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PROGRESS REPORT ON STULY OF TURF GROWIH ON SOIL MIXTURES

AVAILABLE FOR HIGHWAY SHOULLDER CONSTRUCIION IN MICHIGAN

In 1944 a study of the growth of grase on various soil mixtures aveil-
eble for the construction of highway shoulders in 3ichigan was underteken
as & joint research proje&t 56tWeen the Soil Science Depertment of Michipgan
state College and the Research Laboratory of the lMichigan State Highway
Department.

Tho main objective of the study was to determine the effect of mixing
various smounts ond kinds of soils into the top six inches of the commonly
used sand and gravel subbase (base course) or qhouldep-mﬁterials on the
growth of grass and upoﬁ the stability of the shoul&éfﬁ éroduced.with theme
The soili seleoted for mixing with the sand and gravelly.subbase or shoulder
meterials were those clmmohij available for this purpose in southern
Michligan.

The iniéatigatian consiste of two parts. The first;part pertains to
the establishment of an expérimental test area in which £urf growth mnd
stability of different soll mixtures eould be studied under controlled con-
ditions. The second phase involves a comprehensive field sfudy and evalua=-
tion of turf growth and stebility of existing highway shoulders throughout
Michigean. This peper is eossentially a progress report summarizing the

results obtained so fer in commection with the experimental test area,

=L
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The work indicetes that Chewing's fosoue iz an excellent grass to

plﬂﬂt on sendy emd gravelly stabllized shoulder materials, Topsoils con-
gisting of Miami loam, Brookston loam and Bellefontaine sandy loam can be
gatisfactorily mixed with sande and gravels to produce turfs In certain
casgs mixtures of oley end peat are successful, Chewing's fescue should be
planted alone or with a small amount of the so-celled nurse-~grasses., An
excess of nurse-grasses which germinote quickly is detrimental to the estab-
lishment of the Chewing's fescue especially in the second year when the
nurse-grasses disappear.

Rutting tests indicete that all of the soil mixtures under study do
not possess satisfactory stebility characteristios when wet, All factors
considered, the date indlcate that 22-A processed gravel is the bes£ of the |
s0il mixtures in relation to stability and turf growth.

The report includes e desoription of the test mrea, end a discussion
of the turf development on the various soil mixturos; In addition, methods

employed in oonducting staebility tests on the individual gress plots are

presented together with test results.

DESCRIPTION OF EXPERIMENTAL TEST AREA

The surface soil was removed from an aree forty feet wide and ninety-
six feet long with e bulldozser. Granular materinls consisting of; (1} inco-
“horent sand, (2) graded sand, (3) pit run gravel and (4) processad gravel
(Michigan State Highway Specification 22-4) was leid down-in parallel strips

eighteen inches deep and ten feet wide 1n a north-south dirsction.
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Additive s0il materinls were spread in strips eight fect wide, oross-
gng the four granular materials in an east-west direction. Theso additive
goil mntorials conslsted of Miami loam surface soil, Brookston loam surface
aﬁil: mixtures of subsoil clay mnd peat and Bellefontoine sandy loam overlay
on gravel pit including surface material and B horizon down to grovel.
Figure 1 presonts o layout of the test aroa showing the position of the gran=-
ular bose matericls and the ﬁind and pereoentoges of additive soil materials
uscda Figuro 2 shows a vicw of test area while undor construction, Thaose
soil moterials wero ineérporuted into the top six inches of the granular
boso mnterials by mixing over and over with showels until ns homogenoous a
mixture os possible wms pbtained. The soillin the test aroa ;ns compooted
by rolling repcotedly with a cultipacker dravm by o 4 ;heel dﬁse traoter
until no further consolidation was uppﬁrent. An attompt wos made to simu-
late as nonrly as possible shoulder construction conditions on rogular
highway projcots.

Fortilizer of a 10-6-4 grade was broadcast over the area at the rate
of 500 pounds per acres A grass sced mixture composcd of equnl pa;ts of
Kentucky blue grass, Chewing's foscue, and domostic ryegrass was sown ot
tho rate of forty pounds por acre. The fertilizor application was repoated
about April 1lst of each year. The grass was allowed to grow without mowing
in the fall of 1944 ond since that time it has boon mowed four to six times
each yoar with the ordinocry sickle-bar type mower.

The exporimental test aren was constructoed, fertilized and sown in

August 1944.



PLAN OF GRASS FLOTS

Each Plot 10 Foot by 8 Feot
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1 Pit Run Grovol

'Processod Gravel

Inochorent Graded Parent Material M.S.H.D. Spces
Sand=Dune - Sand Fox~Bellefontaino 22=4
C=Horizon
) (23) (25) Gy - ..
10% 107 10% %
Bl 12) (14) (26) (36)
20% 20¢% 20% 15%
(3) (15) (27) (39)
30% 30% 304 25%
() (16) (28) (40) ,
10% 100 107 1%
(5) (17) (29) (41) '
20% 20% 205% 15%
(6) (18) (30) (42)
307% 30% 30% 25%
(7) clay Peat [(19) Clay Peat | (31)cClay Poat |[(43) Clay Pent
10% 5/ : 10% 5% 10% 5% 10% S
(8) (20) (32) (44)
15%  10% . 15%  10% 15%  10% 1542 10%
(9) (21) (33) (45)
25% 15% 25% 15% 25% 15% 25% 15%
(10) (22) : (34) (46)
50% 50% 50%
2| (11) (23) (35) (a7)
o 75% 75% 5% 75%
“[(12) (24) (36) (49)
100% 1004 100% 100%

THE mrsenas 1
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pescription of Soil Mnterials
=
The s80il materials considered in the investigation are described in the

following manners

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

. from & loam to a silt loam ooccurring on undulating to rolling moraines and
till plainse The soil is slightly plastic and easily compacted when moist,
herd and dusty when dry, and soft and élick when wets The soil is in the
46 group of Public Hoads Administration Soil Classifiontion.

Brookston Sories:_ Brookston soil is characterized as a poorly drained

cley end ranges in texture from a loam to a olay,lpam. Under normal condi=-
tions, the soil is soft to plastic but will begome tough to hard when drys
This seil falls in Group A~6 of Public Roads Adﬁiniatration S0il Classifioa-
tione '

Bellefontaine Series: The surface soil of Bellefontaine ranges in

texture from saendy loam to e loams The "B" horizon is m reddish brown oolor
and oonsists of a mixture of sand, gravel and clay. The qﬁantity of clay is
laufficient to render the mass sticky when moist; moderately hard ;hen drye
The soil falls in A=l group of Public Roads Administration Soil Classifica-
tione.

ESE Series: Thalsurfaoe soil of Fox ranges in texture from a sandy
loam to & loame The Fox soil is similar to Bellefonteine but is distin-
guished from it by more nearly level surface feebtures, by a greater uniform-
ity of the "B" horizon, and o uniform substratum of stratified gray sand and
‘gravel which oontains a high percentage of oalcareous materiale The soll

falls in group A=3 of Public Roads Administration Soil Classification,
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Incoherent Send: Obtained from the Coloma soil series which ranges in

yexture from a sand to a loamy sand. It is loose, relatively low in water
_hplding capacity and subject to wind erosion. Falls in Group 4-3 of Public
Roads Administration Soil Clasgification. :

Graded Ssnd: A residue washed sand from a local gravel pit, well
graded from coarse to fine.’

Pit-Run Gravel: C Horizon of Bellefontaine Series.

Processed Gravel 22-4: Road surfacing aggregates without clay binder

g0il. Congigts of crushed gravel, and conforms to the grading and physical

requirements for Michigen State Highway Department!s specification for 22-A.
gigzzv This soil ﬁas obtained from Mismi Series, C Horizon.

Peat: YWoody peat from local deposit.

The physicazl characteristics of the different soil materials have been

sumnarized in Table 1.

GROWTH OF TURF

Although there are no adequate standard methods of measuring the
quality of turfs for highway shouiders such as are uged in agricultural
research for measuring the productlve capacities of pasture and meadow turfe,
an attempt has been made during the past three growing seasons te evaluate
the quality of the turf by estimating the percentage of grass coverége or,

in other words,lthe dengity of the turf. A turf for highway shoulders is
coneldered to be satisfactory if it 1s distributed fairly evenly over the
gréﬁnd'&nd covers 65 to 70 percent of the surface area. Turf which covérs
90 to 100 percent of the area may present a more pleasing appearance, but it
is not necesserily more suitable for shoulders. The effect of the various

soil mixtures on the growth of the grass are shown in Table II.
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TABIE II - PERCENTAGE OF DIFFERENT GRASSES IN TURF
T6R 1945, 1946 AND 1947
INCOHERENT GRADED PIT RUN 20 -4
SAND SAND GRAVEL | PROCESSED GRAVEL
T R d s i
1 '45 146 147 | 13148 146 Y47 25145 148 147 37'45 '46 'a7
¥ 53 68 25 |E BQ 50 25 F 89 70 49 P B0 80 70
g 50 30 75 1Q 50 30 75 grs0r 2k S50 Q 20 20 30
g 14 06 38
p 50 65 45 F 60 65 35 F 60 60 45 F 60 75 45
g 50 35 55 |Q 40 30 65 Q 40 35 55 3 gg RE. 55
S R v s i 7 e
365 75 so |F.70 65 35 |F o 60 38 |F 60 50 35
g 35 25 S50 lQ 30 35 65 Q4 25 3Eess qQ 20 45 65
B i E e L o o _4
4 ' 16 28 lug . s
F 95 98 100 F 95 98 100 F 70 .98 90 'F 50 95 95
o F R 5§ lq o o0.10 |r 50O
R AE IS, | R__30
: 17 L 29 41
g % 80 98 100 |F 95 98 100 F 70 90 97 F 20 95 9%
P |R 20 & 5 o @ 10 3 \ R B0
S MRE L i A
R _ 18 30 4z
P 70 93 100 |F 60 98 100 ? 40 100 90 P 20 95 9%
R 30 R 40 Q 0 0 5 |R 80
g 6 & |
7 19 31 43
F 80 98 100 |F 95 100 100 ® 65 100 100 F 60 100 100 .-
R 20 R -5 B, 4% 'R 40 -
e e e T ey 723 i
= |8 20 32 44
ﬁ F 70100 95 |F 95 100 100 ? 60 100 100 F S0 100 98
é R 30 R 5 R 40 | R 50
5 15 P
70100 98 | ¥ 100 100 100 F 55 100 98 | F 20 98 100
R 30 [ R 45 R 50
10 | zé = 4 . 46
¥ 50 98 85 |F 60 80 95 |V g0 75 90 |F 70 75 95
mle. 0,0 10 R 40 R 50 | R 30
[ - SO = o I e e 3 s b
8 (11 2 U a7 :
% * so 75 85 F3 50 30 50 %5 50 40 50 F 50 80 95
Ble 10 158 25 |l aq 10 50 45 Q 10 40 40 Qg 10 10 §
E R_40 R._40 R. 40 | R_40_
a112 3] 48
2 20 75 60 |9 20 45 S0 ¥ 20 35 50 |F 20 50 50
g 20 15 .35 g 20 45 45 Q 20 50 45 i3 20 35 50
. | R &0 R__60 R 60 . i R_60

F = Chowing's fescue Q & Quoekgrass R = Ryegrass

--9-—
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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-
tureses

Domestic ryegreass germinated quickly end grew rapidly in the fall of
1944 and 1945. The growth of the ryegrass was proportional to the amount
of fine materinl in the mixtures, an excellent cover being produced on the
plots which contained the highest.percentages of finess The largest growth
of grass in the fall of 1944 and in i945 was produced on plot 42 consisting
of 25% Broockston 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 207 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 incohsrent sand, graded sand, pit-run
gravel, and 2¢-A gravel respectivelys

Chewing's fescue was the only grass thot survived to any extent in
1945 on plots 16 to 21 inclusive. These plots are the ones in which

.

Brookston loam surface soil and mixtures of eclay and pgat are added to the
graded sand base material. It wae the dominant grassdbn ell plots on dune
gand, pit-run gravel, and 22-A gravel base in 1945 with the fellowing excep-
tions: (1) Ryegrass predominated on all plots on which.6 inches of
Bollefontaine sandy loem was pleced over the banse material; (2) Ryegrass
predominated on the 22-A gravel base material to which 20 end 30 percent

Brookston leam surface soil was added and on the pit-run gravel materisl in

which 30 percent Brookston loam surface soil was oddeds.

-10-
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The turf on the plots in which 75 end 100 percent Bellefontoine sandy

1onm md those in which Miaml loam gurface sqil was ndded contained from 10
to 50 perceﬁt of quackgrasss Roots and rhizomes of guackgrase were intro=-
guced into these plots with the Miami ond Bellefontaine surface scils,

gSome weed seed'e;, plantain, sorrel, dock, dandelions, and thistles were like=
wise introduced with the surface soils. These weeds have reproduced and
grown vigorously in the tw.urf, especin 1y on the plots in which Bellefontaine
gandy loam was added to the graﬁular base moterinls,.

During the growing season of 1945 and the following winter, all of the
domestic ryegrass disapveared from the turf. The net result wns that the
turf, on plots on which the luxuriant growth of the domestic ryegrass re-
tarded the growth of Chewing's fescue, became very thin with incomplete
corvsrﬁga of the surface in 1946 This was especially true of the plots with
22~A granded gravel, pit-run gravel, and graded sand materials in which 20
and 30 percent of Brookston loam surface soil were mixeds

The turf on ulllnos-b' all of the plots except those with the incoherent
somd bose material deteriorated during the 1946 growing season because of
the extremely low rainfall, The total reinfall from June 20 to September 1
was approximately «05 inch. Chewing's fescue end quackgrass, two grasses
that are extremely drought tolerant, isc., they become dormant during
drought periods and recover guickly when moisture is again available recov-
ered remarkobly dwing the fall of 1946 and the growing season of 1947.

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

ETRL8388. .
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The quaokgrass introduced with the Miami lcam and Bellefontaine sandy

1oam 801ls grew vigorously in 1947, a season of relatively high rainfall,
pspecially in the spring. The quackgress grew so vigorously on the plots in
which Miemi loam surface soil wos added that the turf contaiﬁed at least 50
peroent quackgrass exeept that on thoe plot c-:onsistling of 10 percent Miami
loam mixed with 22-A gravels On the plota in which Bellefontaine wos added
to the granular base maoterials the propertion ‘of qub.ékgmss in the turf wes
influenced by the soil mixtures. There wus on}y a very small amount of
quackgrass in one of the plots containing 50 percent Bellefontaine sandy

loam, 5 to 45 percent quackgrass in the plots containing 75 percent

Bellefontaine sandy loam, and 35 to 50 percent in the plots containing 100

percant Bellefontaine sandy loam.

PERCENT TURF COVERAGE

The quelity of turf for shoulder purposes is reflected in the density
of coverage of the soil surface rether than in the total growth of the grases
The estimated densiti es of the turf covernge on the plots for the years 1945,
1946, end 1947 are shown in Table II1I, These data indicate the effect ef
the soil, of the seasonal climatic conditions, and of the grass varieties
used in the seed mixbures and introduced as vegetative moterial with the

surface so0il on the turf.
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TABLE III - PERCENT COVERAGE OF TURF 1945-1946-1%47
INCOHERENT GRADED PIT RUN 22eA
45 sgugg '47 | '45 gﬁgn ‘47 1 'a8 Gﬁgu '47 Pﬁg‘: ESS:EEG GR&':I4E%.
1 13 25 37
30 60 95 |20 50 95 40 65 95 60 60 95
2 R 14 % 26 38
g 45 70 100 |50 65 100 55 ° 70 loO 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 Bs | 30 35 55 |60 30 60 (70 70 95
g 5 17 29 41
| g 55 75 95 140 6O 65 |75 40 65 |85 75 95
;' t s 18 30 a2
| 65 75 95 |60 40 75 (B0 25 50 |95 75 95
| 7 15 31 i 3
40 70 B (30 20 25 |55 40 éo 60 60 90
:ﬁ; 8 20 32 44
g 45 75 95 |30 20 35 |50 40 70 |60 70 90
= {9 21 33 | 45
55 75 95 |25 30 55 |55 45 70 |60 60 95
10 22 34 46
g |50 70 100 50 40 70 155 40 15 |70 60 95
é 11 23 35 47
2 75 85 100 |75 40 90 75 50 90 |75 60 95
% @ 24 36 48
- 90 Q0 100 %0 8o 100 {90 75 100 Q0 75 *100
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From the deta given in Table IIT, it is nate@ thot satisfactory high-
yoy shoulder twf was produced in 1945 on all of'thelplots conbaining 22«4
grovel material, ond on all plots in which 30 percent Minmi loam, 30 percent
Brookston loam, or 75 and 100 percent Bellefontaine sandy loam were used
ns ndditive materials with the inecherent sand, graded sand, cor pit-run
gravel base materials. Likewise the turf Waa‘ sotisfoctory on the two plots
in which 10 and 20 percant Brookston loam was mixed with the pit-run gravel
base mobteriale

The turf on the 22-A gravel and the inccherent sand base mater iols
wos satisfactory for highway shoulder purposes in 1946, with grass ocoverages
ranging from 60 to 90% of the surface. Likewise the turf, on all plots in
which 20 or 30% Miomi loam surface soil was tﬁe additive material, wos withe
in the satisfactor? range, with 60 to 90 percent grnss coveragee« The same
woas true of all plote in which the granular base materials were covered with
a layer of G inches of Bellefontaine sandy loam. |

The turf on the plota in which graded Qand or piterun gravel were the
base meterinle was not as good, in genersl, ns that produced on the 22-A
graded gravel and on tha-incoherent sand base materials. Likewise the turf
produced on plots in which oclay-peat mixtures were used as the andditive
solls were m.:t os satisfactory, generally, as that on the plots in which
, the loom and sandy loam surface soils were used. Howsver, the turf on the
plots consisting of piterun gravel and graded sand base mterials, in which
Brcokai;o11 loam wns edded, was very poor in 1946, This wns beoause of the
domination of the ryegrass in the early stoges of estaeblishment on these

goil mixtures end of its subsequent disappearance from the turf.

-14-
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Tho growth of the gross wos mgch improved gonorally during 1947, a
sonson of relatively high rainfali, capcoially during tho spring ond early.
SUMIIOT » Turf wms so thin md scatterod cs to-Bo tormod unsntisfactory on
only soven plots, 16, 19, 20, 21, 28, 30, ond 31. The soil mixtures ond
gurl coverngos on these plots wero as follows:

(16) 10% Brookston loam with graded sand, 55% coverngos

(19) 10% oloy plus 5% pent with graded sond, 25% oeoversgcs

(20) 15% elay plus 107 peat, with groded sand, 35% coverages

(21) 254 cloy plus 15% poat with gradcd sand, 55% covernge;

(28) 10% Brockston loam with pit-run gravel, 60% covérage;

(30) 30% Brookston loom with pit-run gravol, S04 coverago;

(31) 10% elay plus 5% poat with piterun gravel, 607 covorcge;
Satiafactory fturf wos produgod on all plots with incoherent sand or with

22-A graded gravel bose matorials rqurdlbss of typb of ndditive soila

STABILITY OF GRASS PLOTS

One yoar after the grass plots were constructed ond scodod, twp typps
of stability tosts were conductod on the grass plots to dotermlne their
ability te support loads undor dry oand satu;nted conditions. The first
series of tosts consisted of app;ying n stotic load through o 100 square
inch bearing plote ond measuring the cmount of penctration at diffqrent
load incromentse Tho second sorios of tosts werc made to chook tho resis-
tance of the grass plots to rutting. This was nccomplished by driving o

honyy truck across the plots and meesuring the depth of the rut coused by

the moving wheclse.

Y
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The plato benring tests wero made whon the soil was in o normal dry

gondition, wheroas the truck %tests weorce conduetod when the soil was both in

a dry nnd in o saturatcd ocondition.

gﬂ&ﬁﬁ Bearing Tosts

A five ton truck was loadod with gravol ond other ballast. It was
bocked into such a position thut tho rear of the box was above the arca to
po testod. The 100 squarc inch plate wos pleccod on the ground and worked
glightly until it restod in a lovel position. An angle iron framc support-
ing o Foderal ono-thousandth dial was moved into placc so that thﬁ dial stom
wns at tho contor of tho plato. A slotted eylinder wos placed over tho dial
and adjusted until the dial faee could bo reond through an opening. The
cylinder wois copped by a special plato to which a hydrculic jack wns attach-
od. A calibrated dynamometor ring was fastonod to this a;sembly, and the
uppor fitting on this ring rccetod cgninst blocks under tho trueck box. A
goncral view of tho cpparatus is shown in Figvro 3 and details may be soen
in Figurc 4. <
Aftcar o small preliminory lond had bem applicd to seat the plate,
the bearing platc was loadeds Five hugdred pound increments werc appliod ;
in_fairly ropid soquence, As soon as the dicl showed ne furthor settloment
the noxt inciement of load wos applicds. This was rcpeatod until the limit
of the dial travol was recchods Graphs wore constructed for each test, but
for comparative purposcs the subgrade modulus "E" for a 2500 pound lond has
boen tabulcted in Tablo IV for oach gross plote The s0il moisturo condi=
tion wns noted ot the time of test. The benring plete tests ware made only
under normally dry scil conditions. Only onc scrics of penotration tests

vas conduotcde
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TABLE IV - RESISTANCE OF TURF TO BEARING PLATES (100 S¢. IN,)

Load - 2500 lbs,

Penetration Penetration
(inches) Mk" £ Moisture FPlob No. (inches) "k" % Moisture
0.540 46 D 25 0.200 125 A
0.430 51 B 26 0.152 164 A
0.800 g1 D 27 0.108 256 A
0.640 59 D 28 0.158 158 A
0.335 78 D 29 0.185 135 A
0.435 57 D 30 - 0,187 150 =2.67
0.520 48 D 31 0.205 122 A
0.440 57 D 32 0.500 50 B
0.230 109 D 33 0.575 43 B
0.480 52 C 34 0.582 43 B
0.610 41 c 55 0.390 64 B
0.900 28 C 36 0.870 37 B
0.240 104 D a7 0087 =87 A
0.250 100 D 28 0,110 227 A
0.235 106 D 39 0.140 179 A
0.440 5y D 40 0.193 130 A
0.325 if D 4] 0.162 « 154 A
0.350 71 D 42 0.250 100 A=4,11
0.375 66 D 43 0.160 156 A
0.570 44 D 44 0.580 42 B
0.480 82 D 45 0.520 48 B
0.350 T4 C 46 0.3860 69 B
0.47%0 58 ¢ 47 . 0.220 114 B
Failure — C 43 0,545 46 B
Moisture Code (% oisture)
Plet 6 Plot 18 Plot 30 Plot 42
A 3.83 5.58 2.67 4.11
B 10.25 8.41 4,68 6.26
C 16,22 i I S 5 5.23 5.85
D 10.01 7.89 4,85 4.59
e P = Load in pounds
Az 4 = Bearing area in square inches
z = Penetration in inches
k = Modulus of subgrade stiffness

in pounds per cubic inch.

18w
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rutting Tests

The second test for stability of the grass plots was oonduoted by
driving a loaded truck over esach plot ond noting the depth of the wheel rut.
The load wsed was 10,000 pounds on a roar axle supported by two 10,00-20
tires at 70 peSeis pressure. The truck wos drivem in creeper gear just
rapidly enough to prevent stalling in the poor sectionss Figure 5 is a pic~
ture of o section of low stoki lity. [Figure 6 shows a more typienl ruta
Because of difficulties encountered in getting the truck over the plots only
eneo run wng attempted. -

The offeot of the passage of the truck wuns measured by using profilese.
Reference stokes were driven each side of each plots A‘straight edge was
plaoed across these stakes aad ot six inch intervnls vertical measurements
were made with a scale to the ground. Profiles werc made befo'r?e rutting,
aftor rutting in the dry state, and again after rutting in the saturated
statos The data for the rutting test is givem in Table V.

'Mscussionﬂ-Test Results

At the time of conducting tests, the turf growth had not de'éeloped_
sufficiently to contribute materially to tho stability of the saii base
materials However, the tests do show the relntive stability of each graass
plot in relation to its soil content.

The results will be discussed in light of the two major features of
the study: (1) the effect of ndding certnin top soils to incohorent or
granuler bose materials to produco stobility and plent growth aﬁd (2) o com=-

parative study of gronular materials for shoulder worke

n-l 91—



TABLﬁ V ~ RESISTANCE OF TURF TO RUTTING

Toad 5,000 lbs. per wheel (10,000 lbs. on rear axle - 2 wheels)

Rut Depth 4 Moisture Rut Depth % Moisture
plot No. in. (dry) M (dry) in., (wet) e {wet)
1 3.5 20 1.9 37 8.7
2 2.6 27 2.8 25
3 1.3 54 . 3.1 23
4 1.8 37 4.0 17
5 n 50 3.2 22
g 3 5 84 3.8% 2.2 %) 20.6
7 2.4 29 3.3 21
8 2.7 28 2.4 21
9 1.6 44 2.5 23
10 1.8 44 3.2 22
14 0.4 175 2.4 29
12 0.8 87 5.0 14 18.1
13 5.3 13 2.4 29 7.8
14 3.4 21 2.8 R
15 2.0 35 2.7 28
16 3.4 21 2.8 194
17 3.9 18 4.2 A7 ;
18 “2.0 35 5.53 Dl B0 2 (G
19 5.5 20 2.9 24
20 2.2 32 2.9 24
21 1.9 57 2.5 28
22 0.5 140 3.5 21
23 0.6 117 1:2 58
24 0.3 233 4.2 17 5
25 2.8 25 2.8 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 50 2.0 z5
30 0.3 233 2.67 2.0 35 8.1
31 142 58 2.0 35
22 1.8 %9 2.9 24
33 0.3 235 3.0 23
24 0.3 253 2.2 32
35 0.4 175 2.0 35
6 0.4 175 2.8 26 19.1
37 0.5 140 4.6 194 72
28 051 700 5.4 e
39 0.0 00 2.8 25
40 1.0 70 Z.9 24
41 0.4 175 2.9 R4
42 0.7 100 4,01 2.0 23
43 0.4 175 2.9 24
44 Tl 64 5.2 22
45 0.2 450 2.1 33
46 0.% 2% 2.0 35
47 0.4 175 2 B2
48 0.2 550 5.8 18+ i
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Figuro 7 conboins a graphie summary of tho load test data showing tho
,ﬁbgrndc modulus "k" faotor for cnch plot aron ineluding both typos of tests
énd for deopth of penotration for each test conditions As a moans of ovnlua=~
ting tho four diffcerent basc materials on basis of stability, tho averago
' faotor was detormined for coch s0il basc group by avoraging the el
mlues of the respeotivo plots for all throe sots of tests. Tho average of
thoso avofngo "<" valucs wos usod as o basis for scleeting the bost base
matorinle Tho avernge "k" fnetor for the four basc gronuloar matorials wos
found to bo as follows: ~Incohecront sond 44, graded sand 50, pit=run gravol
79 and 22-A gravel 100. Tho plots having o "k" factor above avorngo aro
now classified in Toble VI in ordor of their porformancc‘

Tho data in Tablo VI indicate that the ovarlnylfrom grovel pits in
Bollofontaine sandy lcam producos very stable shoulders when ﬁixod with ine-
cohoront sand, graded sand and pit-run grovel matcrinls. The highost stab-
ility in tho incohcront sand group vms found in plet 11, in ﬁhich 75%
Bollofontaine sandy loam wna mixed; the highost ond noxt te highest on
graded sand on plots 22 and 23 with 50% and 75% Bollefontaine sondy loam
respootively; ond the sccond and third highost oﬁ rit-run grovel on plots
34 and 35 with 50% and 757 Bollefontaine sandy loam rcspoctivelys

High stability wes produced, likowise, on incohcront sand with tho
mixture of 25% eloy and 15% poct in plot 9 and with 20% and 30% Brookston
loam surfoco soil in plots 5 ond 6; likowise with 20% ond 30% Miomi loam
surfoce soil in ploks 14 and 15 on groded sand bazos with 25% clny plus 15%
peat in plot 33 oand with 30% Brookston leom surin:: soil in plot 30, both

on pit-run gravole
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SUMHARY OF TURF PLOTS WITH HIGHEST STABILITY
= Incoherent Sand Graded Sand Pit Run Gravel - 22-4 Gravel
e | g
4
1
& | Prot| Added Soil Turf (1) Plot Added Soil Turf Plot £dded Soil  jTurf Plet !Added (Turf
Noe Coveragel No. Coveragg Ho. Coverage; ilos Soil [Coverage
T5% 75 soz 5o | | 307 80 ligz « | 65
11 . Bellefontaine 100 22 Bellefontaine T0 30 Brookston I 50 iami 100
|
; 2 -
Clay 25% 45 757 ' R 50% 55 25% 70
9 | Pect 15% 100 23 IBellefontaine 90 34 Bellefontaine 75 Miami 100
307 65 | 130% 65 757 L 75 157 85
6 ! Brookston 160 15 |Nioami 100 35 Bellefontaine 90 Brooks~ 95
teia ton
:- S b l r}
20% ; 40 207 50 25% Clay cizy 60
5 Brockston a5 14 | Miami 100 33 15% Peat & 90
. l Peat

(1) Mininum coverage for satisfactory service considered 60 to 65 percent.
Top figure percent coverage for 1945, bottom figure 1946,
}
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Good stability wons given by the addition of 15% and 25% Miami loam,
"15% Brookston loam, and the mixturc of 100 elay and 5% pent on 22-A gravels
An interosting stability relationship among the four granulnr base
materials 1s shown in Piguro 8. The dota in Figure 8 indicate that shoul=
ders in which 2Z-A gravel is used will be more stable than those with inco-

heront sand, graded sand, or pit-run gravel materiaols.
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CONCLUSIONS

ChGWing'é fescue which is tolerant of droughty soil canditions Pr&vgd
tg be an excellent gross Lo plant on sandy and gravelly shoulder mnterinls
whén suitable stabilizing séil was oaddede

Miami loam, Brockston loam; mixtures of clay and peat, and Bellofon-
tnine sandy loam have all beon found to be_saﬁiafactory for mixing with
gandy ond gravelly base motericls for the production of turf, ITho Miomi,
loam surfaoe soil and the Bollefontaine sandy loam overlay from the gravel
pit in this casc had the ndded advnntago that they contoined a lerge amount
of quackgfass roots and rhigomes. The ostcblishment of the quackgrass in
these plats, espocinlly whore miami loam wos cdded, nided in the development
of o uniform, thick turf.:

Subsoil clay to furnish binder, end peat fo férnish organic matter
mixed with the cocarsc sandy ond gravelly basc matorials will produce turf
succossfully except on washed gradod sands However fescue should bo plant-
od alone to eliminate competition from nursc-grasscs and larger applicon-
tions of fertilizer mode to moke up for thp lanck of orgaunisms and plant food
in the row subsoil matoricls.

Brookston loom surface soil was found to be satisfactory motoerinl to
mix with the wvarious granula; materinls for tho growth of gross. However
tho scod mixtures should be adjustod se that the so-c&lloé nurso-grass (in
this cose domestic ryc-grass) doos not grow so vigorously that it retards

the ostoblishmont of the permancent grags (Chewing's fescue)s
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Gemorally, Chewing's foscuc should be plonted alone on highway shoul-
dors confaining coarse sandy and gravolly motorinls. Vhen domestic rye-
gross or other socelled nurse grasses are secded in the mixtures they germ-
inate quickly and produco a rapid early grosths

This tends to retard the ostablishmont of the Chewing's fescue to the
detrimont of tho turf in Yhe.second ycar when the ryo-grass disappeors.
fhis was espeeially truc on the plots where thc'largcr porcentoges of fines
were odded and on tho groded sand and pit-run gravel whace cloy~=pont mixe
tures were addeds However, whon smallor porcenbtoges of fines were added,
the rye-graés blendod well wit h the foscue té produce o good covor in tho
first yoor without hnving a detrimentsl effeet on the turf in the sécund
yoare This grass should likgwise be sown alone on 22-4 gravel matorial
whore 207 and 30% Brookston loam has boen added. A4 mixburc of threce parts
Chowing's foscuc and onc part domostic rye-grass could be used offoetively
on all other scil mixturos andded to the 22-A grovel matoriai.

Kentuck§ blue grass did not survive in the turf under tho conditions
of this expcriment.

Thore was gsod coffolation botwuon.thé boaring plato tests and the
rutting studies. In.genoral the plate tosts wore loss soverc than the rute
ting teeﬁ&o.

The 22=A grovel materinl in addition to producing sotisfactory turf
with ali ndded soils, was found to cxhibit greoter stability then the other

granular materinls,
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Bellofo:ﬂ:dinc sandy 1on;n, '-EO% nnd 757 mixturcs produoced high stability
Ath incoharent 'san'd,» gradod sond, ond pi*t-,-ru.n grovel. Lilkowiso tho turf
-,;,;M considered satisfr.etory on.thcse plots.

Good stnbility wis produced on incoheront sand with 20% and 30%
‘Brockston loam; on groded sand with 207 and I3O% Hiomi loam; on pit-run
grevol with 30% Brookston and with o mixturc of 25% clay and 15% pont; and
on 22-A gr:woi with 15% and 25% Miomi loom, with 155%' Brookston loam, and

with a mixturc of 10% cluy and 5% ponte

L}
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Discussion of Report by Tyson and Finney

(Questions vere addressed to the co-author, Mr. Fimney)

1t compaction by cultipacker insufficient to provide a stabilized shoulder
borial? Was a heavy roller used at any time?

No roller was used. A cultipacker was used, which was pulled by a
four-wheel Case tractors. This was done to give compaction comparable
to normal compaction on highway shoulders under present practices.

density determinations made? There should be a uniform method of determin-
densities. Vhat 1s the simplest method of obtaining densities?

No dehsity tests have been made, but are planned on this or subsequent
worke The methods of determining density as specified by the ASTH and
AASHO are accepted by soils engineers generally. Determinations are
made in inecrements rather than full depthss

Is there need for both plate and rutting tests? (The plate test seems to have
een 1ess severes)

Tt 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 enpineers. It is also of value to correlate with rutting
tests. :

Change in seed formulas might be valuable as the percentage of rye griass used
was evidently too high.

Tentative plan is to try other seed mixtures.

Were mulches used? Use of mulches might improve qudl ity _qu turf and extend

Seeding season,

No mulches were used, but might be included in future testse.





