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.SYNOPSIS 

In the development and construction of military air.fields~ 
the Corps of Engineers has been faced with the necessity of con­
structing stabilized shoulders for airfield pavements and pro­
viding suitable turf' cover thereon. War time construction of 
this type in the Florida sands indicated that satisfactory sta­
bilization was ~ccOJDplished by- addition of limerock and th.at a 
good turf could be established on the stabiliz~ surface o 

To aid in establishing apecifio design criteria tor such 
construction, investigations have been undertaken to determine 
the relation of the type of base material, thickness of base, 
degree of compaction, and rate of fertilization to the produc­
tion of turf on varioua stabilized soils and the relative ef­
fectiveness of the turfed area developed by the different 
treatments for supporting ve.rious wheel loads·. 
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Turfed areas of. high load bearing capacity were required during the wa,r 
training period f or the safe operation of military aircraft and ml.litary vehicles. 
Many natural soils encountered while providing these areas were relatively un­
stable. Although no design criteria were available upon which to base construc­
tion methods, the results of strengthening the soils were such that the Corpe of 
Engineers recognized the possibilities of the procedure and initiated several in­
vestigational projects described in this paper which it is hoped will lea.d to 
definite design methods . 

This report is not intended as a technical discussion of base design but 
rather as a swmnary of stabilized turf base construction and the subsequent in­
vestigation. It is presented for the purpose of £ocusing attention on the fact 
that the development of turf on stabilized bases without topsoil is practicable. 
It is believed t hat the information has practical application in e:ny- construction 
where turfed areas of high load bearing capacity are desired. 

War Construction - The majority of the soil stabilization work accomplish­
ed during the war was for the purpose of strengthening sandy soils, especially in 
the coastal areas of the southeastern United states . These soils normsJ.ly have 
the lowest bearing capacity during periods of low rainfall, which is also the 
period of greatest operational activity. Stabilization was em.ployed principally 
to provide runway and taxiway shoulders and end zones of sufficient strength to 
support occasional aircraft traffic . It was used also in the development of turf 
landing areas for light and medium weight aircraft . Road shoulders were stNngth­
ened where weight and volume of traffic dictated o 

Strengthening of the noncohesive soils was accomplished by the incorpora­
tion of an a,ggregate or binding material into the natural soil or by placing a 
layer of selected material on a compacted aubgrade. Stabilizing materials which 



were field tested included limestone, shell , sand clay, and marl. Available ~and. 
clay was of poor gradation and contained insufficient clay. Marl softened under 
conditions of extreme moisture and shell lacked required gradation. As a conse­
quence li.merock was used as the stabilizing ag~nt for the .majority of this type 
of work. A general description of limerock stabi.1.iz~tion as practiced in Florida 
is presented as typical of the procedure. Table No. 1 is a tabulation of data con~ 
earning the construction of the projects mentioned herein • 

Location 

Florida 

MacDill 
Fldo Fla. 
MacDill 1 

Fld. Fla. 
I 

_Ma,xwell 
Flld. Ala. 

Maxwe.l:l 
Fld. Ala. 

· Nahant, 
Mas~ . 

Nahant, 
ilasa. 

Lafayett'e, 
Ind . 

. TA§LE 1 
WCATION AND TABJJLA.TION OF DA.'l'A CONCERNING 

STABILIZm AND TURFED !RF.AS CONSTRUCTED BY THE :OORPa 0,. mom.ma 

1 
Topsoil Ba'se ' $upgrade ' Grass 

I :ate&& 1teot~ Ms.t8l'ial De'Pth 
ne Lim'erook 3'ir ' 

1 
• ii'.edium to' B1ermud~1 

iion~ 

None 

' · ·None' 

~am& 
Pea 
Gravel 
Loam & 
Pea 
Gravel 

I 

. & Sand 3" . Fine Sand 
Sand 8~ iiedI'um 'to 
C;!!z , · Fine S:fo 
I:lrnei-t>ok 9 1'bR ' ' Jledium o 
~ Sand Fine~ 
Coheaion- ( '6tt Plast c' 
less S-and 10" Clay 

, ~=~e,l 1 • ~: Plastic 
Pl~tic 10~ Clay 
Cla~ Gtvl ~n 
Pi trun 1 -U · Impervious 
Pea Bitumen 
Gravel, 
3/8" I 

Oro lock 

~ Qla't · 
Gravel 
Limestone 
Traprock 

1811 I ' Impe1
rvioiis

1 

Bitumen. 

· · · · Plastic 1 

I( 

It 

n 

Bermuda 

Bermuda 

0 I t ~, 

· 'Bermuda 

'Red' 
Fescue 

Red' 
Fescue 

''I'ypical1 

Cool 
Climate 

• f 

Grasses , ' 

t . 

l; 

. ' 

$ t. 

Florida soi.la are generall.y' noncal.ca.reous sands and clays, graded from 
medium to fine and of uniform grain eize and relatively low bearing •yalue when in 
an unconfined state. Subgrade fo,rmations consist of limerock, oolite rock, apd 
marine deposits of sands and clays. Outcroppings of limerock in central Florida 
and of oolite rock in the Miami a,rea are not uneonmon. Along the west coast .and 
inland from Tampa south there is usually a stratum of ~pan several feet below 
the surface, causing a high water table. Where deep sands occur the water ta,ble 
is generally low. 

Stabilization a,nd grassing procedure were a.s toll.owe: 

a. Type and asnount of stabilizing material. to produce the .desired re­
sults were determined by laboratory test of the soil to be stabilized. 
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b. Rocks or boulders' within twelve inches of th~ surface and unsta.ble ma­
terial were removed and replaced with selected material. 

c. The required amount of stabilizing materi~l wa.s spread uniformly over 
the soil to be strengthened and incorporated to a uniform depth of six inches . 

d. Sufficient water was added to develop maximum densityo 

e. The surface was then brought to grade and the grass planted. 

f. Area was compacted with rubber-tired and smooth rollers until desired 
density was attained. ' 

Bermuda grass was used for practically all planting on li.m.Etrock stabiliza­
tion. Fertilizer was applied during incorporation of the li.merock. Bermuda gra,ss 
sprigs were planted in rows prior to compaction. During the early part of the pro­
gram Bermuda grass seed was planted after the initial compaction fSS_accompliahed. 
Later it was determined that seed could be successfully planted prior to any com­
paction provided ru'9ber-tired or smooth rollers were used. If a companion crop 
was used it was s~~ded prior to compaction • 

Little difficulty was encountered in establishing Bermuda grass turf on 
stabilized soils. Natural low fertility of the native soil, aggravated by the ad­
dition of large a.IOOunts of infertile aggregates, made the use of heavy applications 
of fertilizer necessary. During the early part of the planting program the most 
read~ availab.lEI grade of nitrogen bearing fertilizer was used . Grades included 4-8-
6...2 .. 0, 6-8-4, 8-6-4, and 10-6-4 containing as high as 40 percent organic nitrogen. 
Fertilizer for later plantings was generally standardized at 6-8-4 and 8-6-4 con­
taining from 10 to 20 percent organic nitrogen. Rate of application was adjusted 
to apply from 40 to 60 pounds of nitrogen per acre per application. Although 
tests conducted during 1942-43 il"ldicated that inorganic nitrogen on Bermuda grass 
gave equal or better results than the more expensive organic nitrogen, the contin-
ued use of a small percentage of organic material was required as a conditioner of 
the green fertilizer materials. Maintenance fertilization was done primarily with 
inorganic nitrogen in the form of ammonium nitrate or nitrate of soda. Sixty to 
100 pounds of nitrogen per acre per year in two applications was collD'.D.on practice. 

Investigations which indicated the desirability of inorganic nitrogen on 
Bermuda grass on sandy soils also indicated that repeat applications of phosphate 
or potash gave no appreciable response, nor could immediate effects of -the minor 
elements be detected. 

As previously noted, planting consisted of sprigging and seeding Bermuda 
grass . Most sprigging was aocomplished with planting ma.chines which provided for 
the application of water into the row and immediate coverage of plant material 
with soil. Overseeding with the Bermuda grass was a safety factor to assure a 
successful planting. Whether preponderance of plants came from seed or ~prigga 
depended primarily on weather conditions. 

Stabilized are~s resulting from the above described treatment were ~de­
quate for supporting all aircraft up to and including the B-.29 having a gross 
load of approximately 135,000 pounds o Results of the evaluation o! one typical 
airfield after establishment of turf are indicated in T~ble 2o 
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TAB~ ,2, 

RF.sULTS OF EVALUATION OF A TIPICAL FLORIDA AIRFIELD 
AFTER THE ~TABUSIJQ-rr OF BERMUDA GRASS ON LIUEOOOK STABILIZAT:wN 

I • 

Test 'No. . j I % 11.6£.s't:ure I )' I Density I I' CBR '' '-' I, Stab'ilized , I ~ 

1. 
2. 
3. 
4. 
5. 
6. 
7o 
8. 
9. 

10. 
11. 
12. 
13. 

Aver age 

4.0 
5.7 
6.0 
4.3 
5 • .3 
3.5 
6.1 
3.7 
3.4 
5.5 
5-A 
3.0 
3.9 
4.6 

' .. ' 

, < ; I 

,i I 

J..+0.0 
109.0 
n2.7. 
110.5 
109.2 
116.3 
11.6.3 
111. 5 
114.7 
·109.0 
109.9 
112.8 
ll2 .. 0 
111.9 

I 
I ' 

Pl I } I . 
Depth in Inches 

'' ·' ) I O ; • ; ,, h 
6.5 
6.0 
5.5 
5.5 
5.5 
6.0 
5.5 

.5.0 
6.o 
6.0 
7.0 
6.o 
5.0 
5.8 

,i I I .. ,, I V .. .. I , • I , 

other typical test data are presented in Figures 1 thru 6. Figure 7 illustrates 
photographically the ability of limerock stabilized soils to withstand the re­
peated impact of landing aircraft. The tire marks in upper photograph are .trom 
aircraft which have landed short of' the runway. The two lower photographs show 
tire marks of B-29 aircraft which landed on the shoulder and rolled onto the pave­
ment without damage to the aircraft. 

Investigations - In 1945 two sections were constructed to secure supple­
mental data for the purpose of developing design criteria .tor the construction of 
stabilized turf areas o Specific objectives were to determ!ne the relation of type 
of base material, thickness of base, degr ee Qf compaction, and rate of fertiliza­
tion to the production of turf on stabilized soils and the relative effectiveness 
of the turfed area developed by the different treatments for supporting various 
wheel loads . 

Turf Shoulder, MacDill Field, Florida - A section incorporating limerock 
and .sand cla,y ba,1S:es was' construcited 'at ila'cDill Field , Florida, on a ball bearing 
sand subgrade. Construction was similar to that which would be employed in .actual 
development of a t raffic. area. All vegetation was removed. Unstable subgrade ma­
terial was replaced with a selected subgrade sand. Limerock and sand were mixed 
in equal portions to provide a six-inch compacted base. The sand clay base was 
placed in an eight-inch layer in an excavation .which would bring the two bases to 
the same finished surface elevation. Fertilizer ( 6-8-4) was applied at rates ot 
500, 1,000, and 1,500 pound.a per acre in six longitudinal lanes. The entire area 
was sprigged to Bermuda grass in 26-inch rows and overseeded to Bermuda gr~ss. 
Each base was divided into three transverse lanes to receive light, medium, and 
heavy compaction. The plasticity index of the blended sand clay, shown. in Table 
3, indicates that . the material will be unstable undt:tr conditio·ns of higW 100isture. 
This is confirmed by the plastic flow which occurred in this base under traffic. 
Mechanical analyses of subgrade and base materials are shown in Figures 8 and 9. 
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Turf Shoulder I lla.Dell Field, Alabw - A runway shoulder section was con­
structed at Maxwell Ffeld, Alabama , for a study 0£ the developm.ent of stabilized 
turfed bases on a plastic ·su.bgrade. Base ma.terials consisted of a noncohesive sand 
gravel and a low plastic clay gravel. Base materials were taken from. a pit at the 
site and blended to secure the desired grad.at ionso The co~truction and testing 
of the section were similar t.o that at MacDill Field, Florida. 

I 
Base materials were placed in parallel lanes sepa,;rated by a thirty--foot 

'ftide work a.rea. E:ach _lane was divided transversely into thr~~ sections and the 
'pase .constructed to depths of six, ten, and fourteen incheso The subgrade was ~­
ci11,vated sufficiently t ·o bring the finished surface to the B8lllft general surface ele-
vation. · · 

Each test section 1"8S ~prigged to Bermuda grass and the en·Ure test a,re~, 
including work lane, was seeded to Bermuda grBJJa Sit the rat.a of ten pounds per 
acre. Fertilizer (6-8-4) was applied in longitudinal lanes to es__ch base material 
at the rates of 500, 1,(X)(), and 1,500 pounds per' acre. No fertilizer was ~plied 
to the work lane. 

Ea.ch base thickness received three degrees of compaction at .right angles 
to the fertilizer lanes. Oons~ruotion operations are ill~st~ated 1n Figure 13 • 
PbYsical properties of the subgrade, l:>aae ~tel"ials, and the final blends are 
given in Table 5. Particle size distribution for the .t:Lnal blends a.re shown in 
Figures 14 and 15. 

Planting was completed on 14 August 1945 o A pl"f'l] :I rn1 DE\'7 traffic teet ~a 
made during April 1946 prior to the establishment of a t.urf . A aecond traffic 
test was conducted on 27 September 1946 ~sing a C-46 aircraft having a •h~el 1o~ 
of approximately 23,000 pounds. 

The subgrade on which the runway- shoulder is constructed has the lowest 
stabi lity during periods of extreme mistureo For this reason tr~fic testi ng na 
performed following a prolonged wet period. Precipit~tioh prior to testing is 
shown in Table 6. 

Moisture cont.ant of base and aubgrade a,t tw of test i~ given in Table 7 .. 
Density of the materials is shown in T"able 8. 

As at MacDill Field, the aircraft used for the traffic teat. 1'8.a t¢ied 
under its own power in a predetermined ~rack pattern ·deaigned to apply repeat 10'4-
ing to the same area. Three lanes were laid out on each base .materi1ll. and 6, ll, 
and 16 passes , respectively, were made ovEU- the three la~ea. Crose sections of 
the original ground line were made .at 25-foot inte~l.s f cxr each hf the six ~raf~o 
lanes. Deformation me.asurem.entE! were mBide after 6 , ll; and 16 passes., R~sulta of 
these teats a.re illMtrat.ed _graphic.ally in Figure 16 a.nd in the photograpqa in 
Figures 17 and 18. Note also the root penetration in the base materials evident 
in the photographs. 

The foregoing projects have all been located in the•~ humid region a.nd 
have used Bermuda grass as the surface cover. Information gain~d .from this work 
i s not necessarily applicable t o other grasses in other climatic regions , there­
fore , the Corps of .Engineers has initiated other inveatigational projects in the 
Northeast and .Midwest. These projects are not sufficiently advanced for .discus- . 
sion at this time. 
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MOISTURE CONTENT OF SUB~E AND ~E OF 
MAXWELL FIEUl TURF SHOUll)ER SECTION AT !DIE OF TESTING ., ' . . I 

ferc~nt lloisture 
• • I - Depth 

Base Sand Gravel staµon ( &!
1

!li Gravel · 
NO• Course I!,ase , , 1Sub,rpAe, 

I 9 ) J I >. 1&se , a , , ~bR!51e ...... I 

0 + JS 6n 3.0 
-

l -t 1.3 611 4-1 
-

l + 38 6ct 5.4 

2 + 63 1011 7.0 
. 

3 + 38 1011 9,5 

4 + 13 1011 8.8 

4 + 88 1411 8,4 

5 + 63 1.411 7.7 
. 

6.+ 3~ . 1411 10.4 

u..7 
16.2 

18.l 

19,6 

19.8 

20.7 

21.6 

u.9 

22.7 

-'l'AB11§ 8 

TYPICAL DENSITIES-OP 

5 ,6 

6.7 

~-4 

9~1 

10.3 

7 .• 8 

9.8 

8,9 

.10.9 

20.0 

15.,l 

18-9 

22.0 

25.6 

2;.o 

24.a 
2/+.6 

. ... . . .. . :?~, 7. 

BASE AND SUBGIW)E OF 1IAIWELL FI_ELD 'rlllT SECTION, 4I.ABAIIA 

~ Location 
Sample 

3 + 10 

3 + 85 

4 + 60 

5 + 35 

6 + 10 

~u§#ade.11 

83.3 

87,7 

80.l 

75,7 

92.8 

97 

97 

1QO 

97 

97 

- , 

95 

95 

96 

90 
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Summary - Stabili21ation of Florida a.ands by the blending of approximately 
0

.ual quantities ,of llmerock and sand to a combined depth of six inches produced 
s~fficient load b'earing capacity to support aircraft of approximately 65 ,000 pound 
,meel load , or the B-29 class. )fixtures of sand clay, limerock , and sand also pro­
vided sufficient stability. The poor quality of the loca.l.ly available sand clay 
made this material less desirable and its ~se ~as limited to .a relatively few 
fields. · 

' , The incorporation of large quantities of infertile stabilizing materials 
increased proportionately the natural infertility of the n~tive soils. Fo.r this 
reason increased applications of fertilizer were necessary. Observation of re­
sults of fertilizer practices and of field.'tests on stabilized soils indicated 
that Bermuda grass responded principally to nitrogen. Additional .applications of 
phosphorous and potash, after the initial application of a complete goods, did not 
produce an appreciable increase in growth, nor did minor elements appear to affect 
its growth. These results were also characteristic of Bermuda grass on the nat­
ural soils. The only apparent change in nutritional characteristics of the bases 
was a proportionate decrease in fertility. 

No particular difficulty was encountered in establishing turf on the sta­
bilized soils . Vegetative planting and seeding were equally effective provided 
ample moisture was present. Vegetative plantin~ produced better results during 
periods of low rainfall. This was apparently because the sprigs were planted be­
low the approximate two-inch layer of dry surface soil characteristic of the area 
during dry weather" 

Results of constructing and testing a special test section at lfacDill 
Field on a ball bearing sand subgrade indicate that local sand-clay placed as an 
eight-inch bla,nket had less bearing capacity than an adjacent six-inch layer of 
blended sand and limerock. Deformation of the sand-clay was progressively great­
er with an increase in moisture cop.tent, and consisted of lateral displacement of 
the base material. Only slight consolidation of the subgrade was apparent under 
either sand-clay or limerock base. 

Establishment of t~rf from seed on the sand-clay was not successful, ap­
parently because of displacem_ent of seed by wind and water actiona There was no 
apparent difference in fertilizer requirements on the two materials. 

Similar tests were conducted at Maxwell Field on a plastic subgrade using 
clay gravel and sand gravel as base materials with B~rmuda grass for dust and 
erosion control. Equal results were obtained from sprigs and seed on each of the 
bases. Most efficient use of fertilizer occurred on the less porous ~lay-gravel 
base. Reaction to loading was similar to that of the sand-cl~ base at Ma.oDill 
Field; deformation was greater on areas having a higher moisture ~ontent. ~me 
slight failure of subgrade occurred under the six-inch bases. All ihl.ckneases 
of each material were adequate fo,r a limited number of load applications from 
aircraft of the C-46 or 25 tOOO pound wheel load class•. 

In none of the above teats was there any apparent correlation between 
compactive effort and turf production, nor between turf density and load sup­
porting capacity. Deformation increased progressively- with the nu.mbe~ of load 
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applications, with l.east increase in deformation occurring on the l:i.ineu-ock ba,88 
IJ.ttle or no compaction differential remained after a yaar ' a weathering and gro~b 
of grass. • 

While no accurate root penetration determinations were ms.de, observation 
of root development in walls of observation trenches indicated that root penetra.­
tion varied from about five inches in the limerock base to about ten inches _in th, 
sand-gravel base. 

Additional investigations have been initiated.'to study the development ot 
turf on stabilized bases in other climatic regions. T!Yase studies are not sut­
fici.ently advanced to justify discussion at this time. It is interesting to note 
however, that turf grasses indigenous to cool humid climates have been established 
on various aggregate base materials, with and wit,hout the .addition of soil parti­
cles in the silt and clay ranges. 

It is evident from studies to date that, by prope:;- cultural methods, turt 
can be developed on practically 8.1\Y base designed for load bearing capacity. It 
is hoped that on completion of the studies now in progress ,- the Corps of Engineers 
will be able to formulate design criteria for the development of turf covered, 
stabilized bases having adequate bearing cap~city to support any probable load re­
sulting from aircraft or other vehicle operation. 

. 
DISCUSSION OF REPORT BY CA.LE 

.... 

(Questions were addressed to the author, unless othe~se indicated) 

Was there any maintenance of the shoulder material car~ed (!Ut? 

No rolling or recompaction was done except fo~ the .benefit of the 
turf and except that ruts caused by traffic near the pavement 
were filled. 

Were scarred areas replanted, or is Bermuda graaa rapidly, self-healing? 

No r eplanting waa needed even where scars 12 in. wide were 
made by planes landing, unless there was a severely deep dis-
turbance of the soilo · 

How deep was fertilizer incorporated in the initial applioation? 

A complete fertilizer was applied prior to final mixing~ 
blading and incorporated 3 in. to 4 in,. deep. Later applloa,­
tions of soluble fertilizers were made on tha surface. 
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One soil reported had Vet'7 coarse aggr-egate underneath the wearing course. 
Ho• great a volume or soil ia ~uired to auppol"t plant. ille when u.nderla;in b7 non­
capillary granular material? 

Fescue on the above soil ...-as brown in the qry summer months but 
not dead. Ability of grasa to survive under thi~ condition de­
pends on many factors; .for example , the ability of the soil to 
retain water and nutrients . Thia particUl.ar soil was 7 to 8 in. 
in depth. It is not a healthy condition. A progressive varia­
tion of mate:t-ial from the coarse aggregate of the base to the 
fine material of the wearing oourse would be better for plant 
life. 

Does topsoil decrease stability? 

There has been a lot of theoriging on this point. The work 
covered by this report dealt with other ma.teriaJ,.s . Dr. Ji:>tt 
(Purdue) in his experiments added some soil tines to aggregate 
material with gQod results, with greatest strength obtained 
with 5 percent to 15 percent soil fines . The peak was at 
about 12 percent fineB~ No topsoilp as the term is general13' 
understood, was used. (llr. Iurka) rl'J!op"aoil n ia a term we 
should forget in this work. The soils e~eers ha.ve a ter* 
inology which they reco¢ze and which we os.n and should use. 

Is there need for repeated loa,ds in the same Jfheel track .in making tra.ffic 
tests on shoulders? 

The probability of rep~t impacts by plane,!l landing is 1"8-
mote except in some conoentrated landing areas . The~e tests 
were rather theoretical, with loads repeated until failure. 

How ca,n bearing value of roots be measured? 

Although there is an apparent increase of bearing value due to 
vegetation, thia value seems relatively unimportant when loads 
of 60,000 lbs. are concerned. · · 

(Addres sed to )fr. llcAlpin) Is density related t.o bearing va,?ue? 

There is a definiie relation of denaity to bearing value., 

(Addressed to Mr., ~Alpl1;) In oom~oting shouJ.dere can density be ~de 
greater than·natural? Wi!t.' the lllcrea.s~d density, be lost due to weathering~ 
plant growth? Increased density increased the difficulty of establishing vege­
tation, so if some density '41.1 be lost by weathering or pla,nt gowth, why get 
maximum density initiall.y? 

Density_ can be ma.de greater than natural. Sandy materials 
would retain theirrlenaity ·but more plastic material would 
lose some density through JJeatheri ng. A light type rolleri 
could be used in the spring when the soil is moist to com­
pact the wearing eourseo 




