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PROGRESS REPORT ON STUDY OF TURF GROWTH ON 
SOIL .MIXTURF.s AVAILABLE FOR HIGHWAY SHOUIDER CONSTRUOTION IN MICHIGAN* 

By 
J. Tyson» Soils Science Department 

Michigan State College 
and · 

E. A. Finney 9 Research Laboratory 
Michigan State Highway Department 

In 1944 a study of the growth of grass on various soil mixtures available 
for the construction 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 t he ef fe t · of mixing va
rious amounts and · ldnds of soils into the top six inches of the commonly used 
sand and gravel subbase (base course) or spoulder materials on the growth of 
grass and upon the stability of the shoulders produced with them!' The soils se
lected for mixing with the sand and gravelly subbase or shoulder ma:t,erials 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 
different soil mixtures could be studied under controlled conditions . The second 
phase involves a comprehensive field study and evaluation of turf gr01't_h and sta
,bility of existing highway .shoulders throughout Michigano This paper is essenti
ally, a progress report summarizing the results obtained so far in connection with 
the experimental test area. 

The work indicates that Ghewing 1s fescue is an excellent graijs to plant 
on sandy and gravelly stabilized shoulder materials o Topsoils consisting .of 
Miami loam, Brookston loam and Bellefontaine sandy loam can be satisfactorily 
mixed withs ands and g:ravels to produce turf o In certain cases nrlxtures of 
clay and peat are successfulo Chewing 9s fescue should be planted alone or with 
a small amount of the s0-called nurse- grasses . An excess of nurse- grasses which 
germinate quickly is detrimental to the establishment of the Chewing 1a fescue es
pecially in the second year when the nurse-grasses disappearo 

Rutting tests indicate that all of the soil nrlxtures under· .study d,o not 
possess satisfactory stability characteristics when wet . All factors considered 9 

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 discus'sion of 
the turf development on the various soil mixtures . In addition, .methods' employed 
in conducting stability tests on the individual grass plots are presented to
gether with test results. 

*Authorized 
1

for publicaticfo by ·the 'oi're'c'tor of the Michigan Agricultural Experi~ 
ment Station as Journal Article Noo 920 (NoS.) 



The surface· soil waa .removed from an area 40 ft~: wide and ·96 ft. long •1t 
a bulldo~er.. Granular materials consisting of; (1) incoherent sand 7 (2) graded eh 
(3) pit run gravel and (4) processed gravel (lliohigan State Highway ~p~citic~tion 
22.-A) was laid do,m 1n parallel .atrips 18 ino ,deep aQd 10 ft o wide L I north-sou.th. 
directiono 

Additive soil materials were spread in strips eight feet wide, crossing t~e 
four_granular materials in an east-west directiono Th,eae additive ·Jloil mater1a.1a 
co~sisted . f Miami loam surface soil , Brookston loe,m surface soil l m:litures of sub-: 
soil clay and peat and Bell.e.fontaine eianey- loam over'lq on gravel pit -including SIJh 
face material and B horizon down to gravelo Pigure 1 presents a . layout of the test 
are.a showing the positioP, .p.1; 1~e granular base materl~ and the kind and percent
ages of additive soil materiaj.,s used. Figure 2 shows a view of teat area while 
under construction. These aoiJ. materials were ineorporat.ed into the· top six inchea 
of the granular base material~ by mixing over .and over with shovels qntil as hoD'.>
genous a mixture aa possible w~s obtained o 'l'be soil in the teat iu-ea was compacted 
by rolling repeatedly with a cultipacker drawn bye, l+ wheel Case tractor until no 
further consolidation was apparent . An attempt was made to simulate as ne,arly ae 
possible ahoul.der construction conditions on .regµl.ar highwa, projectso 

Fertilizer of a. 10...6-4 gi"ade was broadcast over the area at the rate of 
500 lb. per acreo A grass seed mixture COJDJlOaed of equal parts of Kentucky blue 
grass, Chewing9s f'escue~ and domestic ryegreiss was sown at th~ .rate of 40 Ibo per 
acre~ The fertillie.r application was repQated ~bou,t April let of each yearo The 
grass was allowed to grow w.tthout mowing in .the fall ot 1944 and .since tnat time 
it has been mowed, .four to six ti.niea each year with the ordin,ary' sickle-bar type 
mower. 

The experimental teat .are.a was constructed 1 f'ertilized and sown in August 

Descri tion of Soil te - The ·soil .Il¥!,teriala considered in the in-
vestigation ·are escr:i'.bed ·in ·the to owing m,anner: 

Miami Series: Ilia.mi is a well-drained clay soil, J'&nging in texture from 
a 10am to 'i( silt' 7loam occurring on undulating ·to rolling mr~s and till plains. 
The soil is slightly plastic and easily compacted when 111.)iet , ~ and dusty when 
dry , and soft and sli9k when wet . The soil is in the ":..6 group of Public ~ads 
Administrati0n Soil Olaasificationo 

Brookston Series: Brookston soil is charaote~~ed as a .poorly drained 
clay and ranges in textµ.~e,, .fr9m a loam to a ciay loamo '1.Jnder . ~~ conditions , 
the soil is soft to plastic bllt will be.come tough 'to haila when dry o Thia soil 
falls in Group A- 6 of Public Boads Administration Soil Claa~ificationo 

Belle.f ontaine Series: The su;rf ace soil of B,elletonta.ine ranges in tex
ture from. 'eiirld; 'Io~ '1!.6 $'. 'loamo 'l!h\3 "B" horizo~ is s, reddish brown color .a,nd con.

: sists of a mixture of sand, graV'el and clayo ';rhe quantity of c;,lay' is auff'icient 
to render• the mass st1.oky when mist j moderately hard when dry o The soil falls 
in A-1 group of Publlo Roads ~mlnistration Sbil aJ..asaiticationo 

I ' 1 l 
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Fox Series,~ The surface soil of Fox ranges in texture from a sandy loam to 
a 10am. The FQX a oil is similar to Belief ontaine but is distinguished from it by 
ni:)re nearly level surface features, by a greater uniformity of the "B'' horizon J .and 
a uniform. substratum of stratified gray sand and gravel which contains a high per
centage of calcareous material. The soil falls in group A- 3 of Public Roads Admin
istration Soil Classifica~ion. 

Incoherent Sand: Obtained from the Coloma soil series which ranges in tex
ture from. a sand to a loamy sand o It is loose, relatively low in water holding ca
pacity and subject to winG erosiono F~lls in Group A-3 of Public Roads Administra
tion Soil Classification. 

Graded Sand: A residue washed, sand from a local gravel pit 9 well graded 
from coarse to fineo 

Pit-Run Gravel: C_ 
0

Ho;t'izon .of Bellefontaine Series o 

Prpcessed Gravel 22~A= Road surfacing aggegates without clay binder soil. 
Consists of crushed gravel , and conforms to the grading and phyaical requirementa 
for Michigan State Highway Department's specification for 22~A. 

Cla1: This soil was .obtained from Miami S~ries 1 C Horizono 

~: Woody peat fr.oDL 1ocal -_<l$poaito 

The physical characteristics of the different soil materials have been 
swnmarized in Table lo 

(!.OOTHQ!.1'.Y!!, 

Although there are no adequate standard methods of measuring the quality 
of turf for highway shoulders a.uch as are used in agricultural research for measur
ing the productive capacities of pasture and m.eadbw turf , a.n attempt has been ma.de 
during the past three growing aeaaone to ~aluate the quality of the turf by esti
mating the percentage of grass coverage or , in other -.o~s ~ the density of the 
turf. A turf for highway shoulders is considered to be satisfactory if it ls dis:.. 
tributed fairly evenly over the ground and covers 65 to 70 percent of the surface 
areao Turf which covers 90 to 100 percent of the area may present a more pleasing 
appearance, but it is not necessarily more suitable for ahoulderso The effect of 
the various soil mixtures on the growth of the grass .are shown in Table Uo 

The Kentucky bluegrass did not survive in competition nth the domestic 
ryegrass and Chewing 1 s fescue even in the first year on these soil .mixtureso 

Domestic ryegrass germinated quickly and grew rapidly in the fall of 1944 
and 1945. The growth of the ryegrass was proportional to the amount of finQ ma
terial in the mixtures, an excellent cover being produced on the plots which con
tained the highest percentages of fines. The larg~st growth of grass · in the fall 
of 1944 and in 1945 was produced on plot 42 consisting of 25 percent Brookston 
loam surface soil mixed into the 22-A gravel material o The growth of the grass 
on plots 4l, 12, 24, 36, and 48 was almost as large as on plot 42, o Plot 41 con
sisted of 20 percent Brookston loam surface soil mixed with the 22-A gravel ma
terial and plots 12, 24 , 36 9 and 4S had 6 ino of Bellefontaine s~ndy loam placed 
over incoherent sandp graded ~apd. 1 pit-run gravel, and 22~A gravel respectively. 
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TABLE II. PERCENTAGE OF DIFFERENT GRASSES Ill TURF 
FOR i945, 1946 AND 1947 

INOOHERmT GRADED PI RUN 22-A 

1 '45~ '47 
· SAND GRAVEL PROGE§SED GRAVEL 

13 t 45 t 46 I 4 7 25 145 146 147 37 '145 '46 '47 ) 
F 50 60 25 F .50 .50 .25 F .80 .70 .40 F •·:80 .80 70 
Q 20 20 12 Q . . ,20, 20 22 Q I ~o 22 .. 6p i 9 20 20 JO 
2 14 26 38 
F 50 65 45 F 6o 65 35 F 60 60 45 F 60 75 45 
Q 50 35 55 Q 40 30 65 Q 40 35 55 Q 20 25 5~ 

R 20 -. 
3 15 27 39 
r 65 75 50 F 70 65 35 F 60 60 35 F 60 50 35 
Q 35 25 50 Q 30 35 65 Q 25 35 65 Q 20 45 65 

R .12 - If. 20 1 
f - 4 16 28 40 

F 95 98 100 F 95 98 100 F 70 98 90 · F 50 95 95 
R 5 R 5 Q 0 0 10 R 50 

17 
n JO · 

1J 5 29 
F 80 98 100 F 95 98 100 F 70 90 97 F 20 95 95 

BROOKSTON R 20 R 5 Q 0 10 3 R 80 
R JO 

6 18 3b 42 . 
F 70 98 100 F 60 98 100 F 40 100 90 F 20 95 95 
R 30 R 40 Q 0 0 5 R 80 

R 6o 
7 19 31 43 
F 80 98 100 F 95 100 100 F 65 100 100 F 6o 100 ·100 
R 20 R 5 R 22 R ~o 
8 20 I 

: J 

.32 44 
CLAY-PEAT F 70 100 ·95 F· 95 100 100 F 60100 100 F 50 100 98 

R 20 R 2 R 40 .R 20 
9 21 33 45 
F 70 100 98 F 100 100 100 F 55 100 98 F 50 98 100 
R JO R lt2 R 20 
10 . Z2 ¥ ' 34 I 46 
F 50 98 85 F 60 50 95 F 50 75 90 F 761 75 95 
Q 0 0 10 R 40 R 50 R .30 
R 20 
ll 2:3 I 35 I I 47 I I 

BELLE- F 50 75 85 F 50 .30 50 F 50 40 50 F 50 80 95 
FONTAINE Q . ..10 15 15 Q 10 50 45 Q 10 40 40 Q 10 10 5 

R 40 R· 40 R 40 fa ~o I 

36 12 24 
F 20 75 60 F 20 45 50 F 20 35 50 F 20 50 50 
Q 20 15 .35 Q 20 45 45 Q 20 50 45 Q 20 35 50 
R 60 A1 60. R 60 R 6o 

I , I ff. J I I I I 1 I I 

F = Ohewing 1s fescue Q = Quackgrass R =: lqegr•sa 



·0hewing 1s :fescue was the OfU.l' grass that survived to aey_ext.ent in 1945 on 
plots 16 to 21 inclusive. These plots are the ones in •which B:r;-ookston loam sur
face soil and mixtures of clay and peat are added to the graded sand base materis,_1 
It was th~ dominant grass on all plots on dune aand, pit.;.run gravel, and 22-A gra..v.• 
el base in 1945 with the follo~'ing exceptionsc (1) B;ye~ss predominated on all 
plots on·which 6 ino of Bellefontaine sandy loam was placed over the ba,ae material; 
(2) Ryegrass predominated on the 22-A gravel base ma\el"ial to :which 20 and 30 per
cent Brookston loam surface soil was added and on the pit-run gravel material in 
which 30 perc_ent Brookston loam surface soil was added. 

The turf on the plots in which 75 and 100 percent BQUefontaine sandy loSJn 
and those in which Miami loam surface soil was ~dde.d contained from 10 to 50 per
cent of quackgrass. · Roots and rhizomes of q~ckgasa we_re introduced into these 
plots with the Miami and Belle~ontaine surface so;tls. Some weed seeds, plantain, 
sorrel, dock, dandelions, and thistles were likewise introduced with the surface 
soilso These weeds have reproduced and grown vigorously in the turf, especially 
on the plots in which Bellefontaine sandy, loam. was 1¢ged to the gr~ular base ma
terials. 

During the growing aeason ot 1945 and the following wint.er, ~ll of the 
domestic ryegrass disappeared from the turf. The net resal.t waa that the turf 9 

on plots on which the lUXUl"iant growth ot the domeatic .r,-egraaa retarded tI1e 
growth of Chewing'a .f'eact1e, became very thin with incomplete coverag~ of the sur
face in 1946. Thi.a was especially true of the plots :Id.th Z2-A graded gravel, pit .. 
run gra~el, a,nd graded a.and material.a in which 20 .a.nd 30 pe-rcent of Brookston 
loam surface .aoil were mlxedo 

T.he turf on almost all 0£ the plots except those 1r.i th the incoherent sa.nd 
base material deteriorated during the 1946 growing seal:lon J>eo~use of the extremely 
low rain.fallo The total r~ f~m June 20 to Sept~er 1 was approximately 
005 inch. Chewing' s rescue and qua,ckgrass, two gra,,s,es that .are ax:t.remely drought 
tolerant, i.eo, they became dormant during drought periods .and recover quickly 
when moisture is again available recovered remarkably d~ing ~he ta:µ. of 1946 and 
the growing season of 1947. The moisture conditions 1n 1947 were extremely fa_ ... 
vorable for the growth of grasses. 

The qua._ckgrass i.ntroduced with the Miami loam and Bellefontaine sandy 
loam soils grew vigorously in 191+7, a sQaeon of relativel,y .b,igh rainfall, especi
ally in the springo The quaokgrass grew so "{igorously on the plqts in which 
AU.a.mi loam surface soil was added that the turf contained at least 50 ·percent 
quackgrass except that on the plo~ consisting of 10 percent lliam:1. loam mixed 
Yd.th 22~A gravelo On the plots in which Bell~fo.ritaine 1'as .apded to · the grann
lar base materials the proportion of qua,ckgrass in the turf was influenced by 
the soil mixtures. There was Qnl.y a very sma.11 amount Df quackgr~ss in one 
of the plots containing 50 percent Bellefontaine sandy loam, 5 to 4.5 percent 
quackgrass in the plots containing 75 percent Bellefontaine sandy loam, and 
35 to 50 percent in the plots containing 100 percent Bellefonta,ine sandy laamo 
.. 

• 
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P}@CEN,T T~ CQYffllgE 

The quality of turf for shoulder purposes ia_refiected in the· density of 
,rerage of t~e soil surface rather than in the total growth of the grass. The 

costi,mated densities of the turf coverage on the plots for the years 1945, 1946, 
~ 1947 e,re shown in Table III. These data indicate the effect of the soil, ot 
the seasonal climatic conditions, and of the grass varieties used in the aeed mix
tures and introduced as vegetative mterial with the surface soil on the turf o 

From the data given in Table III, it is noted that satisfactory ~lnray 
shoulder turf was produced in 1945 on all of the plots containing 22-A gravel ma
terial, and on all plots in which 30 percent lliami loam, :30 percent Brookston loam, 
or 75 and 100 percent Bellefontaine sandy loam were used as additive materials with 
the incoherent sand, graded sa.nd, or pit-run gravel base materials. Likewise tne 
turf was satisfacto,-y on the two plots in which 10 and 20 percent Brookston loam 
-..a,s , np.xed with the pit-run gr.a.,uu ba.Qe materialo 

The turf on the 22-A gravel and the incoherent sand base materials was 
satisfactory for highway shoulder purposes in 1946, with grass ooverages ranging 
from 60 to 90 percent of the aurfaoe. Likewise the turf , on all plots in which 
20 or 30 percent lttami. loam surface soil was the additive material, was within 
the satisfactory range, ltlth 6o to 90 percent grass cover~eo The same was true 
of all plots in which the granular base materials were covered with a layer of 
6 in. of Bellefontaine sandy 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 
gravel and on the incoherent sand base materialso Ukewise the turf produced on 
plots in which clay-peat mixtures were used as the additive soils were not as 
satisfactory, generally, as that on the plots in which the loam and sandy loam 
surface soils were used. However, the turf on the plots consisting of pit-run 
gravel and graded sand base materials, in which Brookston loam was a,dded, was 
very poor in 1946. This was because of the domination of the ryegrass in the . 
early stages of establishment on these soil m:i,xtures and of its subsequent dis
appearance from the turf. 

The growth of the grass was much improved generally during 1947, .a season 
of relatively high re.inf all, ~specially during the spring and 68,rly sumner. Turf' 
was so thin and scattered as to be termed unsatisfactory on only seven plots, 16, 
19 , 20, 21, 2.8 , 30 , and 31. The soil mixtures and turf coverages on these plots 
were as follows: 

(16) 10 percent Brookston loam wit.h graded sand, 55 p.ei,cent coverageJ 
(19) 10 percent c],V,',.plJls 5 perc~nt i:,ee.t with graded sand, 25 percent 

coverage; 
(20) 15 percent clay plus 10 percent. peat, with gra.ded sand, 35 percent 

coverageJ 
( 21) 25 percent clay plus 15 percent peat with grade·d sand, 55 percent 

coverageJ 
(28) 10 percent Brookston loam nth pit.run gravel, 6o percent coverageJ 
(30) 30 percent Brookston loam ltlth pit-run gravel, 50 percent coverageJ 
(31) 10 percent clay p}us 5 percent peat with pit-run gr~vel, (:I) percenfi 

coverageJ 
Satisfactory turf was produced on all plots with incoherent sand or with 

22-A graded gravel base materials r egardless of type of additive soiL 
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TABLE III.- PERCENT OOVERAGE _OF TORF 1945-1946-1947 

22- A 

1 25 ,37 
0 60 0 6 60 60 
2 2 38 

h:5 70 100 50 65 1oq 22 zo 100 62. 70 
3 15 ' 27 ' 39 

65 70 100 ~~ 65 100 
- ! 

... 
4 

65 
28 

zo 
0 95 zo 

40 
70 

A~" 65 8.5 JO, 22 ,22, 60 ~o 60 zo zo 
BROOKSTON 

I 

17 29 
I 

.41 
I 

5g 75 92 ~~ 60 65 75 
30 

lJ..O 65 82 
42 

75 

I I I, 6? 75 I 95 60 
19 

b,O :Z5 80 
31 

2j 20 "B 75 
AO 70 85 30 - 20 25 55 /J;O 60 60 60 
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I 

I 20 I ; 4 
I 32• I ' I 

44 
I 

!:t,5 Z5 25 JO 20 22 ,20 !:t,O zo 60 70 90 
9 

I 

21 33 45 -
55 '.Z5 95 25 20 55 55 A2 70 60 60 95 
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I I 

22 34' I 

4'6 I I 4 .., 

~ zo 100 50 AO zo_ ; 55 ~o ].5 70 60 95 
BELLEFONTAINE I I 23• I I 35 47 

75 85 100 75 !:IP 20 §~ 2,0. 11' 9° 7.5 60 95 
12 24 ' 48 
90 20 100 90 80 100 90 '15 100 90 Z5 100 
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STABILITY Ql GRASS PLOTS 

One year after the grass plots were constructed and seeded, two types of 
stability tests were conducted on the grass plots t o determine their abi lity to 
support loads under dry and saturated conditionso The first series of tests con
sisted of applying a static load through a 100 sqG ino bearing plate and measuring 
the amount of penetration at different load incrementso The second series of teats 
were made to check the resistance of the grass plots to ruttingo Thie was accomp
lished by driving a heavy truck across the plots and meaauring the depth of the rui 
caused by the moving wheele o 

The plate bearing tests Jfere made ldlen the soil was in a normal dry condi
tion, whereas the truck tests were conducted when the soil ~s both in a dry and 
in a saturated conditiono 

Flate Bearing Tests - A five ton truck was loaded with gravel and other ballasto 
ft was backed into such a position that the rear of the bo~was .above the area to 
be testedo The 100 sq. ino plate was placed on the ground and worked slightly 
until it rested 'in a level positiono An angle iron frame supporting a Federal 
one-thousandth dial was moved into place so that the dial stem was at the center 
of the plateo A slotted cylinder was placed over the dial and adjusted until 
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dial face could be read through an opening. The cylinder was capped by a spec
ib~ plate to which a hydraulic jack was attached. A calibrated dynamometer rirrg 
i a fastened to this assembly, and the upper fitting on this ring reacted against 
"1ascks under the truck box. A general view of the apparatus is shown in Figure 3 
b o b . F" 4 and details may e seen in igure • 

After a small preliminary load had been applied to seat the plate , the bear
W plate was loaded. Five hundred pound increments were applied in fairly r apid 
equence. As soon as the dial showed no further settlement the next increment of 

~oad was applied. This was repeated until the limit of the dial travel was r eached. 
Graphs were constructed for each test, but for comparative purposes the subgrade 
modulus 11k 11 for a 2500 pound load has been tabulated in Table IV for each grass 
plot. The soil moisture condition was noted at the time of test. The bearing 
plate tests were made only under normally dry soil conditions. Only one series of 
penetration tests was conducted . 

Rutting Tests - The second test for stability of the grass plots was con
ducted by driving a loaded truck over each plot and noting the depth of the wheel 
rut . The load used was 10,000 pounds on a rear axle suppor ted by two 10.00-20 
t:· res 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 picture of a sec
tion of low stability. Figure 6 shows a more typical rut. Because of difficul
ties encountered in getting the truck over the plots only one run was attempted . 

The effect of the passage of the truck was measured by using profiles. 
Reference stakes were driven each side of each plot. A straight edge was placed 
across these stakes and at six inch intervals vertical measurements were made 
with a scale to the ground. Profiles were made before rutting, after rutting 
in the dry state, and again after rutting in the saturated state . The data 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 materially to the stability 
of the soil base material. However, the tests do show the relative stability of 
each grass 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 adding certain top soils to incoherent or granular base 
materials to produce stability and plant growth and (2) a comparative study of 
granular materials for shoulder work. 

Figure 7 contains a graphic summary of the load test data showing the 
subgrade modulus 11k 11 factor for each plot area including both types of tests and 
for depth of penetration for each test condition. As a means of evaluating the 
four different base materials on basis of stability, the average 11k11 factor was 
determined for each soil base group by averaging the 11k 11 values of the respec
tive plots for all thr ee sets of tests . The average of these average 11k 11 values 
was used as a basis for sel ecting the b.est base material. The average 11k11 factor 
for the four base granular materials was found to be as follows : Incoherent sand 
44, graded sand 50, pit-r un gr avel 79 and 22-A gravel 100. The plots having a 
11k 11 factor above average are now clas~ified in Table VI in order of their perform
ance. 
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Figure J. Method of conducting bearing test . 

Figure 4. A view of plate loading device . 

I I 
I 
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TABLE IV. BESISTANCE. OF TURF TO BF.ARING PIATES (lOO SQ:a IN.) 

Load - 2500 lbs• 

Penetration Penetration 

fl£~ NO• 
{inches} ~ I Moisture Plot ljoo {inche,s} ftklt ~ Moisture 

l 0.540 46 D 25 00200 125 A 

2 0.1+90 51 D 26 Onl52 164 A 

3 0.800 31 ,D 27 Ool06 236 A 

J+ o.640 39 ·D 28 Ool58 158 A 

5 0.335 75 ..D 29· 0.185 135 A 

6 0.435 57 D 30 0.167 l50 A=2o67 

7 0.520 48 D 31 00205 122 A 

8 0 .,44() 57 D 32 Oa500 50 B 

9 0.230 109 D 33 0.575 43 · B 

10 o.480 52 C 3.4 00582 43 B 

11 0.610 41. 0 35 0.390 6l+ .B 

12 0.900 28 C 36 60670 37 B 

13 0.240 104 D 37 0o087 . 287 A 

14 0.250 100 D 38 0.110 227 A 

15 0.235 106 D 39 Ool.40 179 A 

16 0.440 57 D l+O 0.193 130 A 

17 0.325 77 D l+l 0.,162 154 A 

18 0.350 . 71 D 42 Oo250 100 A=4 .. ll 

19 0. 375 66 D .43 0.160 156 A 

20 0.570 44 D 44 00590 42 B 

21 0.480 52 D 45 Oo520 4S B 

22 0.350 71 C 46 00360 69 B 

23 0.430 58 C 47 Oo220 ll4 B 

24 Failure 0 48 0.,545 46 B 

Moisture Code(% lloistu.re) 

Plot 6 Plot 18 Plot 30 Plot 42 

A 3.83 5.53 2.67 4.,u 

B 10.25 e.u .4.,68 6.26 

C 10.22 llol6 5.23 5.85 

D 10.01 7.39 4. 85 4., 59 

k ~- Xpz P == Load in pounds 
A = Bearing area in squar e inches 
z == Penetration in inches. 
k = llodulua of subgrade et.if!neas 

in pounds per cubic inch. 
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Figure 5. General view showing penetration of 
truck wheels into dry plots containing graded 
sand and 10% Vd.ami top soil. 

Figure 6. Plot No. 16 showing rutting when 
area was wet. Graded and with 10% Brookston. 
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TABLE V. RCmlTAROE OP TURF TO JWT'l'ING 

I,oad 5,000 lbs. per wheel (10,000 lbth on rear axle - 2 wheela) 

Rut Depth % Koieture Rut Depth % Moisture 

~ 
in. (dry) "k" (d9;) !q. (wet) Rklt (wet) ► - -

l 3.5 20 1.9 37 8.7 

2 2.6 27 2.8 25 

3 1.3 54 3.1 23 

I+ 1.9 37 4.0 17 

5 1.4 50 3.2 22 

6 1.1 64 3.83 2.2 32 20.6 

7 2.4 29 3.3 21 

8 2.7 26 3-l+ 21 

9 1.6 44 2.5 28 

10 1.6 44 3.2 22 

ll 0.4 175 2 o4 29 

12 o.a S7 5.0 14 18.1 

13 5.3 13 2.4 29 7.8 

14 3 -4 21 2. 8 . 25 

15 2.0 35 5.53 2.7 26 

16 3.4 21 .3.6 19+ 

17 3.9 18 4-._2 17 

18 2 .0 35 2.3 JO 11.l 

19 3.5 20 2.9 2./4 

20 2.2 32 2 •. 9 24 

21 1.9 37 2.5 28 

22 0.5 140 3.3 21 

23 o.6 117 1.2 58 

24 0. 3 233 4 o2 17- 17.7 

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 35-

30 0.3 233 2.67 2.0 35 .a.1 
31 .1.2 58 2.0 .35 

32 1.8 .39 2.9 24 

33 0.3 2.33 3.0 23 

34 0 .3 233 2.2 32 

35 0.4 175 2.0 3S 

36 0.4 175 2 .8 26 19.1 

37 0.5 140 3.6 19+ 

38 0.1 700 3.4 21-

39 o.o 00 2.8 25 

40 1.0 -70 2.9 24 

41 0.4 175 2.9 .24 

42 0.7 100 4,.11 3.0 .23 

43 0.4 175 2.9 24 

44 1.1 64 3.2 22 

45 0. 2 350 2.1 3) 

46 0.3 233 2 .;0 35 

47 0.4 175 2.2 32 

4S 0.2 350 3.8 ]8+ 1'1-7 
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The data in Table VI indicate that the overlay from gravel pits in Belle
tontaine sandy loam produces very stable shoulders when mixed with incoherent 
,and graded sand and pit-run gravel materials. The highest stability in the in
cohe;ent sand group wae found in plot 11 1 in whl.ch 75 percent Bellefontaine sandy 
ioam was mixed; the highest and next to highest on graded sand on plots 22 and 2.3 
,dth 50 percent and 75 percent Bellefontaine sandy loam respectively; and the 
,econd and third highest on pit-run gravel on plots 34 and 35 with 50 percent and 
75 percent Bellefontaine sandy loam respectively. 

High stability was produced, likewise, on incoherent sand with the mix
t ure of 25 percent clay and 15 percent peat in plot 9 and with 20 percent and 30 
percent Brookston loan. surface soil in plots 5 and 6; likewise with 20 percent 
and 30 percent Miami loam surface soil in plots 14 and 15 on graded sand base; 
with 25 percent clay plus 15 percent peat in plot 33 and with 30 percent Brooks
ton loam surface soil in plot 30, both on pit-rwi gravel. 

Good stability was given b~ the addition of 15 percent and·25 percent 
Miami loam, 15 percent Brookston loam, and the mixture of 10 percent clay and 5 
percent peat on 22-A gravel. 

An interesting stability relationship among the tour granular base ma
terials is shown in Figure 8. The data in Figure 8 indicate that shoulders in 
which 22-A gravel is used will be more atable than those with incoherent sand, 
graded sand, or pit-run gravel materials. 
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TABLE VI 

SUMMARY OF TURF PLOTS WITH HIGHEST STABILITY 

at- Incoherent 
ng 

l 

2 

3 

4 

,1 

Sand Graded Ba.nd Pit Rwi Gr vel . 22'l"'A Gr 
lot Added Soil Turf Plot Added Soil Turf p ot Added Soil Turf Plot Add 
Noa Cover- Non· · Caver- Noo Cover- Noo So 

a e a e . a e. 
75 5 5 50 3 

11 Belle- 100 22 Belle- 70 30 Brooks- 50 
£on- fon- ton 
taine taine 
Clay 25 45 75 75 0 55 

9 Peat 15% 100 23 Belle- 90 34 Belle- 75 
fan- £on-
taine taine 

30 5 .3 5 75 75 
6 Brooks- 100 15 Miami 100 .35 Belle- 90 

ton fon-
taine 

2 40 2 50 25 Cla.y 1 
5 Brooks- 85 14 Miami. 100 33 15% Peat Clay 

ton 5% 
. Peat . 

Minimum coverage for satisfactory service consider ed 
percent coverage for 1945 9 bottom figure 19460 · 

Top· figure 

CONCLU~ 

Chewing I s fescue which ia tolerant of droughty soil conditions proved to be 
an excellent grass to plant on sandy and gravelly shoulder .materials when suit.able 
stabilizing soil was added. 

Miami lorun, Brookston loam~ mixtures of clay and peat, and Bellefontaine 
sandy loam have all been found t.o be satisfactory for mixing with sandy and gravelly 
base materials for the production of turf. The Mia.mi loam surface aoil and the 
Bellefontaine sandy loam overlay from the gravel pit in thi~ case ha.d the added ad
vantage that they contained a large amount- of qua.ckgrasa roota_and rhizo.lf18so The 
establishment of the quackgrass in these plAn,ts, especially where Miami loam was 
added~ aided in the development of a u.n,iform, thick turf o ·· 

SubsOii.l clay to furnish binder~ and peat to furnish organic mat.ter mixed 
with the coarse sandy and gravelly base materials will produce turf successfully 
except on washed graded Sando However feacue should be planted alone to eliminate 
competition from nurse-grairnes and larger applications of fertlllzer made to make 
up for the lack of organis;ns and plant food in the mw subsoil materials~ 

Brookston loam surface soil ~as found to be satisf~ctory material to mix 
with the various granular materials for the growth of graaso However the seed 
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J]li)ttures should be adjusted so that the so-called nurse-grass (in this case domestic 
e-grass) does not grow so vigorously that it retards the establishment of the 

~rraanent grass (Chewing's fescue). 

Generally, Chewing's fescue should be planted alone on highway shoulders con
taining coarse sandy and gravelly materials . When domestic rye-grass or other so 
called nurse grasses are seeded in the mixtures they germinate quickly and produce a 
rapid early growth. 

This tends to retard the establishment of the Chewing's fescue to the detri
ment of the turf in the second year when the rye-grass disappears. This was especi
ally true on the plots where the larger percentages of fines were added and on the 
graded sand and pit-run gravel where clay-peat mixtures were added. However, when 
smaller percentages of fines were added, the r ye-grass blended well with the fescue 
to produce a good cover in the first year without having a detrimental effect on 
the turf in the second year. This grass should likewise be sown alone on 22-A 
gravel material where 20 percent and 30 percent Brookston loam has been added. A 
mixture of three parts Chewing1s fescue and one part domestic r ye-grass could be 
used effectively on all other soil mixtures added to the 22-A gravel material. 

Kentucky blue grass did not survive in the turf under the conditions of 
this experiment. 

There was good correlation between the bearing plate tests and the rutting 
studies . In general the plate tests were less severe than the rutting tests. 

The 22-A gravel material in addition to producing satisfactory turf ltith 
all added soils, was found to exhibit greater st ability than the 0th.er granular 
materials . 

Bellefontaine sandy loam, 50 percent and 75 percent mixtures produced high 
stability with incoherent sand , graded sand, and pit-run gravel. Likewise the turf 
was considered satisfactory on these plots. 

Good stability was pr oduced on incoherent sand with 20 percent and 30 per
cent Brookston loam; on graded sand with 20 percent and 30 percent Miami loam; on 
pit-run gravel with 30 percent Brookston and with a mixture of 25 percent clay 
and 15 percent peat; and on 22-A gravel with 15 percent and 25 percen~ Miami loam, 
with 15 percent Brookston loam, and with a ndxture of 10 percent clay and 5 per
cent peat. 
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DISCUSSION OF PROGR&SS REPORT BY TYSON~ FINNEY 

(Qu~stions were addressed to the co-author, lire Finney) 

Isn't compaction by- cultipacker insufficient to provide a stabilized sho\ll.-
der material? Was a heavy roller used at any time? 

No roller was usedo A cultipacker was used , which was pulled 
by a four-wheel Case t ractor. Thi~ was done to give compaction 
comparable to normal tompaction on highway shoulders under pres
ent practices. 

Were density determinations made? There. should be a uniform method. of de-
termining densities. What is the simplest method o! obtaining densities? 

No density tests have been made , but are planned on this or 
subsequent work. The methods of determining density aa spec
ified by the ASTM and AASHO are accepted by soils engineers 
generally. Determinations are made in increments rather than 
full depths. 

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

It may be that both are not necess~ry. 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 com
parative basis with other data accepted by engineers. It 
is also of value to correlate with rutting tests . 

Change i n seed formulas might be valuable as the percentage ot rye grass 
used was evidently too high. · · 

Tentative plan is to try other seed mixtures . 

Were mulches used? Use of mulches might ~equality of t~f and u:tend 
seeding season. · · ' 

No mulches were used, bu.t might be incl.uded in futur-e te%:lta. 




