaine .so.ndy 

loom, 5 to 45 percent quackgrass in the plot·s contnining 75 percent 

Bellefontaine sandy loom, o.nd 35 to 50 percent in the plots containing 100 

perceot Bellefontaine sandy loam. 

PERCENT TURF COVERAGE 

The quality of turf for shoulder purposes i.s r eflected in the density 

of coverage of the soil surface rather than in the total grov,th of the grass

The estimated densiti e.s of tho turf ooveroge on the plots for the years 1945, 

1946, and 1947 are shown in Table III , These dutu indico.t e the effect ef 

the soil, of the sensonnl climo.tic condit i on:i, md of the grnss varieties 

used in the seed mixture~ o.nd introduced as vegeto.tive mntaria.1 with the 

surface soil on the turf. 

- 12-
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TABLE III - PERCENT COVERAGE OF TURF 1945-1946-1947 

INCOHERENT GRADF.D PIT RUN 22-A 
SAND SAND GRAVEL PROCESSED GRAVEL 

'4', ' 46 1 4 7 I 4c; 1 Llf, 147 I 4c; 146 147 I 4c; I Llf. 14? 

~ l 13 25 37 

JO 60 95 20 50 95 40 65 95 60 60 95 

2 14 26 38 

~ 45 70 100 I 50 65 100 55 . 
70 100 65 70 100 

3 15 27 39 

65 70 100 65 65 100 65 70 95 70 70 100 
~ 

4 16 28 40 

40 65 85 JO 35 55 60 30 60 70 70 95 
~ 5 17 29 41 E-1 
C/l 

~ 55 75 95 ! 40 60 65 75 40 65 85 75 95 0 
~ 

. 
iri 

. 
6 18 30 42 

65 75 95 60 40 15 130 25 -~o 95 15 95 
~ 

1 19 31 43 . 
40 70 85 JO 20 25 55 40 60 60 60 90 

E-1 

re 8 20 32 44 
I 

I 

g 45 75 95 30 20 35 50 40 70 60 70 90 
0 

9 21 33 
I 
45 

55 75 95 25 30 55 55 45 70 60 60 95 

l.O 22 34 46 

~ 
50 70 100 50 40 70 , 55 40 75 70 60 95 

H 

eS 1 23 35 47 

~ 75 85 100 75 40 90 75 50 90 15 60 95 ~ 

j 
~ 12 24 36 48 IX1 

- 90 90 100 90 Bo 100 90 75 100 90 15 '100 
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From the data given i n Tabl~ III, i t is noted tho.t s utisfnotory high

vro:Y shoulder tur f W(lS p.roduced in 1945 on -o.11 of the plots containing 22-A 

gro.vel material, and on .nll plots in which J O percent Mio.mi l oam, JO percent 

Brookston loam., or 75 and 100 percent Bellefonta.ine sa.ndy loo.m were used 

11s o.dditive mnterials with tho incoherent s a.nd, gro.ded sand, or pit-run 

gra.vel ba.se muterinls • Lik~ise the t urf was so.tisfo.ctory on t h e two p lots 

in which 10 an d 20 per cont Brookst'on loa m ,ms mixed with the pit-run gravel 

base mo..teria.l • 

The turf on the 22-A gro.vel o..nd the i ncoherent sand base mter io.ls 

was so.tisfactory for hi f;hwny shoulder ·purposes in 1946, with gro.ss oovera ges 

runging from 60 to 907o of the surfa ce. Lik awis e the tur.f, on o.11 plots in 
\. 

which 20 or JO% Minmi " l oom surfnc0 so i l wa.s the o.dditive mo.terial. wns with-

i n the so.tisfo.ctoey range, with 60 t o 90 percent grass coverage. The same 

wns true of 1111 plots i:.~ which t he grnnular bo.se mnteriul s were covered with 

a lnyer of 6 inches of Bellefontaine so.ndy- loam. 

The turf on the plots in ·wh i ch gra.ded sand or pit-run grcivol were the 

bnse materinls wna not as good, in genera l, ns that produced on t he 22-A , 

graded grovel a nd on the incoherent s£1I1d baso mo.terici ls. Likewise the turf 

produced on plots in whi ch clay-pea t mixtures were used as t h e additive 

soils were not o.s sntisfa otory , generally, u s that on t he plats in which 

the lo~m a nd sandy l onm surfa ce soils were used. Howeve r, the turf on the 

plots consisting of pit-run gravel a nd gruded sa.nd base nnt.erinls, in whi ch 

Brookston loam wo.s added., was vory poor in 1946. This wn s b€loause of t he 

domination of t h e ryegro.ss in the enrly stuges of estnblishment on these 

s oil mixtures and of i t s subsequE>nt disnppeciranoe from the turf. 
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Tho growth of the grnss vro.s muoh improvod gonorally during 1947, n 

isonson of relatively h_ig_h rnin fnll, ospocio.lly during tho spring an d er.rly . 

swnmor• Turf wo.s so thin and sco.ttorod c.s t o. b o tormod unso.tis.f o.ctory on 

only sovcn p l ots, 16, 19, 20, 21, 2n, JO, o,nd 31. The soil mixturoe nnd 

turf covorc,gos on t~oSf? plots wcro ns fol l ows: 

(16) 

(19) 

(20) 

(21) 

(28) 

(30) 

(31) 

l(fo Brookston l o~m vn th graded s~n~, 55% covorngo; 
' , 

10% olo. y p lus S% p ent wit h gra ded sc.nd, 25% oovor ~gc; 

15% ola.y plus lcr/, pout , with grc;dod sn.nd, 35% coverag e ; 

.25% clay plus 15% pout with grndcd s ::1.nd, 55% covcrngo ; 

10% Brookston loam with pit-run gravel , 60% covoruge; 

30% Brooks ton l oam with pit-run grnvol, 5Wo oovcrngo; 

10'/o olo.y plus 5% .pont wit h pit-r un ' grc.:vol_, 60;t covorr.ge; 

Sa.tisfnctory turf vro.s produced on C'.ll plots with: inoohor ont s an d or with 
. . 

22-A graded gr avol b r1.s 0 matorials rogurdloss of typo of c,dditive soil. 

STABILITY OF GRASS PLOTS 

Ono y our nftor tho grass plots ner o construot0d l'.nd soodod, two types 

of s t ability t ests wer e .conductod on t he grni.s plots to dotcrminc their 
. ~ 

a.bility to support lauds under dz,y c.nd soiturr.tori conditions . The first 

series of tosts aons ist ed of ~pplying n st~tic lo~d through a. 100 squnro 

inch bearing plo.tc c.nd mol'.suring t he c.mount of penotrution at differ ent 

loud i ncroments. Tho second s 0rios of tests wer e mudo to ohock t ho rosis

tnnco of the grass plots to r utting. This wns r.i.ccomplishod by driving a. . 

honvy truck; o. eras s t ho plots nnd moo.su r ing the depth of t ho rut ca.used by 

t ho moving wheels. 
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The: plr.te be[l.ring t es ts vrer e mo.do wh on tho rrnil ,vc,s in C'. n ormc,l dry 

condition, wh0roas the truck tosts wore concluctod when t ho soil wns both in 

a dry nnd in !l snturatod condition. 

}'lo.te nearing Tests 
:;.--

A fi vc ton truck wn s loaded wit h 0 r 11vol bJld other bnllust. I t wo.s 

bucked int o such u position thrit t ho r cc.r of t h e box was nbovo t h o v.reo. to 

be tested. Tho 100 s quare inch plntc w:c,s plccod on t ho g round and vrorked 

sl ightly until it r ostod in a. l eve l pos i tion. .An unglo iron frnmo s upport

ing o Fodoro.l ono-tb.ou3cmdth d i nl WCLs moved into place so th:·, t the dic.l stem 

wns C\t tho center of tho pinto. A slotted cylinder wr-.s pkcod ove r tho dio.l 

nnd adjusted until the dinl faco could bo roctd through o.n openi ng , Tho 

cylinder wr-.s capped by n special pla.to to which a hydr :.,.ulic jo.ck wns atto.oh

od, A co.libra.t cd dyncunomotor ring was fc..stonod t o thi s C'. ssombly:, nnd the 

upper fit ting on thi s r ins ro.:::~cto d c.g:~inst blocks under t h 0 truck b ox. A 

gcnerol vievr of tho c.ppc,rc,tus is shovm i n Fi6 ti.ro J rotd details 1my bo seen 

in Figure 4. 

After n. s ma.11 prelimino.ry l or.d hc.d been c.pplied to sent t ho plnte, 

t ho bearing pk.to wo.s loaded. Fi vo hundred pound i ncrements wer e nppli od 

in fairly rapid s oqucnco. As soon as tho dic-.1 showed n o f urther settlement 

the next inc1 omcnt of load wus o.ppliod. This wus rcpe0.tod unti l the limit 

of tho dial truvc,l wc.s rc::-.chod. Graphs wor e constructed for euoh test, but 

fo r compa.rati v o pur pos es tho subgr c,dc r.i.odulus 11 k 11 f or o 2500 pound l oc-.d ho.s 

b een tnhuld;cd in To.hlo IV fo r co.ch g r[I.SS plot . 'l'ho soil moisture condi• 

tion wus noted o.t tho ti•no of test. Tho b e~ring plc.t c t ests wore mo.de only 

under normC1.lly dry soil conditi ons . Only one series of penetration t es t s 

was conduoted. 
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fl:_ot No. 

l 
2 
5 
4 
5 
6 
7 
8 
9 

10 
11 
12 

15 
14 
15 
16 
l? 
18 
19 
20 
21 
22 
23 
24 

TABLE IV - RESISTANCE OF TURF TO BEARING PLATES (100 S~. IN.) 

Load - 2500 lbs. 

Penetration Penetration 
(inches) ~ % Moisture Plot No . (inches) llkll 

0.540 46 D 25 0 .200 125 
0.490 51 D · 26 0,152 164 
0.800 51 D 27 0 .106 256 
0 .640 59 D 28 0.158 158 
0.355 75 D 29 0.185 135 
0 .455 57 D 30 0.167 150 
0.520 48 D 51 0,205 1~2 
0.440 57 D 52 0 .500 so 
0.250 109 D 35 0. 575 45 
0.480 52 C 34 0 , 582 43 
0 .610 41 C 35 0.390 64 
0.900 28 C 36 0.670 '37 

0.2.40 104, D '37 0.087 287 
0 .250 100 D 38 0illO 227 
0 • .235 106 D 59 0.140 179 
0.440 57 D 4.0 0 .195 130 
0 .325 77 D 41 0.162 154 
0.350 71 D 42 0.250 100 
o .575 66 D 45 0.160 156 
0.570_ 44. D 44 0 .590 42 
0 .480 52 D 45 0.520 48 
0.550 7.1. C 46 0 .560 69 
0 .4::.0 58 C 47 0 .220 114 

Failure C 48 0.545 46 

Moisture Code(% Moisture) 

Plot 6 

A 3,83 
B 10 .25 
C 10 ,22 
D 10.01 

Plot 18 Plot 50 Plot 42 

5.53 2.67 4 . 11 
8,41 4 ,68 6.26 

11.16 5. ;~5 5.85 
7.59 4.85 4.59 

P ::: Load in pounds 
A::: Bearing area in ss_uare inches 
z = Penetration in inches 
k = Modulus of :mbgrade stiffness 

in p~unds per cubic inch. 

% Moisture 

A 
A 
A 
A 
A 

A=2 ,67 
A 
B 
D 
B 
B 
B 

A 
A 
A 
A 
A 

A=4.ll 
A 
B 
B 
B 
B 
D 



F.utt1.$ Tests -

Tyson 
Finney 

The seoohd test for stnbility of the gr~ss plots wo.s oonduoted by 

drinng a. loaded t ruck over ea.ch plot nnd noting tho depth of the wheol rut. 

The load ua od wns 10,000 pounds on a roar o.xle supported by tvio 10.00-20 

tires t\t 70 p.s.i. pressure. The truck -wo.s dri van in creeper gear just 

rapidly enough to prevent stoll~ng in the poor sections. Figure 5 i s a pic

ture of n section of l ow stnb:i li ty. Figure 6 . shows a. more typi cnl rot .. 

Beco.use of difficulties encountered i n gett ing the truck over the plots only 

ene run wo.s o.ttempted. 

The offeot of the p,.ssnge of the truck wns meo.sured by using profiles. 

Refer ence stakos wero driven enoh side of enoh plot . A stra ight edge wn.s 

plnoed a.cross the se sto.kes md o..t six inch intervals vertical measurements 

were made with a scale to the ground. Profiles were made befo,re rutting, 

nftor rutting in the dry sta.te, und ugc.in nfter rutting in the so..turo.ted 

stnto. The do.ta for the rutting t est is given i n To.ble V. 

Discusaion of -Test Results 

At the time of conducting tests , tho turf growth hnd not developed . 

suffioi ently to contribute mo.terinlly to tho sto.bili t y of t he soil bose 

nv;,,teria.l. However, t he tests do show th'<ai relntivo stabi lity of eo.oh gro.dS 

plot in r e lo.tion t o its s oil content. 

The r esult s will be discussed in l ight of the t wo major features of 

the study: (1 ) the effect of adding certnin top soils to inoohor ent or 

granulo.r base materials to produce sto.bility o.nd ~ growtho.-id (2) a com

po.rat ive s tudy of gro.nular mnterio.ls for shoulder work. 



TABLE V - RESISTANCE OF TUID' TO RU'fTING 

Load 5,000 l bs . per wheel (10 1000 lbs . on r ear axle - 2 wheels) 

Rut Dept h % Moi sture Rut Depth % Moisture 
plot No . in. {dry} Ilk " (dr ;y:} il!._J wet ) Ilk" {wet } -

l 5.5 20 1.9 37 8 ,7 1! 
2 2 ~6 27 2 .8 25 
5 1. 5 54 . :-S , l 25 
4 1.9 57 4 .0 1 7 
5 1.4 so .., ,.. 

-.) . ,:: 22 
6 1.1 64 5 , 03 2 . 2 3~ 20 . 6 
7 2 , 4 29 5 . 5 21 
8 2 , 7 26 3. 4 21 
9 1.6 44 ,.., r-

,<'.. , 0 28 
10 1 . 6 44 3 .2 22 
11 0 . 4 175 2 .4 29 
12 0 . 8 87 5 . 0 14 l B. l 

15 5 . 3 13 2 _. 4 29 7 .e. 
14 5. 4 21 2; 8 25 
15 2 . 0 35 2 ;7 26 
16 5.4 21 3 . 6 19+ 
17 B. 9 18 4 .2 17 
18 • 2 .o 55 5 . 53 2 . 3 . 50 11.1 
19 5 • .5 20 2 . 9 24 
20 2 .2 32 2 .• 9 24 
21 1.9 '37 2 . 5 28 
22 0.5 140 5 . 3 21 
25 O. G 117 l. 2 58 
24 0 , 3 233 4.2 17- 17.7 

25 2 . 8 25 2 . 8 25 5 , 8 
26 2 . 0 55 2 ,8 25 
27 1.4 so ,., ') 

,:. • "- 32 
28 2. 5 50 2 .4 29 
29 1.4 50 2 .0 cs '-
50 0 ,:3 253 ;2 . 6 7 :?.. .o 35 8,1 
31 1.2 58 2 .0 55 
:32 1.8 59 2 . ~ 24 
5:3 0 , 3 2 53 3 , 0 2 5 
54 0 . 5 255 2 .2 32 
35 0 . 4 175 2 .0 35 
36 0 .4 175 2 . 8 26 19. l 

37 0.5 140 3.6 19+ 7 .2 
:39 0 , 1 ?00 3. 4 21-
59 o.o 00 2 .8 25 
40 1.0 70 .('. . 9 24 
41 0.4 175 2 ,9 24 
42 0 . 7 100 4 . 1-1 ~.o 2 5 
43 0 . 4 l ?li 2 . 9 24 
44 1.1 64 ;") . :2 22 
45 0 . 2 350 2 .1 53 
46 0 . 3 ") 7. 'Z 

fu 1) a..t 2 . 0 55 
47 0 . 4 175 2 .2 "F,.. f ~, 

.J ,C. 

48 0 . 2 550 5 . 8 18+ 17 ,7 
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Figuro 7 oonto.ins o. grophio sumnuiry of tho loo.d test do.tu showing tho 

1!11,lbgrn.do modulus 11k11 fa.otor for co.oh plot a.ron including both typos of tests 

~d f or d epth of pcnotra.tion for ca. ch tost condition. As n moa.ns of ovnluo.

tillg tho four different bnsc J11D.tcria.ls on bo.sis of stc bility, tho o.vera.go 

nk" fyotor wo.s dotormined for cnch soi_l bo.so group by C\.Vornging tho 11k 11 

vnluos of the respeotivo plots for o.11 throe sots of toats. Tho o.-v-orngo of 

t _hoso £\Vorugo 11k 11 vnlucs wus usod ns a. bo.sis for s olocting tho b est bo.so 

rnt:1.torinl. Tho a.vera.gc 11k 11 fnotor for tho f our bnso grv.nuln r matorfo.ls vro.s 

found to bo o.a follows: · Incohcront scmd 44, grndod s::-.nd 50, pit-run gro.vol 

79 ond 22-A gro.vol 100. Tho plots ho;ving o. 11 k11 fnctor a.bovc uvorngo o.ro 

now clnuified i n Ta.blo VI in ordor of their porformnricc, 

Tho do.ta. in Tnblo VI indica.to that tho ovorlo.y from grew-cl pits in 

Boll ofonto.inc simdy loa.m produoos very sta.bl0 sho~ldors when mixed with in

cohoro.nt snnd, graded snnd und pit-run grovel IM.torinls. The highest st~b

ility in tho inoohcront so.nd group Wt\S found in plot 11, in which 75% 

Bolloi'ontaino sundy loC\m wus mixed; tho highost a.nd no:xt ~o highest on 

grudod SC\nd on plots 22 [',nr1. 23 with 5CY/o n.nd .75% Bollcfonto.ine so.ndy loo.m 

rospootively; a.nd tho second and third highost on rit-run gra.vol on plots 

34 und 35 with 5a/o Qnd 75% Bollefonta.ino snndy loo.m rcspoctivoly. 

High stnbi li ty n c.s produced, likowiso, on incohoront so.~'ld with tho 

mixturo of 25% clc.y a.nd 1;;% poo.t in plot 9 o.nd with 20% nnd 30'/o Brookston 

loam. surfuoo soil in plots 5 a.nd 6; likowise vd th 20/o cmd 30% Mio.mi loum 

surfo.co soil in plots 14 o.nd 15 on grr.dod s cmd b n~ J·; with 25% clny plus 15% 

pent in plot 33 a.nd with JO% Brookston loa.m surfo \ ;J doil in plot '30, both 

on pit-run grnvol. 
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Table VI 

SUMMARY OF TURF PLOTS THTH HIGHEST ST.ABILITY 

"" Incoherent Sand Graded Sand Pit Run Gravel 22-A Gra:vel i::; -
•rl 

' ! +' 
Turf' (l) 

; 
d Plot Added Soil Plot P;ct lAdd~d ~ Plot Added Soil Turf' Added Soil Turf Turf 

No. Covero.gc No. Cove rag~ Ho. Covern.gc do. Soil Co~ero.ge 
, I 

! 15% 75 50~{ . 50 30% I 80 115% 65 . 
1 11 I Bel lefontuine 100 22 Bellefontaine 70 30 Brookston 50 ~iiruni 100 

-· , 

Clay 25% 45 75~{ 
. 

75 50% I 55 25% 70 
2 9 Pec.t 15% 100 23 , Bellefonte.inc 90 34 Bel 1 efontaine I 75 Hin.mi 100 

•. I 

I 
! 

)O'j~ 65 JO% I 65 75% i 75 15% 85 
3 6 Brookston 100 15 Iliilllli 100 35 B ollef'ontuine 90 Brooks- 95 

', . ton 
. . I . I 

. ' . . 10"/o 
2($ 40 20}s 

I 
50 25% Cluy Clay 60 

4 5 Brookston as 14 I mo.mi 100 33 15Jo Peat 5% 90 . I ' : Peat i 

(1) ~finimum coverage £or sntisfnctory servico considered 60 to 65 percent. 
Top figuro percent coverage for 1945, bottom figure 1946. 

I 
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Good sto.bili t y WllS given by the !:'..ddi t ion of 15% o.nd 25% Miruni loa.m, 

· 15% Brookston loam, CLnd. the mixt uro of 10;~ clny a.nd 51~ pen.t on 22-A grnvel. 

An interost i nr; sto.bility relo.tionship among the four grnnulo.r bnse 

mntorials is shown in Figuro 8. Tho duto. in Figure 8 i ndicate thnt shoul~ 

der~ in which 22 -A gravel is us ed 'Wi 11 be more stable than those with inco

horont so.nd, gro.ded so.nd, or pit-r,m gro.veJ. ~ teria.ls. 
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CONCLUSIONS 
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Chewing '~ fesoue which is tolero.nt of droughty soil conditions proved 

to be o.n excellent gr ass t o plo.nt on sc.ndy o.nd gro.velly shouldt?r mo.tarinls 

wnen sui t v.ble stc. bi lizi ng soil wo.s o.ddod. 

M.i.o.mi loo.m, Brookston lot>-m, mi,c:turos of cfay a nd poo.t , nnd Bellofon

to.ine so.ndy loo.m ho.ve o.11 b e on found t o be so.tiafo.ctory for mixing with 

so.ndy und gravelly bns0 muterir.ls for "the production oi' turf. Tho Mietmi 

loam surfo.00 soil o.nd tho Bollefonto.ino ao.ndy lorun overlny from tho gravel 

pit in this co.so ho.d tho C1.dd0d o.dv::i.nto.go that th0y contc. ined o. lc.rgo c,mount 

of qunckgro.ss r oots c.nd rhizomes. Tho ostt.blishrnent of the qunckgro.ss in 

theise plo.ts, espooinlly whore mia.mi loa.m was a.ddo:i, c\idod in tho dovolopment 

of a. uniform, thick turf. · 

Subsoil clo.y to furnish binder, end pGo.t to furnish orgo.nic mntter 

mixed witb. tho coo.rsc s a.ndy r.nd grnvelly bu ee m..1.tor .io.ls vfill produce turf 

successfully except on wnahod grndod aa.nd-. However ~escuc should bo plant

ed nlono to elimi no.t o oompeti tion from nurs o-grnss_os und lnrgcr npplicet

tions of fertilizer mo.de t o ma.ko U [) for tho lo. ck of orgo.nisms nnd plant food 

in the raw subsoil mo.toricls. 

Brookston l oam surfuoc soil wn s found to be sa.t is factory lllD..torio. l to 

mix with the vurious gro.nulo.r rnntorio.ls for tho growth of grcss. Howevor 

tho sood mixtures s h ou l d bo ndjustod so thnt t he so- callo r1 nurso-gro.ss (in 

this case domestic ryc-gro.ss) doos not grow s o vigorously that it refo.rds 

the ostnblishmant of the p ermu.nont grr,ss (Cho1•ring 1 s fescue) . 
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Genorn lly, Chcwing's foscuo should bo pla.ntod a. lone on highway shoul -

' dors oonto.inine; coarse Bandy mid gravelly m..'1.toriuls . ·t o.en domestic rye-

grass or other sooal lod nurse grussos o.ro soo~od in the mixtures they germ

inc.t o quickly a.nd produc e a r npid eo.rly gro.wth. 

This tends to r atnrd tho osta.blishmont o f the Chowing 1 s fescuo to tho 

detrimont of tho turf in tho .second yoo.r when tho ryo-~rues disC\ppeo.rs. 

This wa.s especic.lly true on tho plots 1vhoro tho lurgcr porcan.to..ges of fines 

were o.ddod Md on tho grudod sru:id und pit-run r;ro.vcl where olo.y-p~nt mix

tures were uddod. However, whon smD-llor porconto.gos of fines wore ndded, 

tho rye-gro.ss blondod Woll wu: h tho foscue t o produce n good covor in tho 

first :,,oo.r wi. thout hnving a. dctrill1Qntul affect on the turf in the second 

yoa.r . This gross should likawise b e sown alone on 22-A gro.vol mo.toria.1 

whore 20;, n nd 30f; Brooks t on l oo.m hus boen ndde d. A mixturo of t hre e parts 

Chowing's foscue nnd ono ~~rt domestic rye-gro.s~ could be used offoetivoly 

on o.11 other soil mixturos nddod to tho 22-A gr::i.vol mo.toriul . 

Kentucky blu e grnss did not survive in tho t urf' undor tho conditions 

of this expo rimont. 

Thorc wus good corrolo.tion b otwoon t :.10 honring pln.to tosts o.nd tho 

rutting studios. In gonora l the plnto tests wore loss severe thnn the rut

ting t ests. 

'l'ho 22--A grc-,vol rnc.toriul in n.ddition to producing sc.~isfoctory turf 

with nll a dded soils ~ was f ound to exhibit grec.tor st~llility tb::-.n the other 

grunulnr mnt eric1.ls. 
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B0llofonto.inc s nndy lonm, ·50% nnd 75'.r, mixt,lrcs produood hith stD-bility 

incohoront so.lid,· grn dod ::ic.nd, c,nd pit-:-run gro.vol. Likov,iso tho turf 

v,inl!i consi dcr od so.tisfc.ctory on thcs e plots. 

Good stcbiiity wns produced on incohor ont snnd vn th 20% o.nd 30% 

Brookston l.oum; on gro.d.ed snnd with 20/4 [l.nd 30% Minmi lonm; on pit-run 

gravol with 301/~ Brookston o.nd wi th c, mixturo of 25% ak.y and 15% poa.t; o.nd 

on 22-A gra.vol with 151,: nnd 2~% Mio.mi loo.m, wi.th 15)i Brookston lonm, o.nd 

with a. mixturci of lWo clo.y o.nd 5% poo.t. 

,., 
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Discussion of Report by T-fson and Finney 

(Questions were addressed to the co-author, Mr. Finney) 

,t compaction by cultipacker insufficient to provide a stabilized shoulder 
teriaJ,? Has & heavy r oller used at any time? 

No roller was u sed. A cultipacker was used, which was pulled by a 
four-vrheel Case tractor . This was done to give compaction comparable 
to nonnal compaction on highway shoulders under present practices. 

~e density determinations made? . There should be a uniform method of determin
densities. What is the simplest method of obtainin g densities? 

No density t~sts have been made, but are planned on this or subsequent 
work. The methods of determining density as specified by the .ASTM and 
AASHO are accepted by soils engineers generally. Determinations are 
made in increments rather than full depths. 

Is there need for both plate and rutting tests? (The plate test seems t o have 
been less severe .) 

It may be that both are not necessary. Perhaps the rutting test by 
use of the truck is more indicative of shoulder value. However, the 
plate test will tie in better on a comparative basis with other data 
accepted by engi neers. It is also of value to correlate with rutting 
tests. 

Change in seed f ormulas night be valuable as t he percentage of rye grass used 
was evidently too high. 

tentative plan is to try other seed mixtures. 

' Were mulches used? Use qf mulches might improve quality o,f turf and ex tend 
seeding season. 

No mulches were used, but might be included i n future tes ts. 




