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PROGRESS REPORT 0N STUDY OF TURF GROVTH ON SOIL MIXTURES

AVAILABLE FOR HIGHWAY SHOULDER COHSTRUCTION IN MICHIGAN

In 1944 a study of the growth of grass on various soil mixtureé 2yall-
able for %he wunstruction of highway shoulders in Michigan was undertaken
as & joint ressarch projeot between the Soil Science Department of Michigan
State College and the Resemrch Laboratory of the Michigan State Highway
Department.

The main objective of the study was to determine the effect of mixing
various amounts ond kinds of soils into the btop six inches of the commonly
used sand and gravel subbase {(base course) or shoulder maferials on thé
growth of grass and upon the stability of the shoulders produced with theme
The scils selected for mixing with the sand and gravelly subbase or shoulder
materials were those cemmonly avallable for this purpose in southern
Michipgana

The investigation comsists of two parts, The firét part pertains to
the establishment of an experimental test ares in which turf? growth and
stability of dlfferent soll mixbures could be shudied under controlled con~
ditions. Tﬁe second phase involves a comprehensive field study and evalua-
tien of turf growth and sﬁability of existing highway shoulders throughout
Michigan. This paper is eSSentiallf a Drogress report summarizing‘the

results obtained so far in cormection with the experimental test area,
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The work indicetes that Chewing's fescue is an excellent grass to
plant on sandy end gravelly stabilized shoulder materiasls, Topsoils con-
sisbing of Miaml loam, Brookston loam and Bellefontaine sandy loem can be
satisfactorily mixsd With sands and gravels to preduce turf, In certain
cages mixbtures 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

execess of nurse-grasses which germinate quickly is detrimental to the estab-
lishment of the Chewing's fescue especially in the second year when the

nurse-gradses disappear.

Rubting tests indicate that all of the soil mixtures under study do
not possess satisfactory stabllity 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 growthe

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 prass plots are

presented together with test resultse

DESCRIPTION OF EXPERIMENTAL TEST AREA

The surface soil was removed from en area forty feet wide and nineby«
six feet long with a bulldozer, Granular materials consisting of; (1) inco=
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 directlon,
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Additive soil materinls were spreand in strips eight feot wide, cross-
ing the four granular moterinls in an east-west direction. These additive
soil motorials consisted of Miomi loam surface scil, Brookston loam surface
. goil, mixtures of subsoil eclay ond peat and Bollefontaine sandy loam overloy
on grovel plt ineluding surfoce material end B horizon down to gravel.
Figure 1 presents o layout of the test area showing the position of thé grohe
ular bese moterinls and the kind and percentages of additive soil materislis
used. PFigure 2 shows o view of test orea while under construction. Thase
soll moterinls were incorporated intoe the top six inches of the granuigr
base moterinls by mixing over and over with shovels until as homogeneous o
mixture as possible wns obtaineds The soil in the tost aron was compacted
by rolliing repeatedly with a cultipacker dravn by a 4 wheel Case tractor
until no further consolidobion woas apporent. An atboempt wos made to simu-
late as nearly as possible shoulder consfruetion,conditions on regular
highwny projects.

Fertilizer of a 10-0-4 grade Was‘broadbast over the oren at the rate
of 500 pounds por acres. 4 pgrass seed mizbure composed of egual parts of
Kenbucky blue grass, Chewing's fescue, and domestic ryegrass was sdwn at
the rote of forty pounds per ccres The fertilizer npplication was repoated
about April lst of each yvears Tho grass wos nllowsd Lo grow without mowing
in the foll of 1944 ond sinee thot time it has becn mowed four to six times
each year with the crdinary sickle=-bar type mower.

The exporimental test area wos construeted, fertilized and sown in

Avgust 1944,

—B-



PLAN OF GRASS PLOTS

Eoch Plot 10 Foct by 8 Foot
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; Pit Run Grovel |Processed Gravel
Inochorent Graded Parent Material M.5.H.Ps Spocs
Sand-Dune Sand Fox-~Bellefontnineg 22mh
CefHorizon
(1) (13) _ (25) (37)
107 10% 105 7
g | (2) (14) (26) 18
g 20% 208 20% 15%
(3) (15) (27) (39)
- 30% 305 307 25%
(4) (16) (28) (40)
107 100 10% : 7%
g .
2 | (8) (17) (29) (41)
: 20% 20% 20% 15%
m | (6) (18) (30) (42)
307 30% 30% 25%
(7) clay Peat [(19) clay Peat | (31) Clay Poat |(43) Clay Peat
10% 5% | 10% 5% 10% 74 10% %
p}’: (8) (20) {32} - 1(44)
8o 152 10% 5% 10% 152 104 157 10%
A, . .
31 (9) (21) (33) (45).
25%  15% |} 25%  15% 25%  15% 25% 157
| (10) (22) (34) (26)
g 50% 50% 50% 507
ol :
e | (11) (23) (35) (47)
%t'; 75% 75% 75% - 75%
Hel (1) (24) (36) (a8)
m 100% : 100% 100% L00%
e Figure 1




Figure 2. General view of test area showing method of
mixing in top soil.
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Description of Soll Materiols

The soil materials gonsidered in the investigation are described in the
followling manner.

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

from a loam to a silt loam ocourring on undulasting to rolling moraines and
till plainse. The soil is slightly plastic and easily compacted when moist,
hard and dusty when dfy, and soft and slick when wets The soil is in the
A-6 éroup of Public Roads Administration Soil Classification.

Brookston Series: Brooksbon soll is characterized as a poorly drained

elay and ranges in texture from & lecam te a clay loam., Under normal cendi-
tions, the soil is soft to plastic but will become tough to hard when drye
This soil falls in Group A~6 of Public Roads Administration Soil Classifica-
tione

Bellefontaine Series: The surface soll of Bellefontaine ranges in

texture from sandy loam to a loame The "B" horizon is & reddish brown color
and consists of a mixture of sand, gravel and clays The guantity of elay is
sufficient %o render the mass sticky when moist; moderately hard when dry.
The soll falls in A-1 group of Public Roads Administration Soil Classifioca-
tion. |

Eﬂf Series: The surface soil of Fox ranges in texture from a sandy
loam to a losmse The Fox soil is éimilar to Bellefontaine but is distin-
guished from it by more nearly level surface features, by & greater uniform-
ity of the "B" horizon, and a uniform substratum of stratified gray sand and
gravel which contains a high percentage of calcareous materials, The seoil

falls in group A~3 of Public Roads Administration Soil Classificationa

-6~
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Incoherent Sand: Obiained from the Colome soll series which ranges in

texture from a sand tc a loamy sand. It is looge, relatively low in water
holding capacity and subject to wind erosion. Falls in Group A-% of Public
Roads Adminisiration Soil Classification.

Graded Sand: A residue washed sand from a local gravel plt, well

graded frow coarse Lo fine.

Pit-Run Gravel: ¢ Horizon of Bellefonitalne Series,

Procesged Gravel 22-4: FHoad surfacing aggregates without clay binder

goil, Coneciste of ecrushed gravel, and conforms to the grading and physical
requirements for Michigan State Highway Devartment!s specification for 22-A.
Clay: This soll was obtained from Miami Serles, C Horlzon.
Peat: Yoody peat From local deposit.
The physicel characteristics of the different soil materizls have been

gumnarized in Table 1.

GROWTH OF TURF

Although there are no adequate standard methods of measuring the
quality of turfs for highway shoulders such as are used in agricultural
research for measuring the productive capacities of pasture and meadow turfs,
an attempt has been made during the past three growing sessons to evaluate
the guality of the turf by estimating the percentsge of grass coverage or,
in other words, the deneity of the turf. A turf for highway shoulders 1s
congidered to be matiefactory if it is distributed fairly évenly over the
ground end covers 65 te 70 percent of the surface area, Turf Which covers
90 to 100 percent of the area may present & more pleasing appeurance, but 1t
is not necessarily more sultable for shoulders. The effect of the various

soil mixtures on the growth of the grass are shown in Table II.
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SUMZARY OF SOIL MATERTAL ANALYSIS

Bellefottaine Gravel Pt Run Gravel
Surfeaocs Soil Clay Miaml Surface Soil Brockaton Surfave Sedl 22-4 Foz-Fellef.
. Incoherent Dune Sand Graded Sand A=-B Horizen Miami -~ C Horizem A~B Horizen A~B Herigaon H.8.H.Do C Heriszom
8pso.

Cumulative Retalned Cumnletive ‘Rotuiuud Cummlative Rstained Cumilative Retained Cumulative Retainsed Cwmlstive Retainsed Reteined Retainsd

SIEVE AMALYSIS, PER CENT

U.8. Bursau of Soile Z inch 100
Classificetion  1l=1/? ineh 95
1 inch 100 87
Grawvel  3/4 ineh . 99 B2
3/8 inch Ba 74
¥o. 4 : 70 &8
Fo. 10 100 100 100 : 100 100 54 60
Finp Gravel  Neo. 18 99 1 91 9 98 2 100 98 2 97 3
Ho. 20 98 ' " 88 . 97 99 % 96
Conrse Semd gy, o o2 7 66 25 94 4 %9 1 90 8 %4 3
Ha. 40 %0 60 93 99 90 93 26 25
. Medlum Samd 5o, g0 55 37 28 38 85 9 98 1 75 15 85 8
o
1 Fine Send  Ho. 140 7 48 8 20 62 23 95 3 51 24 72 14
Ho. 200 4 [ 55 94 46 &7 65 2.2
Very Fine Sand " oy py 6 4 4 2 13 89 6 40 11 61 11
8iit i 1 4 14 35 38 1] 10 30 21 40
Clsy 14 ) 38 10 21
Calloida
Crushed Msterials 292 . 0.0
SOTL CONSTANES
Liquid Limit 18 18 24 34 24 40
Flastic Index Hon-Plastic Hom=Flastio 7 - 13 4 10
Specifio Gravity 2.64 2.63 2.57 2.68 2,52 2.41
Loss on Igmitiom, per cemt 4,60 592 4088 18.82 " 450 11.16 .
Organic Combent, por cemt 0.76 ' 154 8,23 6426 3037 9.18
Fiold Moisture Bguivalent, per eem 18 18 21 28 22 ’ 32 :
Shrinkage Limit, per cemt 18.7 $e1 15.6 22,5

Shyimlmge Retio .79 1.86 1.65 .47
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TABIE II - PERGENTAGE OF DIFFIRENT GRASSES IN TURF
FAR 1945, 1946 ‘AND 1947
TNCOHERENT " GRADED PIT RUN | 204
SAND SAND GRAVEL | PROCBSSED GRAVEL
- U NP e + i S
1 145 'a6 fg7 1345 146 '47 og'45 Y46 'a7 | 37'45 ‘46 ‘47
F 50 60 28 F 50 50 25 F 80 70 40 iF 60 80 70
Q@ 50 30 75 Q 50 50 75 Q 20 25 60 Q 20 20 30
? 14 26 38
H 1 F 5o 45 45 1T 60 65 35 F 60 60 45 F 60 75 45
S e 5 335 55 | 40 30 65 q 40 35 55 |g 20 25 55
T . | . R..20 —
3 ! 27 L 39 |
F 65 75 50 i FS 70 65 35 P60 60 35 ¥ 60 50 35
Q 35 25 50 1Q 30 35 65 |9 25 35 65 |Q 20 45 65
. i e B 1B _LR._20 —— ]
4 116 2 £
F 95 98 1lo¢ P95 98 100 F 70 .98 90 F 50 95 95
R 5 R 5 Q o 0 10 !» 50
] ik 30
Z1l5 17 ' 29 41
% F 80 98 100 P95 98 100 F 70 906 97 F 20 95 95
5 | R 20 no5 ¢ 0 10 3 R 80
S - 1R 39 .
®o6 18 30 42
F 70 98 100 F 60 %8 100 40 100 90 F 20 95 95
R 30 R 40 Q9 0 0 8 R 80 '
_ | B__60 ”
T oy . L9 31 43
F 80 98 100 F 95 100 100 F 65 100 100 F 60 100 100
R 20 R 5 R 35 R 40
218 20 32 44
B F 70100 95 P95 100 100 F 60 1060 100 F 50 100 98
SR 30 _ R 5 R 40 ! R 50
§ - . . e e _
21 3 4
% 70 100 98 F 100 100 100 F3 55 100 98 5 F5 5o 98 100
R 30 R 45 R 50
10 2 34 46
F 50 98 85 F 60 50 95 F 50 75 90 F 70 75 95
2 Q, 0 0 10 R 40 R 50 R 30
ﬁ R..EO _ . _—
% g 50 75 85 & 50 30 50 %5 50 40 50 | & 50 80 95
2 1q 10 15 15 |Q 10 50 45 q 10 40 40 Q 10 10 5
=L R..40 B .40 R. .40, R..40 —
@ |12 o4 36 48
¥ o200 75 60 ¥ 20 45 50 P 20 35 50 ¥ 20 50 50
qQ 20 15 1% G 20 45 45 Q 20 50 45 i Q 20 35 50
RGO . R 60 R._GO L R_60
F = Chowing's fescue Q = Quackgrass R = Ryegronss
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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 yeaf on these soll mix~
tufeso

Domestic ryegrass germinated quickly and grew rapidly in the fall of

1944 and 1945. The growth of the ryegrass was proportional t§ the amount
of fine materinl in the mixtures, an excellent cover being produced on the
plots which comtained 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 consisbed of 20% Brookston loam surfrce soll mixed
with the 22-A gravel material and plots 12, 24, 36, and 48 had & inches of
Bellefontaine saﬁdy loam placed over inecoherent sand, graded send, pit=run
gravel, and 22«A gravel respectively.

Chewing's fescue was the only grass that survived to any extent in
1945 on plﬁts 16 to 21 inclusive. These plots are the ones in which
Brookston loam surface éoil and mixbures of clay and peat are added to the
graded sand base material, It was the dominent grass on all plots on dune
sand, plit-run gravel, and 22-A gravel basse in 1945 with the following excep=
tions: (1) Ryegrass predominated on all plots on which & inches of
Bellefontaine sandy loam was placed over the base maberial; (2) Ryeérass
predominated on the 22—A gravel base material to which 20 and 30 percent
Broakston leoam surface soil wes 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 in whieh 75 and 100 percent Bellefontaine sandy
icam and those in which Miaml loam surface soil was added contained from 10
to 50 percent of quackgrasss Roobs and rhizomes of quackgrass were ilntro-
duced into these plots with the Miami and Bellefontaine surface soils,

Some weed seeds, planﬁain, sorrel, docle, dandelions, and thistles were like=
wise introduced with the surface socilse These weeds have reproduced and
growvm vigorously in the turf, especially on the plets in which Bellefontaine
sandy loam was added to the gronular base materials,

‘ During the growing season of 1945 and the following winbter, 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 ree-
tarded the growbth of Chewing's feséue; became very thin wlith incomplete
coverage of the surface in 1946G. This was especinlly true of the plots with
22~A graded gravel, pit-run groavel, and groded sand materials in which 20
and 30 percent of Brookston loam surface soil were mixed.

The turf on aimost 2ll of the plots except those with the inéoherent
sond base material deteriorsted during the 1946 growing season because of
the extremely low rainfall, The tokal rainfall from June 20 to September 1
wns approximetely .05 inch. Chewing’s fescue and quoockgrass, btwo grasses
that are extremely drought tolerant, i-éa, they become dormant during
drought periods and recover gquickly when moisture is agoin avallable recov-
ered remarkably during the £2ll of 1946 and the growing season of 1947,

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

grosses.

w11
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The quackgross introduced with the Miami loom and Bellefontaine sandy
loam solls grew vigorously in 1947, a season of relabively high rainfall,
especlally in the spring. The quackgrass grew so vigorously on the plots in
which Mismi loam surface soil was added thet the turf contained at least 5O
percent guackgrass except that on the plot consisting of 10 percent Miami
loam mized with 22-A gravels On the plots in which Bellefontaine was added
to the granular base materials the propartion of guackgrass in the turf was
influenced by the soil mixbures. There was only a wvery small amount of
guackgross in one of the plots econtaining 50 percent Bellefontaine sandy
loam, 5 %0 45 percent quaskgrass in tho plots containing 75 percent
Bellefontaine sandy ledm, and 35 te 50 percent in the plobs containing 100

percent Bellefontaine sandy loam.

PERCENT TURF COVERAGE

The quality of turf for shoulder purpeses is reflscted in the density
of ecoverage of the soil surface rather than in the total growth of the grossa
The estimeted densities of the turf coverage on the plots for the years 1945,
1946, and 1947 are shown in Toble IIi. These daota indicate the effect af
the soil, of the seasounal climatic conditlons, qnd of the grass varieties
used in the seed miwxbures and introduced as vegetative material with the

surface soil on the turf.

N
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TABLE III - PERCENT COVERAGE OF TURF 1945-1946-1947
INCOHERENT GRADED PIT RUN DOmA
y SAND SAND GRAVEL PROCESSED GRAVEL
‘a5, Va6 'apltas  'ab  tay | las ‘46 ‘a7 {'an 'ab  '4a7
1 13 25 37
30 60 95 |20 50 - 95 140 65 95 160 60 95
H 2 14 26 38
§ 45 70 100 150 65 100 55 70 100 |65 70 100
3 | 15 27 39
65 70 100 65 65 100 {65 70 95 70 70 100
4 116 20 40
AQ 65 65 130 35 55 60 30 60 70 76 95
=
% 5 17 29 41
o !
§ 55 75 95 lao 60 65 75 40 .65 85 75 95
AP 18 30 42
65 75 95 | 60 40 75 80 25 50 95 75 95
7 19 31 i 43
40 70 85 |30 20 25 55 40 60 60 60 90
e _
E‘j 8 20 32 44
E 45 75 95 130 20 35 |50 40 70 |60 70 90
O i
9 21 33 o148
55 75 95 |25 30 55 {85 45 70 60 60 95
L0 22 34 46
@ (50 70 100 |0 40 70 i85 40 98 {70 60 95
;:it i
§ 11 23 35 47
(o] ,
% 75 85 100 |75 40 90 175 50 90 (75 60 95
A
R 24 36 48
90 90 100 |90 8o 100 |90 75 100 90 75 100
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From the data given in Table III, it is noted that satisfactory high-
way shoulder turf was produced in 1945 oﬁ all of the plots conbaining 22«4
gravel materianl, and on all plots in which 30 percent Miomi loam, 30 percent
Brookston loam, or 75 and 100 percent Bellefontaine sandy loam wers used
os odditive maberials with the inocherent sand, graded sand, or pit-run
gravel base materials s Likewise the turf was satisfactory on the two plots
‘in which 10 and 20 percont Brookston loam wos mixed with the plt-run gravel
base materials

The turf on the 22=~A grovel and the incoherent sand base materinls
was satisfacbory for highwey shoulder purposes in 1946, with gross coverages
ranging from 60 to 90% of the surface. Likewise the turf, on all plots in
which 20 or 30% Miami loam surface soil was the additive material, wos withe
in the satisfactory range, with 60 to 90 peroent grass coverages The same
was true of all plobs iz which the granular bose materials were covered with
a layer of 6 inches of Bellefontaine sandy looms

The turf on the plots in which graded sand or pit-run gravel were the
base materials was not as good, in gemeral, ag that produced on the 22-A
graded gravel and on the incoherent sand base materials. Likewlse the turf
produced on plots in which oclay-peat mixbures wore used as the additive
soils were nob as satisfactory, generally, as that on the plots in which
the loam and sandy loam surface solls were used. However, the turf on the
plots consisting of pit-run gravel and graded sand base maberials, in which
Brookston loam was added, was very poor in 1946, This was because of the
domination of the ryegrass in the early stages of establishment on these

soil mixtures snd of its subsequent disappearancs from the turf,

14—
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The growth of the grass was much improved generally during 1947, o
season of relatively high rainfall, especially during the spring and early
summer. Turf was so thin ed scottered os to be termed unsatisfactory on
only seven plots, 16, 19, 20, 21, 28, 30, and 3l. The soil mixtures and
turf coverages on these plots were as follows:

(16) 10% Brockston loom with graded sand, 55% coverago;

(19) 104 ckﬁy plus 5% pent with graded sond, 25% coveragos

(20} 157 eloy plus 10% pont, with groded sand, 35% coverages

(21) 25% clay plus 15% poot with graded sond, 55% coverage:

(28) 10% Brookston loom with pit-run grovel, 60% coverage;

{30) 30% Brookston loam with pit-run gravel, 50% coverage;

(31) 10% elay plus 5% pent with pit=run grovel, 60% coverage;
Sotisfactory turf wos produced on oll piots with incohorént sand or with

22-4 groded grovel bose moterinls regardless of type of andditive soils

STABILITY OF GRASS PLOTS

One yeor after the grass plets were consiructed nnd secdod, two types
of stability tests were conducted on the gross plots to determine tholr
ability to support loads undor dry ond saturcted conditions. The first
series of tects consisted of applyiﬁg a statie load through o 100 square
inch be&riné plote and measﬁring thae omount of pemetration at different
load incroments. The sccond sories of tests wore made to check tho resiSm
‘tanee of the grass plots to rutting. This wos accomplished by driving o
heavy truck across the plets ond measuring the depth of the rut coused by

the moving wheelse

_]_5..
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The plote beoring tests were made when the soil was in o normel dry
condition, whercas the truck tosts were conductod when the soil was both in
o dry and in o saturcted condition.

Plate Bearing Tosts

A five bon truck was londed with grovel ond other ballast. It was
backed into such o position that the reor of the box wns above the aren to
be tested. Thoe 100 sguore inch plate was ploced on the ground and worked
slightly until 1% resbed in o level position. An angle iron fromo suppork-
ing o Federal cno-theousandth dinl was movoed into placoe so thot the dicl stem
was at the eonter of the plote., A slobted cyiinder woas ploced over the dial
and adjusted until the dial foce could be reod through an opening. The
eylindor wos capped by a special plate Lo which a hydraulie jack was attoch-
eds A calibrated dynanomobor ring was fasbonod to this cssembly, and the
'uppor fitting on this ring reoacted agrninst blocks undsr the truck box. A
genornl view of the apporatus is shown in Figurce 3 and detnils may bo seen
in Figure 4,

Afbar o smoll preliminary lond hed howm applied to sect the plate,
tﬂc bearing plate wos leaded. Tive hundred pound inerements werc applicd
in fairly ropld scquonccs. As soon as tho dicl showed ne further settloement
tho next incrommt of load wos applicds This wos repeated until the limit
of the dial troavel wos reoched. Graphs wore constructed for each teshs, butb
' for comparative purposes tho subgrade modulus "k" for o 2500 pound locd has
been btabulcbed in Pablo IV for cach grass plote Theo soll molsburc condi-
tion wos noted at thoe btime of toste The bearing plote tests were mode only
undor normally dry soll conditions. Only one saries of penetration tosts

was conductod.

~16-



Figure 3,

Figure 4.

Method of conducting bearing test.

A view of plate loading device.
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TABLE IV - RESISTANCE OF TURF TO BEARING PLATES (lDO S IN.)

Load - 2500 lbs.

Penetration Penietration
Plot No. (inches)  "k" % Moisture Plot No. (inches) "k 9% Molsture

1 0.540 46 D 25 0.200 125 A
2 0.490 51 D 26 0.152 164 A
3 0.800 3l D 27 0.106 RZ6 A
4 0.640 39 D 28 0,158 168 A
5] 0.335 75 D =9 0.185 135 i
8 0.435 57 D 30 0.187 160 A=2.87
7 0.520 48 D 21 0.205 122 A
8 0.440 57 il 32 0,500 50 B
2] 0.230 108 D 85 0.575 45 B
10 0.480 5e C Bek 0,582 43 B
11 0.610 4] G 55 0,380 64 B
12 0.800 28 o 36 0.870 37 B
13 0,240 104 D a7 0.08%7 287 A
14 0.250 100 D Fas 0.110 227 A
15 0,235 108 I 39 0.140 179 A
18 0.440 57 D 40 0.193 130 i}
17 0,325 77 D 41 0.182 154 A
18 0,380 71 3] 42 0.250 100 A=4,11
19 0.375 68 D 43 0,180 156 A
20 0.570 44 D 44 0,590 47 B
21 0,480 22 T 45 0.520 48 B
22 0,350 71 C 45 0.380 69 B
23 0.430 58 C 47 0,220 1i4 B
24 Failure o - C 48 C 0545 46 B
HMolsture Code (% Hoilsture)

Plot 6 Flot 18 Plot 30 Plot 42

A .83 5.58 Z.67 4.11

B 10.26 8.41 4.68 0B

C 10,22 11.186 D.23 5.85

D 10.01 7.39 4,85 4,59

jag
| - P = Load in pounds
Az A = Beering ares in sguare inches
z = Penetration in inches
k = odulus of subgrade stiffness

“in pounde per cubic inch.

=18-
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Rubting Tests

The second test for stability of the gross plots—wﬁs candueted by
driving s loaded truck over each plot and noting the depth of the wheel rut.
The load used was 10,000 pounds on o rear axle supported by two 10.00-20
tires at 70 pess.i. pressurs. The truck wos driven in creopar gear just
ropidly enough to prevent stulling in the poor sections. Figurse 5 is o pie-
ture of o sechtion of low stability. Figure & shows o more Gypical rut.
Beenuse of difficulties encountered in getting the truck over the plots only
sne run was attempteda

The effect of the passage of the truck was ﬁeasured by using profiles.
Reference stokes were driven emch side of eamch plot. A straight edge was
prlaced across these stakes snd ot six inch intervals vertical mensurements
were made with & scale Lo the ground. Profiles were mode before rubtting,
afbter rubting in the dry state, snd again after rubting in the soburated
states The data for the rubbting test is given in Tnble V.

Discussion‘gg Test Results

At the time of conducting tests, the turf growth hod not developed
sufficlently %o contribute materinily to the stablility of the soil base
material. However, the tests do show the relative stability of each graass
plot in relation tp its soll content.

The results will be discussed in light of the two major feetures of
the study: (1) the effect of adding certain top soils to incoherent or
granulory base\materials to produce stobility and plant growth mnd (2) o com-

poarative study of gronular meterinls for shoulder worke

lo-



Figure 5. General view showing penetration of
truck wheels into dry plots containing graded
sand and 10% Miani top soil,

Figure 6. Plot No. 16 showing rutting when
area wag webt. Graded and with 10% Brookston.
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TABLE V - RESISTANCE OF TURF TO RUTTING

Load 5,000 lbs. per wheel (10,000 1bs. on rear axle -~ 2 wheels)

Rut Depth % Moisture Rut Depth % Moisture
Plot No. in. {dry} i {dxy) in. (wet) n {wet)
1 3.5 20 1.9 37 8.7
2 2.6 27 “.8 29
3 1.3 54 3.1 25
4 1.9 37 4,0 17
B l.4 50 . 3.2 P
8 1.1 64 3.838 2.2 B 20,6
7 2ed 29 3.3 2l
8 2.7 26 - 7.4 2L
9 1.8 44 2.5 25
10 1.8 44, 5.2 23
11 0.4 175 2.4 29
12 0.8 87 5.0 14 18.1
13 5.5 13 2.4 29 7.8
14 8.4 21 2.0 25
15 2.0 A5 2.7 26
16 2.4 2l 3.8 184
17 3.9 18 4.7 17
18 2.0 30 5.58 2B 30 11.1
1 5.5 20 2.9 24
20 ) a2 2.9 24
21 1.9 z7 Zah 28
22 0.5 140 3.3 21
23 0.8 117 1.2 58
24 0.3 233 4.2 17~ 17.7
25 2.8 25 PR 25 5.8
26 2.0 35 2.8 25
27 1.4 50 2.2 32
28 2.3 30 2.4 29
29 1.4 S0 2.0 35
30 0.3 255 2.87 2.0 35 8.1
5l 1.2 58 2.0 35
32 1.8 59 2.8 24
33 0.3 283 2.0 238
24 . 0.3 253 2.8 8
35 0.4 175 2.0 35
36 0.4 175 2.8 28 13.1
37 0.5 140 5.6 1+ 7.2
2 0.1 700 &.4 2l
29 0.0 00 2.3 25
40 1.0 T Z.3 24
41 0.4 175 2.2 24
42 0,7 100 4,11 5.0 2%
43 0.4 175 o 24
44 1.1 64 3.2 Y
45 0.2 350 2.1 33
46 0.2 AH) 2.0 35
47 0.4 175 2.0 52
48 0.2 350 3.8 18+ 17.7

w7l
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Figurce 7 contnoins o grophic summary of the load tost data showing the
subgrade modulus "k" factor for coch plot arce ineluding both typos of bosts
and for depth of ponetrotion for onch test conditions As o moans of ovolune
ting the four difforent basc materials on hasis of stobility, tho average
"< foebor wos detormined for ench soil base group by averaging the "k"
values 0f the respeotive plots for all threc sobs of tests. The avernge of
these nvorago " valuos wos used as o basis for selecting the best base
matorinle The average "' frnetor for the four base granul&f matorials was
found %o be ns follows: Incohorent sond 44, groded sand 50, pit-run gravel
79 and 22-A grovel 100. Tho plots having o "k" foobor above average arc
now classificd in Table VI in order of thelr porformances

Tho dobo in Table VI indicatc that tho overlay from gravel pits in
Bellefontaine sandy loom produccs very stable shoulders when mixed with ine
cohcront sand, groded sond and pit-run gravel moterials, The highest stab=-
ility in the inceoheront sond group was found in plot 11, in which 75%
Bollofonbtaino sandy loom was mixed; the highest and noxt to highest on
groded sand on plots 22 and 23 with 50% and 75% Bellefonbaine sondy loam
respeebivelys and the sceecond and third highest on pit-run grovel on plots
34 ﬁnd 35 with 504 and 75% Belicfontaine sondy loam rospoctivelys

High stebility wes produced, likewlse, on inecoheorent sand with the
mixture of 25% clay and iS% poot in plot § nnd with 20% and 30% Brookston
loam surface soil in plobts 5 ond 63 likewise with 20% and 30% Miami loam
surfnco soil in plots 14 and 15 on groded sand baso; with 25% cloy plus 15%
peat in plot 33 ond with 30% Brookston loam surface soil ia plot 30, both

on pit-run grovels
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Table VI

SUMMARY OF TURF PLOTS WITH HIGHEST STABILITY

Tyson

Finney

Graded Sand

g Incoherent Sand Pit Rum Grovel 22=A Gravel
1
G (1)
m o Ploti Added Soil Turf Plot Added Soil Turf Plot Added Soll Turf Plot [Added Turf
How Covaerago Ho. Cavernage Mol Coverage, iHoe So0ll LCoverage
757 75 504 50 307 80 15 65
1 11 : Bellefontaine 100 22 Bellefontoine 70 30 Brookston 20 Miomi 100
i .
Clay 25% 45 75% 75 50% { 55 257 70
A 9 Peot 15% 100 23 Bellefontoine 90C 34 Bellefontoine 75 Miomi 100
30% 65 305 65 75% 75 15% 85
3 & | Brookston 100 15 {Miaml 100 35 Beliefontaine 20 Broolks- 95
ton
' 10%
207 40 206L 50 25% Clay cﬁy‘ 60
4 | 5 | Brookston 85 14 | ¥iami 100 33 15% Peat 74 20
Peoat

(1) Minimum coverage for sabisfoctory service considered 60 to 65 percent.
Top figure percent coverage for 1945, bottom figure 1940.

[ ¥ -
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Goed stability wos given by the cddition of 15% and 25% Minmi loam,
15% Brookston loam, and the mixture of 107 elay and 5% peat an 22-A gravels
An interesting stability relabionship among the four granular base
- materials is shown in Figure 8. The data in Figure 8 indicate thot shoulm
ders in which 22-4 gravel is used will be more stable tien those with inco-

herent sand, graded sand, or piterun gravol moberinlse

N
— gl )
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CONCLUSIONS

ey

Chewing's fescue which is tolerant of drogghty soil conditions préved
to be an excellent grass to plant on sandy and grovoelly shoulder materisls
when suitable stebilizing soil was added.

Miomi ioam, Brookéton loom, mixtures of clay and peat, and Bellefon"
taine sandy loom have all bsen found to be sabisfretory for mixing with
sondy and gravelly base matericls for the production of turfe The Minmi
loam surface soil and the Bellefonbaine sandy loam overlay from the grovel
pit in this caso hod the added advontage thot they contained a lorge amount
of guockgrass roots and rhizomess The esteblishment of the quackgross in
these plats, espécially where mioml loom wns ndded, aided in the development
af o uniform, thick turf,

Subsoll c¢lay to furnish Dbindor, end peabt to furnish organic matter
mixed with the coarse sondy and grovelly bose materialslwill produce turf
successfully except on washed groded sand. However foscue should be plonte-
ed nlone to eliminate oompobition from nursc-grosses and larger oppliea=-
tiong of fertilizer made to make up for the lack of organisms and plant food
in the raw subsoll moterials.

Brookston loam surfaece scil was found to be satisfaﬁtory moterial to
mix with the various granulor moaberials for the growbh of gross. However
the seed mixtures should be adjusted so thot the sowcalled nurse-grass (in
this onse domestic rye-grass) docs not grow so vigorocusly that it retards

the establishment of the permonent gross {Chewing's fescuels
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Generally, Chowing's fescuc should be plantod nlone on highway shoul=-
ders containing coarse sgndy cnd grovelly motoricls. Vhem domestic ryo-
grass or othor sccalled nurse grasses arg seeded in the mixtures they germ-
inote quickly and produce o rapid early growbh.

This tends to retard the establishment of the Chewing's fescue to.ﬁhe
detriment af the bturf in the second year when tho rye-grass disappenrs.
This was especinlly true on the plots whore tho larger percentoges of fines
were added ond on the gredod saﬁd and piterun gravel whero olay-peatb mix-.
tures were added. Howover, whon smallor porocentages of finos.ﬁere added,
the rye-grass blendod well wit h the fescue to produce o good cover in tho
first yeor without having o dotrimental offect on the turf in the second
yeore Thls pruss should likewise be sown olonc on 22=-4 grovel motorinl
whore 207; and 30% Brookston loam hos been cddede A mixture of three parts
Chowing's foseue and onc part domestic rye-grass could be used offectivoly
on all other soil mixbures added to the 22-A4 grovel mobterinls

Kenbucky plue gross did not survive in the turf under the conditions
of this experimenta.

There was good correlaotion beobweon the bearing plate tests and the
rutting studies. In genernl the plate tests were less sevore than the rute
ting tests.

The 22-A grovel moberial in addition to produsing satisfactory turf
with all added soils, wos found to eoxhibit greoter stahiliﬁy thmﬁ the other

granular maberinls,

3B
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Bellefontaine sandy loam, 50% ond 75% mixtures produced high stability
with incoherent sand, groded sond, and pit-runm gravel. Likewise the turf

4
wos consldered sotisfocbory on these plotse

Good stebility was produced on incohorent sand with 20% ond 30%
Brookston loam; on graded sond with 207 and 30% Miami loam; on pit-run
gravel with 30% Brookston and with o mixturc of 25%701ay and 15% peat; and
on 22-A' pravel with 15% ond 25% Minmi loom, with 15% Brookston loam, ond

with o mixture of 10% cloy and 5% poote
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