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PROGRESS REP OllT ON STUDY OF TURF GROYiTH ON SOIL MIXTURES 
AVAILABLE FOR HIGHWAY SHOULDER CONSTRUCTION IN l!JICHIGAN 

Tyson 
Finney 

In 1944 a study of the growth of grass on various soil mixtures avail-

able for the oonstruction of highway shoulders in Michigan was undertaken 

as a joint research project between the Soil Science Department of Michigan 

State College and the Research Laboratory of the Michigan State Highway 

Department. 

The main objective of the study was to determine the effect of mixing 

various amounts ::_nd kinds of soils into the top six inches of the commonly 

' used sand and gravel subbase (base course) or shoulder materials on the 

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

The soils selected for mixing with the sand and gravelly subbase or shoulder 

materials were those commonly available for this. purpose in southern 

Michigan. 

The investigation consists of two parts, The first part pertains to 

the establishment of an experimental test area in which turf growth and 

stability of di ff'erent soil mixtures could be studied under controlled con-

ditions. The second phase involves a comprehensive field study and evalua-

tian of turf growth and stability of existing highway shoulders throughout 

Michigan. This paper is essentially a progress report summarizing the 

results obtained so far in connection wl th the experimental test area. 
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The work indio at es that Chewing 1 s fescue is an excellent grass to 

plant on sandy and gravelly stabilized shoulder materials, Topsoils con-

sisting of Miami loam, Brookston loam and Bellefontaine sandy loe.m can ·be 

satisfactorily mixed with sands and gravels to produce turf, In certain 

cases mixtures of clay and peat are successful, Chewing's fescue should be 

planted alone or with a small amount of the so-called nurse-grasses, An 

excess of nurse-grasses which germinate quickly is detrimental to the estab-

lishment of the Chewing 1 s fescue esp<Jcially in the second year when the 

nurse-grasses disappear, 

Rutting tests indicate that all of the soil mixtures under study do 

not possess satisfactory stability characteristics when wet, All factors 

considered, the data indicate that 22-A processed gravel is the best of the 

soil mixtures in relation to stability and turf growth, 

The report includes a description 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 tes·t results. 

DESCRIPTION 0!' EXPERTI~ENTAL TEST AREA - ~-

The surface soil was removed from an area forty feet wide and ninety-

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

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

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

eighteen inches deep and ten feet wide in a north-south direction, 
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Additive soil materials wore spread in strips eight foot wide, cross-

ing the four granular materials in an east-west direction. These additive 

soil materials consisted of liliami loam surface soil, Brookston loam surface 

soil, mixtures of subsoil. clay and pent and Bellefontaine sandy loilm overlay 

on gravel pit including surface material and B horizon down to gravel. 

Figure l presents a layout of the test area showing the position of the gran-

ula r bc.so materials and tho kind and porcont::cgos of additive soil materials 

used. Figure 2 shows " vievr of test arec. while undor construction, Those 

soil mC\torio.ls were incorporC\tod into the top six inches of tho gro.nuhr 

base materials by mixing over o.nd over with shovels until o.s homogeneous o. 

mixture as possible wo.s obtr.tinod. The soil in the tost o.roc, wo.s compacted 

by rolling repoo.todly with n cultipnckor drawn by n 4 wheel Cnso tractor 

until no further consolidation was nppnront, An attempt was ma!'lo to simu-

late ns noarly as possible shoulder construction conditions on rogukr 

highway projects. 

Fertilizer of n 10-6-4 grade was broadcast ovor the area L\t the rute 

of 500 pounds por nero. A'gruss seed mixture composed of oquul parts of 

Kentucky blue grass, Chewing's foscuo, nnd domestic ryogruss was sown ut 

tho rate of forty pounds por c,cro. The fortili zor application was repeated 

nbout April 1st of each yor,l·· Tho grnss was o.llowed to grow without mowing 

in the fall of 1944 and since thut time it has been mowed four to six times 

each yonr vrlt;h tho o:rdinc.ry sicklG-bo.r typo movver. 

The experimental test nron wo.s constructed, fertilized and sown in 

August 1944. 
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Figure 1 



Figure 2. General view of test area showing method of 
miYJUlg L~ top soil. 
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Description .9£ ~ Mo.teric.ls 

The soil materials oenside~ed in the investigation are described in the 

following manner, 

Miami Series: Miami is a well-drained clay soil ranging in texture 

from a loam to a silt loam occurring on undulating to rolling moraines and 

till plains, The soil is slightly plastic 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 Classification, 

Brookston Series: Brookston soil is characterized as a poorly drained 

clay and ranges in texture from o. loam to a clay loam, Under normal condi-

tions, the soil is soft to plastic but will become tough to hard when dry. 

This 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 a loam. The 11B11 horizon is a reddish brown color 

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

sufficient to render the mass stic)cy when moist; moderately hard when dry. 

The soil falls in A-1 group of Public Roads Administration Soil Classifica-

tion. 

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

loam to a loam. The Fox soil is similar to Bellefontaine but is distin-

guished from i"t; by more nearly level surface features, by a greater uniform-

i ty of the 11B" horizon, and .a uniform s1.>bstratum of stratified gray sand and 

gravel which contains a high percentage of calcareous material, The soil 

falls in group A-3 of Ptlblic Roads Administration Soil Classification .. 
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Incoherent Sand: Obtained from the Coloma soil serierJ which ranges in 

texture from a sand to a loamy sand. It is loose, relatively low in water 

hol<l.i.ng capacity and sub.i ect to v:ind erosion. Falls in Group A-5 of Public 

Hoads Admi.nistr,~tion Soil Classification, 

Qr~ Sand: A residue washed sand from a locf,l. gravel pit, well 

graded from coarse to fine. 

Pi.t-RW}. Gr'}ve~: C Horizon of Bellefontaine Series. 

Processed Gravel g£:)1: Road surfacing aggregates iiithout clay binder 

soil.. Coneists of crushed gravol, and conforms to the grading and physical 

requirements for Michi.ge.n State Highway Department's specification for 22-A • 

.Q.l.ay: 1'his soil was obta.i.ned from Miami. Series, C Horizon. 

Peat_: ~v-oody peat from local de :posit. 

The physical characteristics of the different soil materials have been 

summarized in Table J.. 

Although then) are no adequate standard methods of mearmring the 

quality of turfs for highway fJhoulders snell a.s are used in agriculturB.l 

research for measuring the productive capucities of pasture and meadow turfs, 

an attempt has been made dur.ing the past three grm1ing seasons to evaluate 

the quality of the turf by estimating the percentage of grass coverage or, 

in other words, the density of the turf. A turf for highvray shoulders is 

considered to be satisfactory if it if; dJ.stributed fairly evenly over the 

ground and covers 65 to 70 percent of the surface area. Turf which covers 

90 to 100 percemt of the area may present a more pleasing appearance, but it 

is not necessarily more suitable for shoulders. The effect of the various 

soil mixtures on the grov1th of the grass are shown in Table II. 
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UBLE I 
SU1Dl.ARY OF SOIL MA.TERIAL ANALYSIS 

I:fO~TefOiitli.Iiw_____________________ ---"Gravel Pit Run Gn.vei 
Surfa.oe Soil Clay lliami Surface Soil Brooklrton Surface Soil 22-A Fo:z.-Bellef. 

Incoherent Dune Sand Graded Send A-B Horizon Jti.ami - C Horizea A-B Horl.son A-B Horizon M.S.H.Do C Herizon 
Spec. 

Cumula.tive Retained Cumulative Retained Cumulative Retained Cumulative Retained Cumulative Retained Cumulative Retained Retained Reta.inod 

SIEVE ANALYSIS. PER CENT 

u~s~ B'I.U'EI&.u of Soils 
Classification 

Gr.vel 

Fine Gravel 

Coarse Sand 

Medium Sand 

Fine Sand 

Very Fi.ne Sand 

Silt 

Clay 

Colloids 

Crushed Materiale 

Son. CODST.Alft'S 

2 inch 
1-1/2 inch 
1 inch 
3/4 inch 
3/8 inch 
No. 4 
No. 10 100 

!Jo. 18 99 

No. 20 98 
Hoo 35 92 

No. 40 90 
No. 6o 55 

Ho. 140 7 

No. 200 4 
Ho. 270 1 

Liquid Limit 18 

1 

7 

37 

48 

6 

1 

Pl.&etio Index lton-Pls..atio 

Specific Gravity 2o64 

Loss on Ignition, per oent 4.60 

Org&tl.ic Content, per oeat Oo76 

Field Moietun lqui"Valnt, per cent; 18 

Shrii!km.ge Limit • per cent 

Shrl.Dkage Ratio 

100 100 

91 9 98 2 

88 97 
66 25 94 4 

60 93 
28 38 65 9 

8 20 62 23 

5 55 
4 4 49 13 

4 14 35 

14 

18 24 

l!lon-Plastio 7 

2.63 2.57 

>·92 4.6$ 

1.$4 4.23 

lB 21 

1$.7 

lo79 

100 

100 98 2 

99 97 
99 1 90 8 

99 90 
98 1 75 15 

95 3 51 24 

94 46 
69 6 40 11 

38 51 10 30 

38 10 

34 24 

13 4 

2.68 2.,$2 

16.52 . 4..,$0 

6 .. 26 3·37 

28 22 

9ol 1$'.6 

1.86 1.65 

100 

97 

96 
94 

93 
86 

72 

67 
61 

21 

40 

10 

2.41 

11.16 

9.18 

32 

22.$' 

lo«T 

3 

3 

8 

14 

11 

40 

2l 

100 
99 
84 
70 
54 

26 

6.5 

29.2 

100 
96 
87 
82 
74 
68 
60 

25 

2.2 

o.o 



TABLE II - PERCENTAGE OF DIFFERENT GRASSES IN TURF 
Ff:iR 1945 , 1946 AND 194 7 
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···--~~:~H~~~~; ---·--~--~~:ED .. ·····--~-- -~IT Rlni··-· ·--~- --·-·~;-A--·-

I SAND SAND I GRAVEL I PROCESSED GRAVEL 

. -!-·-·· ·-·-····------······-···-··--·--··---1--~- -···· ·-···-···-··--
1 145 '46 147 113 1 45 1 4'6 1 47 I 25'45 1 46 1 47 137 1 45 1 46 1 47 · 

F 5o 6o 25 F 50 50 25 1 F So 70 40 ' F So 8o 70 
Q 5o 30 75 Q so 5o 75 Q 20 25 6o 1 Q 20 2o 3o 

··-· -·-····-· ·-··-··--· -·······-········-------·····- ... ···-· ·--·----·-··-···+·····--··---·--··· ... 
2 14 i 26 ,. 38 

!;;! I F so 65 45 F 60 65 35 I F 60 60 45 I F 60 75 45 
~ Q so 35 55 Q 40 30 65 Q 4o 35 s.s 1 Q 2o 25 55 

--·--··--------····-··----··· ··-···-·-····--· ... ---------f-1L2.Q_. ____ ······-
3 . 15 27 ; 39 
F 65 75 50 I F 70 65 35 F 60 60 35 i F 60 50 35 
Q 35 25 so I Q 30 35 65 Q 25 35 65 i Q 20 45 65 ----------·----+-··-.................... · J'L .. l-5 ••. _____ ... - ..... ..J.JL.-2.0 .. --·· ·----·-
4 I 16 28 I 40 
F 95 98 100 I Y.' 95 98 100 F 70 . 98 90 : F so 95 95 
R 5 l R 5 I Q 0 0 10 I R so 

F 70 98 100 F 60 98 100 F 40 100 90 F 20 95 95 

1----- ~ ~o ________ :9 40·~·-·-· f1_6~---~ !-+~3 8~~---------
i F 80 98 100 F' 95 100 100 l~ 65 100 100 ' F 60 100 100 

R 20 R 5 R 35 ' R 40 

------. ·······-··--·-· --·--·--··. -·--·-· ------L--------1 
[-< 8 20 32 '! 4 '4 ~ F 70 100 95 F 95 100 100 F 60 100 100 F 50 100 98 
~ R 30 R 5 R 40 i R 50 
0 9------ r 2l·--· -- 33 ----- .. -r4s·--···-·-

F 70 100 98 I F 100 100 100 F 55 100 98 ,, F so 98 100 
R 30 R 45 R 50 
-- ··--- J. __ ---- ----·-- ---- ·---·-·--··-1------l 

10 I 22 34 46 
F 50 98 85 F 60 ~0 95 F 50 75 90 F 70 75 95 i 
Q . 0 0 10 R 40 R so I R 30 

E..-.5".0.. ·- ·-----------·-- ... ·--·-·-·---·--· ·f-::----··---
1~ so 75 85 p so 30 so j? 50 40 so II *7 

so 80 95 
Q 10 15 15 Q 10 50 45 1 Q 10 40 40 , Q 10 10 5 
R 4;0. ______ .. R __ !IQ.. _________ ~JL .A.Q ____ J_.R.._ 40 __ . -----

1~ 20 75 60 ~4 20 45 so I' ~6 20 35 50 I *8 
20 so so I 

Q 20 15 35 Q 20 45 45 Q 20 so 45 i Q 20 35 50 
I R QQ J,L...QQ, ---~-_R....§.Q_ _______ .. J..JI.---.--29~~--~ 

' 

I 
' 

f--

1 

F ~Chewing's foscuo Q " Qwwkgro.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 fescue even in the first year on these soil mix-

Domestic ryegrass germinated quickly and ~;rew rapidly in the fall of 

1944 and 1945. The growth of the ryegrass was proportional to the amount 

of fine material in the mixtures, an excellent cover being produced on the 

plots which contained the highest percentages of fines. The largest 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, and 48 was almost as large 

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

with the 22-A gravel material and plots 12, 24, 36, and 48 had 6 inches of 

Bellefontaine sandy loam placed over incoherent sand, graded sand, pit-run 

gravel, and 22-A gravel respectively. 

Chewing's fescue was the only grass that survived to any extent in 

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

Broolcston loam surface soil and mixtures of clay and peat are added to the 

graded sand base material. It was the dominant grass on all plots on dune 

sand, pit-run gravel, and 22-A gravel base in 1945 with the following excep-

tions: (1) Ryegrass predominated on all plots on which 6 inches of 

Bellefontaine sandy loam was placed over the base material; (2) Rye grass 

predominated on the 22-A gravel base material to which 20 and 30 percent 

Brookston loam surface soil was added and on the pit-run gravel material in 

which 30 percent Brookston loam surface soil was added. 
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The turf on the plots tn. wl)~sh ?5 and 100 percent Bellefontaine sandy 

loam ond those !n ;\tlich Miami loam surface soil was added contained from 10 

to 50 percent of quackgrass, Roots and rhizomes of quackgrass were intro-

duced into these plots with the Miami rmd Bellefontaine surface soils, 

Some weed seeds, plantain, sorrel, dock, dandelions, and thistles were like-

wise introduced with the surface soils. These weeds have reproduced and 

grown vigorously in the turf, especially on the plots in which Bellefontaine 

sandy loam was added to the granul::u· base lilllterinls, 

During the grmrinc season of 1945 and the following winter, all of the 

domestic ryegrass disappeared from the turf. The net result was that the 

turf, on plots on which the luxuriant growth of the domestic ryegrass re-

tarded the growth of Chewing 1 s fescue, became very thin with incomplete 

coverage of the surface in 1946, This was especic\lly true of the plots with 

22-A graded gravel, pit-run gravel, and graded sand materials in which 20 

and 30 percent of Brookston loam surface soil were mixed, 

The turf on almost all of the plots except those with the incoherent 

sond base material deteriorated during the 1946 growing season because of 

the extremely low rainfall, The total rn infall from June 20 to September 1 

was approximately , 05 inch. Chewing 1 s fescue and quackgrass, two grasses 

that are extremely drought tolerant, i.e., they become dormant during 

drought periods and recover quickly when moisture is again available recov-

ered remarkably during the fall of 1946 and the growing season of 1947. 

The moisture conditions in 1947 were extremely favorable for the growth of 

grasses. 
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The quackgrass introduced with the Miami loam and Bellefontaine sandy 

loam soils grew vigorously in 1947, a season of relatively high rainfall, 

especially in the spring. The quackgrass grew so vigorously on tho plots in 

which Mio.mi loam surface soil was added tln t the turf contained at least SO 

percent quackgrass except that on the plot consisting of l.O percent Miami 

loam mixed with 22-A gravel. On the plots in vrhich Bellefontaine was added 

to the granular base materials the proportion of quackgrass in the turf was 

influenced by the soil mixtures. There was only a very small amount of 

quackgruss in one of the plots contoi ni.ng SO per cent Bellefontaine sandy 

loam, S to 4S percent quackgrass in the plots containing 7S percent 

Bellefontaine sandy loam, and 35 to So percent in the plots containing 100 

percent Bellefontaine sandy loam. 

PERCENT TURF COVERAGE 

The quality of turf for shoulder purposes is reflected in the density 

of covorage of the soil surface rather than in the total grovrth of the grass• 

The estimated densities of the turf covemge on the plots for the years 194S, 

1946, and 1947 are shown in Table III. These data indicate the effect <If 

the soil, of the seasonal climatic conditions, <md of the grass varieties 

used in the seed mixtures and introduceq as vegetative material with the 

surface soil on the turf. 
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TABLE III -PERCENT COVERAGE 0}' TURF 1945-1946-1947 

INCOHERENT 
SAND 
~ 

60 

GRADED -- PIT RUN --~--:~A---, 
SAND GRAVEL !PROCESSED GRAVEL 

1 47 1 4t:: .. 146 147 ~ 146 1 41__J_~:t5 146 141.. 

13 125 j37 

95 20 5o 95 1 40 65 95 ! 6o 95 60 

f-2------ ----t-;:;---- ¥ 126 --·--- 138 
§ I~ , 
~ ~--~o-~:_~~--~-~-!f5 7~ 1oo ! 65 70 100 

3 115 127 139 

65 10 wo 'L65 65 1oo : 65 10 95 l1o 10 100 
---- - ---, -·---------------~--------------

4 I 16 t 28 ' 40 

40 65 8~ 30 35 55 6o 3~--6_o_l-17_o __ 7o __ 9_5-l·· 

117 29 41 

75 95140 60 65 175 40 -65 t85 75 95 ------l18 r -- 42 ----------

65 _?!_!!.i::.- 40 ~t- 25 50 .195 75 95 
1 19 31 43 

40 70 85-- },: __ _:~-~J 55 40 60 160 60 . 90 __ 

8 20 32 i 44 

f:l --
E-> 5 
U) 

l:'5 55 0 

"' --"' 6 

45 -~- 95 30 20 35 50 -~_2~~7_0 __ 9_0-l 

9 21 33 i 45 

55 75 95 25 JO 55 55 70 60 60 95 
-

0 

~ 
50 

H 

~ 1 
f:l 
~ 75 
"'" d 
"'" 12 
"' 

I 22 34 46 

f------7_o ___ 1o_o_!j~<J_o ____ 4o ____ 7_o ___ 
1
;_y_5 ____ 4_o ___ 7_5 __ ~1'_7_o ___ 6_o ____ 9_5_

1 

!23 35 ~ 

' 85 100 75 40 90 75 50 90 l75 
--------1--------+-------+-----l 

36 48 

60 95 

24 

90 90 100 90 ---- -------- -- 75 100 80 100 : 90 75 100 90 _. _ __.__._ ________ _ 
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From the data given in Table III, it is noted that satisfactory high-

way shoulder turf was p.roduced in 194.5 on all of the plots containing 22•A 

gravel material, and on all plots in which 30 percent Miami loam, 30 percent 

Brookston learn, or 7.5 and 100 percent Bellefontaine sandy loam were used 

as additive materials with the incoherent scmd, graded sand, or pit-run 

gravel base materials, Likewise the turf was satisfactory on the two plots 

in which 10 and 20 percent Brookston loam vms mixed with the pit-run gravel 

base material. 

The turf on the 22-A gravel and the incoherent sand base materials 

was satisfactory for highwny shoulder purposes in 1946, with grass coverages 

ranging from 60 to 90% of the surfnce. Likewise the ·turf, on all plots in 

which 20 or 30% Miami loam surface soil was the additive material, was with-

in the satisfactory range, with 60 to 90 percent grass coverage. The same 

wns true of all plots i::1 which the granular base materials wore covered with 

a layer of 6 inches of Bellefontaine se~ndy loam, 

The turf on the plots in which graded sand or pit-run gravel were the 

base materials was not as good, in general, as that produced on the 22-A 

graded gre~vel and on the incoherent sand base me~terials. Likewise the turf 

produced on plots in vALi.ch clay-peat mixtures were used as the additive 

soils were not as satisfactory, generally, as that on the plots in which 

the loam and se,ndy loam surface soils were used. However, the turf on the 

plots consisting of pit-run gravel and graded sand base rrnterials, in which 

Brookston loe~m was adde·.l, was very poor in 1946. This was because of the 

domination of the ryegrnss in the early stages of este~blishment on these 

soil mixtures end of its subsequent disappearance from the turf. 

-·14-
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Tho growth of the grC\ss WC\S much improved gonerC\lly during 1947, C\ 

seC\son o·f relC~tivoly high rC~infC\ll, ospociC~lly during tho spring cmd oC\rly 

summer. Turf WC\S so thin ond scC~tterod ns to be termed unsC\tisfC\ctory on 

only seven plots, 16, 19, 20, 21, 28, 30, ond 31. Tho soil mixtures and 

turf covorngos on thoso plots vrore ns follows: 

(16) 10% Brookston lonm with grndod so.nd, 55% covoro.ge; 

(19) 10% chy plus 5% poo.t with grC\dod sund, 25% covorCcgo; 

(20) 15% cby plus 10% pont, with grc.clod sand, 35% COVOrC\[;Oj 

(21) 25% clC\y plus 15% poGt with grndod sr,ncl, 55~S COVOX'C\go J 

(28) 10% Brookston loC\m with pit-run gro.vol, 60% oovorc.ge; 

(30) 30% Brookston loGm wlth pit-run grC\vol, 50% covorngo; 

(31) 10% clay plus 5% poC\t with pit-run grccvol, 60~,~ c over8.g e; 

So.tisfC~ctory turf wns produced on c.ll plots with incoherent scmd or with 

22-A grndod grC\vol bcso mo.torillls rogo.rdloss of typo of Gdditive soil, 

STABILITY OJ'' GRASS PLOTS ---
One yoGr C\ftor tho gro.ss plots wero constructed c.nd soodod, two typos 

of sto.bility tests were conducted on tho grGss plots to dotcrmino thoir 

ability to support loo.ds undor dry nnd snturc.ted conditions, Tho first 

series of tests consisted of npplying n stntic load through a 100 square 

inch bonring plnte nnd mensuring tho c,mount of penetrntion at different 

load increments. The second series of tests wore mnde to check tho resis-

tnnce of the grnss plots to rutting, This wns nccomplishod by driving a 

honvy truck ncross tho plots o.nd monsuring the depth of tho rut caused by 

tho moving whools. 
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The pbte bor.ring tests wore mGde when the soil wns in " normnl dry 

condition, whereas tho truck tosts wore conducted whon tho soil W<1S both in 

" dry flnd in fl s<1turc.t cd condi ti. on. 

A fi vo ton truck wo.s loo.dGd wi t!1 t~ruvol ond other ba.llust. It was 

bucked into such n position that tho roccr of tho box wns <1bovo tho c.ren to 

b0 test 0d. Tho 100 square inch plato vms placed on tho ground ::md worked 

slightly until it rostod inC\ lovol position. fill C\nglo iron frumo support-

ing a FodcrC\l ono-thous:mdth diccl WC\S moved into pln co so th," t tho dic.l stem 

wccs cct tho cantor of tho plccte. A slottGd cylinder wc.s pkcod over tho dial 

and ccdjust0d unti 1 'tho died fc.cc could be rend through ccn openinc;. Tho 

cylinder wns c<1ppod by n spocinl plnto to which n hydrcmlic jnck vms nttnch-

ad. A calibrated dynamometer ring wns fr,stonod to this r"ssombly, and tho 

upper fitting on this ring; roc..ctod o.gr.inst blocks undor tho truck boxo A 

genoro.l view of tho c.ppc.ratus is shovm in Fig-uro 3 a.nd dotnils m.."l.y bo seen 

in Figure 4. 

After a smC\ll prolimim\ry loC\d hcd boon c.ppliod to soo.t tho phte, 

tho bearing plnto wns loaclod. F'i vo hundred pound increments wore applied 

in fairly rapid sequence. As soon C\S tho dbl shorrod no further settlement 

tho n0xt in01omont of loC\d WC\S applied. 1'his vms repoC\tod until tho limit 

of tho dial tr:wcl WC\s ror.chod. Grnphs wore constructed for ench test, but 

for comparnti vo purposes tho sub grade modulus 11 k 11 for c, 2500 pound loc.d has 

boon tnbuldoed in Table IV for each grC\SS plat. Tho soil moisture condi-

tion was noted nt tho tiCJo of test. Tho boc,ring plntc tosts wore mado only 

undor normnlly dry soil conditions. Only one sorios of penetration tosts 

wo.s conducted. 
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ll'igure 3. Method of conducting bea:ring test. 

Figure 4. A view of plate loading device. 



Plot No. 

1 
2 
5 
4. 
5 
6 
7 
8 
9 

10 
11 
12 

15 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

TABLE IV - RESISTANCE OF TUHE' TO BEARING PL!CTES ( 100 S".. IN.) 

Load - 2500 lbs. 

Penetration Penetra Uon 
(inches) ~'k" % Mo:j,§ture Plot No. (inchesL llkll 

0.540 46 D 25 0.200 125 
0.490 51 D 26 0.152 164 
0.800 31 D 27 0.106 20·6 
0.640 59 ]) 28 0.158 158 
0 .. 33.5 75 ]) 2D 0.185 155 
0.455 57 D 50 0.167 150 
0.520 48 ]) 51 0.205 122 
0.440 57 D 32 0.500 50 
0.250 109 ]) •;?7.: 

<)L) 0.575 45 
o. ~.so 5'' ·- c ~)4, 0.582 45 
0.610 41 c 35 0.390 64 
0.900 ;;s c 36 0.670 57 

0.240 104. D 57 0.08? 287 
0.250 100 D 38 0.110 227 
0.235 106 D 39 0.140 179 
0.440 57 D 40 0.195 150 
0.325 77 D 41 0.16:2 154 
0. 5[i0 71 D 42 0.250 100 
0.375 66 IJ 45 0.160 156 
0.570 44 IJ 44 0.590 42 
0.480 52 ]) 45 0.520 48 
0.350 7l c 46 0.660 69 
0 .•150 68 c 4'7 0.220 114 

Fa:U.ure c 48 0.545 46 

Moisture Code (% lvioie:ture) 

Plot 6 

A 5.83 
B l0.2fi 
c 10.22 
D 10.01 

D k :;: _!_ 
. A z 

Plot 18 Plot 00 Plot 42 

~ ~·,..., 
lJ • ,),:) 2.67 4.11 
8.41 4.6[) 6.26 

11.16 5.23 5.85 
7~5D 4.85 4.59 

P = Load in pounds 
A =: Be.aring area in sCj.uare inches 
z = Penetration in inehes 
k "' Modulus of c:ubgrade stiffness 

in pounds per cubic inch. 
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A 
A 
A 
A 
A 

A=2.67 
A 
B 
B 
B 
B 
B 

A 
A 
A 
A 
A 

A=4.11 
A 
B 
B 
B 
B 
B 



Rutting Tests 

Tyson 
Finney 

The second test for stability of the grass plots was conducted by 

driving a loaded truck over each plot and noting the depth of the wheel rut. 

The load used was 10,000 pounds on n rear =le supported by two 10.00-20 

tires at 70 p.s.i. pressure. The truck was driven in creeper gear just 

rapidly enough to prevent stalling in the poor sections. Figure 5 is a pic-

ture of a section of low stability. Figure 6 shovm et more typical rut. 

Because of difficulties encountered in getting the truck over too plots only 

ene run was attempted. 

The effect of the p"ssage of tlw truck wets measured by using profiles. 

Reference stakes were driven each side of each plot. A straight edge was 

placed across these stakes md o.t six inch intol:"Vo.ls vertico.l measurements 

were made with a scale to the ground, Profiles wero made before rutting, 

after rutting in the dry state, and rcgnin c,fter rutting in the saturated 

state. The dnta for the rutting test is given in Table V. 

Discussion of Test Results 

At the time of conducting tests, the turf growth had not developed 

sufficiently to contribute matorittlly to tho stability of the soil base 

mterial. However, the tests do show the relative stability of each graas 

plot in relation to its soil content. 

The results will be discu.ssod in. light of the two major features of 

the study: (1) the effect of adding certain top soils to incoherent or 

granular base materials to produce stability and p]aut growth on d (2) o; com-

parat ivo study of granular materials for shoulder work. 
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Figure 5. General view shOwing penetration of 
truck wheels into dry p1ot~J containing graded 
sand and 10% Miami top soil. 

Figure 6. Plot No. 16 showing rutting when 
area was wet. Graded and with 10% Brookston. 
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TABLE v - RESISTANCE OF TURF TO RUTTING 

Load 5,000 lbs. per wheel (10,000 lbs. on rear axle - 2 r;heels) 

Rut Depth % Moisture Rut Depth % Moisture 
Plot No. in. (dry) llkll (dry) in ,__jyy_~J. "k" (wet) 

1 5.5 20 1.9 57 8.7 
2 2.6 27 2.8 25 
5 1.5 54 3.1 25 
4 1.9 5'1 4.0 17 
5 1.4 50 5.2 2'' -"-

6 1.1 64 3.85 2.2 \o;~ 20.6 
7 2.4 29 5.5 21 
8 2.7 26 3.4 21 
9 1.6 44 2.5 2f) 

10 1.6 44 3.2 22 
n 0.4 175 2.4 29 
12 0.8 87 b.O 14 18.1 

15 5.3 15 ;~. 4 29 7.8 
14 5 .. 4 21 ~; .8 25 
15 2.0 35 :c:. 7 26 
16 3.4 21 3.6 19+ 
17 3.9 1(3 4.2 17 
18 2c0 'l.: r~ 

"'' 5.55 2.3 30 11.1 
19 5 .. 5 20 ;~. 9 24 
20 2.2 52 2 ..• 9 z,1 
21 1.9 3? 2.5 28 
22 0.5 140 5.5 21 
25 0.6 117 1.2 58 
24 0.3 233 4.2 17- 1'1.7 

25 2.8 25 ;2. 8 25 5.8 
26 2.0 5'' ,, 2.8 25 
27 1.4 50 ~ ,, 

,.:. ,I{, 52 
28 2.3 30 2.4 29 
29 1.4 50 2.0 55 
30 0.3 25;) 2.6? ?.0 55 8.1 
51 l.2 58 ;2. 0 55 
52 1.8 59 2.9 24 
55 0.3 253 3,0 25 
34 0.3 235 ,_) ,.) 

r_ • "- 52 
55 0.4 175 2~0 55 
56 0.4 17EJ 2..8 26 19.1 

57 0.5 1.40 3.6 19+ 7.2 
58 0.1 700 ~~.4 21-
39 0.0 00 2.8 25 
40 l.O 70 ~.9 24 
41 0.4 175 2.9 24 
42 0.7 100 4,11 3.0 25 
45 0.4 17f) 2.9 24 
44 1.1 6!J: 3.2 22 
45 0.2 350 ;~ .l 53 
46 0.3 .--, 'Z 'Z 

~<),) 2.0 55 
47 0.4 1'75 ~ r. 

"''" 32 
48 0.2 5~50 3.8 18+ 17.7 
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Figura 7 contains a graphic summary of tho load test data showing tho 

subgro.de modulus 11 k 11 factor for each plot area including both typos of tests 

o.nd for depth of penetration for each test condition. As a moans of ovalua-

ting tho four different bel so matorio.ls on basis of stability, tho uvoruge 

"k" factor wo.s determined for each soil bo.so group by averaging the 11 k 11 

values of tho respective plots for all throe sots of tests. Tho average of 

these uvoro.go 11k 11 values wo.s used us u basis for selecting tho best base 

mv.toriC\1, Tho o.vera,go 11k 11 fC\ctor for tho four buso grunuL·u mutorio.ls wo.s 

found to bo us follows: Incoherent sc.nd 44, gro.dod srmd 50, pit-run grC\vol 

79 o.nd 22-A gravel 100, Tho plots hC\ving C\ 11 k 11 fo.c·tor above o.vorago o.ro 

now classified in Table VI in ardor of ·their porformnnco, 

Tho dutu in Table VI indicate tho.t tho overlay from gravel pits in 

Bollofontuino snndy loam produces vory stnblo shoulders when mixed with in-

coherent snnd, grndod so.nd nnd pit-run gravel rru::ctorinls, The highest stab-

ili ty i.n tho incoherent sand group wo.s found in plot 11, in which 75% 

Bollofonto.ino so.ndy loam WC\S mixed; tho highest o.nd next to highest on 

gro.dod sand on plots 22 and 23 with 50% o.nd 75% Bollofonto.ino so.ndy loo.m 

respectively; nnd the second o.nd third highest on pit-run gro.vol on plots 

34 and 35 with 50'/o o.nd 75)s Bellofonto.ino so.ndy loam rospoctivGly. 

High stability wc.s producod, likowise, on incoherent sand with tho 

mixture of 25% clo.y nnd 15% poo.t in plot 9 and with 20% o.nd 30% Brookston 

loa.m surfo.oo soil in plots 5 C\lld 6; likewise with 20j~ und 30% Mio.mi loo.m 

surface soil in plo-ts 14 o.nd 15 on gro.dod snnd bnso; with 25% clo.y plus 15% 

peat in plot 33 o.nd with 30% Brookston loo.m surfnco soil in plot 30, both 

on pit-run gro.vel. 
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Table VI 

Silllil!vlARY OF TURF PLOTS YJITH HIGHEST STABILITY 

Tyson 
Finney 

j I 

-~ ; Incoherent Sand j Graded Sand I Pit Rtc."'l Gro.vel. I 22-A Gravel 

+' I . (l)j ,. ' ! f ' I 
Jol Plot Added Soil I Turf' ~ P~ot , Added Soil 1

1 

Turf' Added Soil !Turf' ! P~ot ! Add:'d 1Turi' 

l 

2 

3 

4 

No. I Covero.goj rw. I 
1 

Covero.g ICove,-o.gel ;:w. I So1l ICovero.g;o 

"5"' I ~5 I ,. rod 50 30"' • 80 I llr:~' I f /" f .? t"::J j /0 f · ~ ,.;j:; 65 
100 Bellei'ontaine 1 100 , 22 I Bcllei'onto.inc 1 70 30 Brookston , 50 ! il'Iiumi , I I I : I . ! I ' i i I I l I I i 

I Clo.y 25% I 45 I j75% ; 75 50% .,. 55 I !25% l 70 
9 I Pco. t 15% 100 j 23 ( ellefonto.ine 90 34 Bellefontaine 1 75 I ll!!inmi ~ 100 

. . . I I . 
I 30/~ f 65 i i 30% I 65 I I 75% I 75 I I 15% I 85 

6 I'""",.':__ I >:~;om f WD I JS I BoHdooWillol 90 I 1::»1 9S .. 

40 . l.z.?% . 1 50 j 2?~ Clo.y i f I Clay 1 6o 
85 I 14 I J\JUO.ffil r 100 33 ! 1:;>7o Poo.t ! I I 5% I 

! I ' j J __ jPoat l 

ll 

r-----r 
20% 

90 5 Brookston 

(l) :Minimum coverage i'or satisfuctory service considered 60 to 65 percent. 
Top figure percent covoro.ge for 1945, bottom figure 1946. 
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Good stnbility wo.s given by the nddition of 15% nnd 25% Miami loam, 

15% Brookston loam, and the mixture of 10% clay and 5;t per.t on 22-A gravel. 

An interesting stability relcctionship among the four granulC\r base 

mteriul s is shown in Figure 8. The data in Figure 8 indicate that shoul .. 

ders in which 22-A gravel is used will be more stable than those with inca-

herent sand, graded sand, or pit-run grnvol. materials. 
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CONCLUSIONS 

Tyson 
Finney 

Chewing's fescue which is tolernnt of droughty soil conditions proved 

to be nn excellent grnss to phnt on snndy nnd grnvolly shoulder muterinls 

when suito.ble stnbilizing soil wns ndded. 

Minmi lonm, Brookston lonm, mixtures of clny nnd pent, nnd Bollofon-

tnine snndy lonm have nll boon found to be sntisfc.ctory for mixing with 

snndy nnd grnvolly bnse mnteric,ls for the production of turf. Tho Minmi 

loam surfnce soil nnd tho Bellefontnino snndy lonm overlnJ' from thE? grnvol 

pit in this cnso hnd the nddod ndvnntngo thnt they contn ined n lc,rge nmount 

of qunckgrnss roots nnd rhi zomos. Tho estcblislunent of tho qunckgrc,ss in 

these plnts, ospecinlly whore minmi lonm wns ndde.i, nided in tho development 

of n uniform, thick turf. 

Subsoil clny to furnish binder, o.nd pocct to furnish orgQ.nic mutter 

mixed with tho course snndy nnd grQ.velly bo.so mntori.o.ls will produce turf 

successfully except on wnshod grtvled snad. However foscuo should bo plant-

ed nlono to oliminc,to oompoti tion from nurso-grnsses nnd lnrgcr C\pplicn-

tions of fertilizer made to mnke up for tho lack of organisms and plC\nt fend 

in tho rnw subsoll materials. 

Brookston lonm surfCtco soil wns found to be sntisfnctory mnterinl to 

mix with the vnrious grnnul"r mcrtorials for the growth of grnss. However 

the seed mixtu1•es shouJd be ndjus·tcd. so that the so-co.llec' nurso-grnss (in 

this case domestic rye-grQ.ss) docs not grow so vigorously thnt it retards 

the estnblishmant of tho pormnnont grnss (Chowing; 1 s fescue)• 
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Generally, Chewing 1 s fescue should bo pl::mtod cclono on highway shoul-

d0rs containing coarse sandy nnd gravelly materials. Y,'hen domosti c rye-

grass or other soco.llod nurse grasses nro.seoded in tho mixtures they germ-

ino.t c quickly and produce et retpid early growth, 

This tends to retetrd the establishment of the Chewing 1 s fescue to tho 

detriment of tho turf in tho second your when tho rye-grass disappears, 

This was especially true on tho plots whore tho l[ll'gor percentages of fines 

w.erc t\ddod and on tho graded soJ1d and pit-run grnvol whore clay-pont mix-

tures wore added. Hovrover, when smaller porcontagos of fines wore added, 

the rye-grass blended well with tho fescue to produce n good cover in tho 

first yonr •v.L thout h..·wing a dotrimontul effect on tho turf in tho sec end 

yoo.r. This grass shonl d likG.,vise be sown alone on 22-A gravel material 

whore 20;; and 307; Brookston loam has boen c,ddod. A mixture of throe parts 

Chewing 1 s fescue etnd ono part domestic rye-gretss could be used offocti voly 

on ull other soil mixtures c.ddod to tho 22-A gravel mo.terinl, 

Kentucky blue gretss did not survive in the turf under tho conditions 

of this expo rimcnt. 

Thoro Wets good correll\tion between t '.1,e beetring plato tests nnd the 

rutting studies. In goneretl tho plnto tests were loss severo tho.n tho rut-

ting test3, 

The 22-A grc.vel matorietl in add~tion to producing settisfactory turf 

with etll c.ddod soils, wets found to exhibit groc\tor stetllility thr.n tho other 

granuln:r mut erin ls • 
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Belloi'ontaino sc.ndy loam, 50% and 75% mixtures produced high stability 

with incohor ant so.nd, grndod sr.nd, nnd pit~r11n gro.vol. Likewise tho turf' 

was considered so.tisi'nctory on those plots • 

Good stc.bi.lity wo.s produced on incoherent sand with 2o% o.nd 3o% 

Brookston loam; on grndod sand with 2CJ;s nnd 30% Miami lonm; on pit-run 

gravel with 30% Brookston nnd with o. mixture of' 25% chy and 15% pont; and 

on 22-A' gravel with 15% nnd 25% Miami loam, with 15% Brookston loam, o.nd 

with n mixture of' 10% chy nnd 5% pont. 
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