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Last year, for the first time in several years, the Department had
under construction a gravel base containing calcium chloride, Soms
time after the project was originated; in fact after it had been ad=—
vertized, the job came to the attention of the Research Division
through a request from the Division of Design that detailed observas-
ticns be made during construction in order that all things affecting
performance could be judged for foture design considerations.

To accomplish this. W. B. Drake, Research gngineer, spent praciically

fwo monthe either on the job or working in the laboratory with materials
pertaining to the job, His effort was centered on the keeping of records
which were important Lo the future evaluation, but also at my suggesbtion
he advised the Resident Engineer on several matters pertaining To ma-
terisls. For example, he checked proposed sources of gravel and prose
pective sources of binder soil, calculated the combinations of materials
which would meet specification requirements, and made ssveral recommenda~
tions regarding the handling of materials. In turn, the Resident Engineer,
Jack Crider, and his party gave valuable assistance to Mr. Drake in
obtaining data, making density tests, and recording other information
which was important. The cooperation was excellent.,

" Inasmuch as several things recommended by the Research Laboratory became
a park of the job, responsibility for thelr outcome lies with us even
though we'had no autherity in advancing them. For example; there was a
hinder soil item on the plans and proposal, but the selection of a source
and proportioning was based on our recommendation. Also at our sugges-—
tion it was decided to attempt raking of oversize, to roll first with
pneumatic rollers on the treated courses, and to allow ten days of curing
on treated courses before placement of overlying materials. Ultimately,
we found that some of these suggestions were not scund, or at least
developments made them unsound. On the other hand, some of them were
worthwhile and were proved advantageous.
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At any rate, in the attached report on this project, Mre Drake shows
that with very linited exceptions the road turned out satisfactorily.
Regarding these exceptions, which are the failures near Staticns 220 #
00 and 233 # Q0 (See Figs. 21 and 23), the treated courses are open
for criticism only to the extent that this L~inch depth failed to
accomplish stability over 12 to 16 inches of base which was already
extremely unstable. A&t other polnts where difficulties developed
during construction, the corrective measures have been successful
thus far. Of course, it is much too early to make a lasting evalua-
tion of the different parts of the road, but the traffic to and from
the Cumberland River Bridge project has been sufficient in mumbers
_and weight to provide some degree of test over this short period.

Quite aside from the main object of the evaluation nrogram, which will
be followed up at Ireguent intervals in the next few years, I would
1ike to make note of the excellent riding gualities of this pavement.
Undeubtedly, much of the credit for this lies with the engineering
party as a result of its efforts to control the grade and section.
However, in my estimation it emphasizes the possibilities inherent in
any flexible pavement where the bituminous surface is placed by a mecha-
nical spreader riding on an underlying surface finished with a blade
grader.

Respectfully submitted,

K& |

o B Gregeg
Assistant Director of Research

LEG DG
ccs Mack Galbreath (L)
Research Commlttee Members
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INTRODUCTICN

Thiz repoxrt 1s concerned with a bank gravel base construction pro-
Ject, and particularly with that part of the base containing calcium
‘chloride as a ghabllizing agent. The project was carried ocut on a re-
location of U.S., 62, bewesn Kattawa in Iyen County and Kenbtucly Dam on
the Tennessee River. A parh of the project, as shown on the general
lecation map in Flg. 1g¥was In Livingston Qounty between the Cumberland
and Temnessee Rivers,

The territory through which this road passes iz on the fwinge of
the natural gravel area, which includes the coastal plain cor Jackson
Parchase section of Keniucky and extends a few miles eastward. Some of
- the cuts on this project were made through these granular deposits, and
as a consequencs abt least part of the adjacent fills contained gravel,

The contracts for grads and drain on this road were lel in 1947
and 1948, and completed in 19L%. In the interim from 1845 te 1951, the
surface was left open with traffic bound stone bub recelved very 1ittle
traifie bacause there wazs ne bridge or ferry on this location at the
Cumbzriand River. Erectlon of the bridge was in progress during the
period of construction for thiz base, and traffie to and from the bridge
project had some effecht on the baze as noted later In this repori,

Design thickness for the base varied from 4 o 16 inches (Ses Fig.
depending upoen the distribution of subgrade bearing valuss. The L=inch
thicknesg, of course, spplisd to the sections where gravel formed the sub-
grade. Calciun chioride Stabilizationa in accordance with Section 3 of

the 1945 Standard Speeifications, was set up for just the top )| inches of
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the base. In fact, deviations from the Standard Specification set forth
in the plan rotes were minor, and it was sven stated gpecifically in a
plan note that ¥The gradation of the course tc be treated with caleium
chioride shall conform to the Standard Specifications, Art. 3.3.3. on
page 109,%

Gravel bases containing caleium chloride had been built on two or
three oceasions in the vicinity of Kutbtawa, but this was the first project
in which the gravel was bank-run rather than dredgéd from the Cumberland
River., Similarly, bank gravel had been used extensively for base construce
tion in the western part of the state, but this was the first major project
in which caleium chloride was combined with the bank-run material.,

Because of these unusual conditlons, and an interest in specifiec

information from the work for future reference, the Research Division was

fr

asked to make observations and record data during construction, and to
foliow the performance from time to time cver a period of years. This
report covers the base construction for the entire project and, also,
includes the performance of the finished pavement in Iyon County during
the first four months of use. The bituminous pavement in Livingston
County will not be completed until some time during the construchion

season of 1952,



PRELIMINARY SAMPLING AND MIX DESIGN

On the layout map which was Sheet No. 1 of the plans, two prespective
gravel pits were located, One was in Lyon County, L.5 miles from the pro-
dect, and the other in Livingston Qounty, approximately two miles from the
project, Both were shown merely for the convenienée of those interested
in the work, and not as an indication that materials in these pits wuld
meet the requirements for either the stabilized or non-stabilized hase
courses.

So far as the non-stabilized portion of the hase was concerned, a
plan note covered the required gradation. This gradation and, alsc, the
oere pertaining to the calcium chloride treated material are outlined by
values listed in Table 1, and plotted graphically in Fig. 3.  The re-
guirements for the non-treated material were quite general, This is cus-
tomary for bank grével base projects in ordér to qualify all deposits

which are considered usshle bub which are naturslly variable.

Table l. Uradation Requirements for the Two
Portions of Bank Gravel Base,

Percentage Passing For
Non-Trreated Ga012 Treated

Sigve Sive Rase Base
au 100 -

w 75-100 100

3/4Lw 60-T0 80-100
3/84 - 50-90
Ncao )_i. . 20‘“’60 )_,],O"’?S
No. 10 o e 30=55
Noeo 4O - = 20-35
No. 200 . - 10=-20
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The two pitg shown con the plans were sampled in May, and tentatively
mixes meeting the requirements for calecium chloride treatement were worked
outes Neither was particularly suitable, but could be worked intc a sabis—
Factory mix with the additiocn of material from other scurces, In the Lyon
County pit, for example, three percent of the material consisted of very
acidve clay which produced a high plasticity index in the fraction passing
the No, kO sieve. Addition of non~plastic fines (very fine sand) in this
cage would reduce the plasticity and alsc help bring the material to a
betber gradation.

Aftef the contractor moved onto the job in June, a new pit was cpened
in Lyen County. This pit, known as the Dycus pit, was located on the Xutbawa-
Bureka Reoad ahbounk two.miles from the project. Initiel Samples taken from

the new source and tested on June 29, showed the following propertiess

Gradsiion Plasticity

Pote Passing (Material Passing No, LO Sieve)
24 = 100

1w - 90 L.L. 18,6

3/u% = 85

3/80 - 74 P.L, Kon-Plastic

Noe }-L = 51

Woe 10 = 4O ' Pola o=

Hoe h(} = 15

Noo 200- 3

Whilte this gravel was well within the pradation range for the non—stabilized
portlon of the base, it was deficlent in fines and had considerable over-
size for the calcium chloride treated mix, The mosth significant point at

the time was the complete lack of plasticity in the initial samples.



After 35,000 to LO,000 tons of gravel had been taken from the pit
for construction of the non-stabllized courses of the base, the pit was

again sampled (on August 6) and tested with the following resultss

Gradation Flasticity
Pcte Passing (Material Passing No, LO Siewve)
o - 300
i - 85 Lo Lo = 17%
34w - 75
) 3/8% - 55 P, L. = Non-Plgstic
. No. j—l- = L'-j
Voo 40 = 20 P, To = = =
. Nae 200=- 2

 Uversize material was still of concern, and the lack of sufficient fines
combined with the non-plastic characteristics of the fines which wers
present pointed to the possibility for adding binder soll having siight

: plasticity. Plans and proposals carried a binder soil item estimzted at

A survey of locally available materiszis to remedy the gradation
deficiency and provide binding gualities up to & P.I, was made, Several
promizing depesits, such as a very fine white sand Jlocated about six
miles from the projscl, were inspechted and some were sampled for tesh,

® None had the desirable qualitiss, until a windblown siltv dsposit alonge
side the right-ofeway near Sta. th0#00 was tested. This material, which
is represented by the gradation curve on the far right in Fig. 3, wag
quite uniform in composition and contained approximately 70 percent of
its gmins in the silt sizme. Tests for P,I. showed 8.7 and 9.9 ah the

wo depths sampled. Only 17 percent of the material was in the clay
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size, and hence from the standpoint of limited plasticity and uniformity
it was well suited for binder soll.

Targe samples of gravel from the Dycué pit and windblown silt from
the prospective binder-borrow pit were brought to the taboratory for ftests
on the two in various combinations. The silt was added to the gravel 1o
three different quantities to meke mixes with 5, 10, and 15 percent binder

soil., Bffects of these additions on the P.I., and gradation were as followss

Percent Parcent Passing
Binder Soil ~ P.I, Moo MO No, 200

0 0 16,5 3a 3

5 203 20.6 7.8

10 5.9 218 12.5

15 7 oll 29,0 17 .0

100 9.9 100,40 95,0

 Obviously, as the percentage of binder soil was increased, the in=
fluence of fines in the gravel {approximately 15 parcent passing Ths
‘No, [0) was reduced rapidly. With as 1itfle as 15 percent binder soll
in the mix, the P.I. of all material passing the No, L0 sieve was very
close to the P,T. of the binder seil itself. This was particularly
significent in view of the fact that at that percentage binder soll addL-
tion, the ratic of naterials represented in the fraction passing the No.
L0 sieve was about two parts silt o three parts fines from the gravel.
Roughly, the relationship between p.TI, and the percentage of silt in the

fraction of the total mix passing the No. 40 was ahown in Fig. e
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FMpe Le Relation between P.I. and percemtﬁge
' binder seil in that porticn of ths some=
bined mixture passing the Ne. L0 sieve.
Two procedures for elimination of oversize materisl were considered.
First, this material could be removed by shaking or scalping PPerations
et the pit as the trucks were loaded, If this were done, probebly it would
be necessary te elther dry the gravel or reduce the raite of production con=
siderably since the damp gravel would not separate sasily. In either case
a large part of the fines in the gravel would be lost, and if ©the method
involved drying the natural advantsge of moisture in the gravei - a defi-
nite aid to compaction on the road = would be lost also, -In iien of scalp-
ing at the pit, the contractor proposed removal of oversize mabterial on
the road by mesans of hand rakers. Thus, a deduction of 10 percent from
the quantities measured at the weigh house wouid be made o compensate for

the oversize removed later on the road,




Aftey all these factors were considered, the Resesrch Division re-
commended to the Division of Construction that in the preparation of

gtabilized courses the following applys

1. The base course aggregate mnsist of 90 percent
gravel from the Dycus pit and 10 percent binder
goil from the deposit of windblown silt at ap=
proximately Sta. 14000 (the Dycus pit being
consldered acceptable only because it had beesn
previously approved as a source of gravel for
The non=stabilized courses.}

2o The contractor be permitied hand raking of overe
gize in preference to drying and scalping gravel
at the pit,

3¢ A curing peried of 10 days be 4 lowed on all
cowrses of stabllized bhase prior to ths place-
ment of @ successlve course or the placement
of overlying bituminous pavement, (This was
in acecordance with recommendatlons made by
representatives of the Calcium Chloride Inst.)

ALY three of the recommendabions were followed during construstion in
Iyon County, with the exception of the ast 4100 feet of the stabilized
course, and also approximately 1000 feet in another section where the
base constructed in this manner was removed and replaced with gravel
alone aftef trouble developed in that spoh,

There was no particular mix design invelved in the base for the
Livingston County portion of the project. The gravel for the first
L~inch course and approximately one-half of the second L-inch course
was obtained from the Young pit located between the rivers. This was

the site shown on the projsct layout sheet of the plans., The gravel



was highly plastic with a large percentage of oversize material., This
pit was thought unsatisfacﬁory for the top course. The remainder of

the gravel used in Livingston County came from a new source located in
Marshall Counbty on the Mak Boharmnan properiy, a distance of approximately
eight miles from the job, Gravel from this pit had been used for previous
base construction projects, the most recent being the Briensburg Cutoff
tn Uo3. 68. These new sources were selected mainly to avoid the Feryy
transfer at the Cumberland River which would have been necessary had the
Dycus pit in Lyon Counﬁy been continued as the supply,

As a result of a conference held on October 9, te consider difficule
tles which developed in Lyon County, it was further decided to eliminate
binder soil entirely even though past tests had shown limited fines and
ne plasticity in the gravel. Properiies of the gravel, according to a

representative set of tests, were as followss

Gradetion Plasticity
Percent Passing {(Material Passing No., 4O Sieve)
28 = 100
l";:';fﬂ i 9995
e e 03,2
3740 = 86,2 Nor=Piastic

3[8 L} s= 6':nl§r
Mo, h = 5'3 o g
Hoo 10 = 45,0
Noo LO = 20,0
Noe 100 = 7,0
Noe 200 = 3,0

In view of these circumstances, the Resesrch Division recommended that
caleium chloride be eliminated eptirely in the Livingston County base

since there was no fine material available with which the caleiwm chloride
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could act in bonding the gravel satisfactorily., This suggestion was
acceplied,; and calcium chioride freatment was confined to the Iyon County

portion of the jobe.



CONSTRUCTION PROCEDURES

The non-stabilized courses of the base were laid in three 8-foot
lanes, O-inches loose depth, and were rolled first with a 10-ton threg-
wheel rollér, Only one or two passes with this roller precedsd rolling
with the pneumatic rolier. Final rolling of each Leinch cﬁmpacted Gourse
was carried out with the three-wheel rcller., Water was used as needed.
A1l of the non-stabilized base gravel in Iyon County was placed before
any of the treated base work was begun.

The stabilized caleium chloride-treated courses were started on
August 22, at the Cumberland River Bridgs. and work proceded toward
Rubtawa, Gravel in sufficient quantity to give a 2=inch compacted depth
was laid along the south lane of the rcad { Figs 7) shortly after the
binder soil was spread in the north lans. The rate of placement for the
binder soil was 52 pounds per iineal foot, An Apsco Self-propelled
Spreader was used in placing the gravel, and an earth-moving pan, as
shown in Figse. 5 and 6, shaved the binder soil and placed it on the
road. Both operations were carried out wery effliclently. The pan was
loaded by means of shallow cuts in order to pulverize the sility soily
gravel brucks passing over the soll after 1t was gpread on the road were
also effective in pulverizing ths soil sc long as 1t rémained drye

After approximately 1 mile of gravel and soil had been spread,
mixing operstions were started. Two patrol pgraders were used for the
mixing. The soii was cut inte the gravel initislly, then the large

windrow was moved across the road until the twe materials were well mixed.



Fige 5. Cubting binder soil inte the pan
of the earth moving. equipment, This pro-
cess partially pulverized the silty bor-
row material., Several passes of the pan
over the exposed surface was required to
sccumulate a load. '

Fige 7. Placing selected bank-run gravel
uniformly with a mechanical spreader.
Binder soil to be mixed with the gravel
was spread in the right lane prior tothe
placing of the gravel.

Fige 6. Spredditg binder soil at the rate
of 52 pounds per lineal foot.

Fig. 8. Mixing binder soil and gravel

‘with a patrol grader. This method was

generally successful in producing thorough
mixture if the two materials were rela-
tively dry. On a few occasions, rain £11
during the period between placement ana
mixing and as a result the soil was poorly
distributed throughout the gravel, some-—
times accumulated in pockets. (See Fig.

19)




This mixing was accomplished by relling the gravel and soil along the
grader blade. Eight or ten passes of the graders (four or Iive passes
efich) were required to move the large windrow from one side to the other,
This procedurs is illustrated in Fig. O,

After the soil and gravel had been thoroughly mixed the windrow was
brought to the center of the road and struck off square with the blade.
An application of water was given at this time unless the materials were
quite damp, Caleium chlorids at the rate of one pound per sguare yard
was then spread with a mechanicel spreader box. {See Fig.9)

Tmmediately the caleium chlovide was worked ipbo the gravel—-soil
mixture in the same mammer that was used for the binder seil, and water
was added in quantities estimated nacessary for good mixing and compaciicr.
Unece again mixing was carried ocub with the blade graders, after whicn the
stabilized material was spread to section and compacted almost sntirely
with the pneumatic roller., A few passes of the three-wheel roller were
made to finish off the COUTSE o

Throughout the Iinal spreading and rolling, exceptlonal care was
taken to bring the course to proper grade and cross—section. This was
done by means of grade stakes set at 50-~fool intervals zlong both edges,
and a string ling sitretched transverssly from stake to stake. Measures
ments downward from the string line wo the surface were made Irequently
and at several points across Tthe roéd, While this procedure was nob a
nsw one, it was éarfied out g0 dilipently by the Resident Enginesrts

party that contrcl over the base contour was ripgld and constant. Where



Fige. 9» Application of calcium chlorids.
A rolling wechanical type spréader box
was used to control the rate of applica-
tion which was one pound per square yard
per 2-inch depth, except for two 1000
foot sections where the rate of applica-
tion was doubled.

¥

v
A

Fige 1l. A pneumatic roller in the fore-

- ground and a three-wheel, 10-ton roller
in the distance were used throughout the
jobe On the non-stabilized layers of base
three or four passes with the flat-wheel
roller were made in advance of the pneu-
matic roller operatione. On the courses
containing calcium chloride, all except
the fingl finished rolling was accompli-
shed with the pneumatic rollers
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ige 10. Applying water to the stabili-
zed mix, Invariably water was applied
shortly after the caleium chloride was
spread, and when the materials were ex-
ceptionally dry water was added in advan-
ce of the calcium chloride also.

Fig. 12. Finishing to final sectionwith
a patrol grader. The cress section in
this curve was checked with & string
line and it was found that ‘oo much
super-elevation had been placed in the
final course. This condition was remedied
easily with the grader followed by the
two rollers in the usual orders



mezsurements showed thalb the grade or secticn was in error, as was the

case at the location illustrated in Tig. 12, the condition ccuid be

Ly the ususal operatidn.for finished relling.

As the construction progressed, the Research Laboratery in the inuer-
egt of comparison between ireated and untreated base immediately bencath
the bituminous pavement, asked that a smali ?ar% of the preject be set
aside as an experimental feature. This was approved, and a set of thres
yvariable conditicns were worked inbe the top four inches of base from
sta, 180400 to Sta. 120400, Hewe, as outlined in Fig. 13, the calcium
chloride was omitied for a distance of 2000 feet, and by the same token
a doudle application, or tws pounds per squars yard per Z-inch depth,
was placed throughout another 2000=Toct distance,

Actually . these were separated into two 1O0C-fool sections of each
type, and between the two types in each i@stano& thers was a 1000-foot
section containing the normal treatment of one pound per square yard pey
Zeinch depth, Wothing in the constructlon procedures was changed other
than the eiimination of spreading and mixing calaium chioride in the two
seciions where there was no treatment. The gradablon was not changed,
and to the extenl of added binder s0il and reducticn in oversize material,
the top courses in the untreated test sectlon differed from the underlying
untreate& courses throughout the projeci.

Flsewhere in Iyon County County there were different locations where
construction was vavied, as woted in the discussicn of mdx designz on

yage - 1. For the last 4100 feet of the top L=inches of base approachlng
ta] iy (=]
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Kuttaﬁag binder soil was omitted but calcium chloride was included. For
that distance the operations of the earth-moving pan were eliminated
entirely, and the mixing procedure was simplified. At the point where
1000 feet of base was removed and replaced, the replacement consisted
of straight bank gravel put down and spread with the blade. Constant
compaction with the pneumatic roller was carried out as material was
spread, and the three~wheel roller provided the final compaction.

In Livingston County, the construction methods for the first
coursé and half the second course were those used on the underlying
untrazted courses in Lyon County., However, after the source of gravel
was changed to Marshall County, a sheepsfoot roller was passed over the
loose material immediately following the initial spreading and shaping
of the gravel, This additional operation was considered nécessary in
view of the lack of binding qualities ifherent in the Marshall County
gravel. The purpose of the sheepsfoot roller was to "set®™ the gravel

and overcome its lendency To shift under the pneumatic rollera
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OBSERVATICNS

The project was subject to mamy influences during the course of
construction, most important of which were urmsual and untimely rainfalls.
Other obvious influences were the changes in materials from the gravel
pits (which went virtually undetected for periods of time that were long
enough to cause gifficulties), localized subgrade weaknesses, and the
inability of the contractor fo eliminate oversize material by hand raking
on the road.

Records of conditions at varlous times during construction were
kept by means of field notes, gradation- and density~test data represent-
ing samples baken from the different base courses, and photographs ilius-
trating things which were considered pertinent to the subsequent perior-
mance of the road. The essence of these records 1s contained in this

report, and the records in their entirety are on file for future refersice.,

Intreated Base ~ Lyon County.

The untrezted courses of base in Iyon County were constructed during
July and early August, throughout which time the weather was excepbionally
dry, For example, Uthe total rainfall in July, as recorded at the Kentucky
Dam Weather Bureau Station, was only 1.9k inches. This was distributed
over seven di fferent days, with no more than 0.61 inches rainfall in any
single day, as showﬁ by the data listed in Table Z. Although the values
for mean monthly rainfall measured at Kentucky Dam Station are nodb availe

sble, it is probable that ihe total rainfall measured in July, 1951, was
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Table 2 = Daily Rainfall at Kentucky Dam Station

Day

July

August

September

Cctober

1 — O I
2 S J— J— —
3 .10 .18 — e
i P— oo e R
5 05 e .07 .
6 _— - — -
7 e — - .23
8 — 1,31 e T
9 .53 e e -

10 .12 — .50 —

11 . e - .

12 17 — .53 ——

13 - - W97 e

1], — - - -

15 — - —— o

16 - — . ——

17 - — - oo

18 — s —— —

19 - S - — S

20 - .03 e e
21 it QO 2 o 2 2 o
20 —— i .51 rom
2 61 — 2

25 S J— S S
26 - - - —
27 036 ° 71-1- m— T
28 — 3,81 e 21
29 s e o —
30 e e e .10
31 R T e I

Total

Average
Kentucky
Monthly
Rainfall

Lel7

3.71

2.93

2.63
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less than half the mearn for July measured over the poriod since the sta-
tion was established,

Even though water was added in large quantities during construction,
and even though the measured densities of the untrested base (See Table 3)
indicated adequate compaction, the surface of completed courses dried out
rapidly and raveled reaaily under passing construction traffic. An example
of this is shown in Fig. 1lli. Two undesirable conditions were created by
the raveling, First, fine material capable of binding fhe base was lostg
and secondly, the remaining loose floater was quite coarse and difficult
to tie down when subsequent courses were placed. Large floater material
was particularly objectionable when the overlying first course of ireated
base was placed, because it increased the difficulty of removing oversize
and changed the resulting gradation considerably.

Ne serious difficulties were encountered in the placement of untreated
base. Inasmuch as the compacted depth for each of the courses was four
ﬂmmw,mmmﬁalas1ﬂgeasléwto24ﬂdmsinsimzﬁdrmthmmﬂ'ﬂw
spreading and rolling.

A soft subgrade was encountersd between Sta. 227400 and 234400 when
the seclbion was trenched for shoulder material. This location remalned soft
after three lj—inch courses of base had been placed, fs a result of the
soft spots an additional l-inch course of gravel was applied between Sta.
227%00 and ZBh%OOg Just after completion of the 16 inches of unfreated
base, a surface application of one pound per square yard of calcium chloride

wag made. This precaution was taken to prevent raveling and shoving of



Table 3.
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Densities of Untreated Rank Gravel Base, Lyon County F 530 (6}

First L" Course

Second I Course

bry : ory
Sample Density Sample Density
Station No. 1b/cuafte Station NOW lb/cuofte
31450 35 1312 6475 33 121.0
96400 13 135,8 13,400 34 121,2
1.21£00 11 133,.9 22450 36 132.3
129£00 10 1344 33400 37 1335
134400 9 139.9 123400 18 | 130,.0
139400 8 11,0 128400 17 128,5.
14LA00 7 125 .0 133,400 16 135.5
L9400 6 131.0 138400 - 15 1381
212400 5 1375 113400 1} 124,9
239400 i 1348 148,£00 12 125,9
265%50 2 140.3 Average 129.1
292400 2 41,2
3ILTARE 1 131.6
Average 135.5




Figs 1. Section of untreated base with binder soil showing the loss
of fines through dust created by construction traffic. Note the loose
gravel in the foreground that has raveled from the compacted base. A
‘Joaded gravel truck has just passed and the top of the cab cén be seen

dimly in the distance.

- 25
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the base through the soft section before the stabilized course could be
placed.
According to the results of density tests tabulated in Table 3,

the first Li-inch course of untreated base was apparently placed under
conditions more Ffavorable to compzction than the second Li~inch course,
Density tests were made using the rubber-balloon method which is commonly
emplcyed on projects in this state and they were generally made before
the course being tested was covered with a gucceeding course. The spread
of results ﬁas rather Wide for both courses, which indicates that either
the base varied considerably or the limits of éccuracy én the test zre
rather broad when the materizl is as course snd poorly graded as this
bank gravel, It is significant that fewer than one-half Uhe determined
densities on the second lLi=inch course were as high as the second 1oﬁest
determined density on the first Li~inch course, and that the average for
the latter was almost 6.5 pounds per cublc feoot higher than the average

for the former.

Treated Base - Iyon County.

Calciwm Chloride is a hygroscopic material and conseguently it absorbs
moisture from the air readily. It is also deliquescent so that it dig-
solves in the moisture absorbed from the air. Under most conditions, the
solubion itself will contimue to absorb moisture until an equalibrium is
reached. As a result of these properties, it is postulated that calcium

chioride treatment eliminates raveling and controls loss of material,
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reduces the quantity of water reeded for adeQuate compaction, reduces the
compactive effort required to reach a desirable density, increases the
density, and improves bonding qualities. It is known too that with fine
materials having certain mineralogical identies, caleium chloride can
bring about changes in physical properties probably through cation ex-
change.

Presumably observations on this project were desired partly as a
means for determining whether these objectives were accomplished with
caleium chloride in the bank gravel, even though the primary objective
was to record conditions that may influence performance of the road and
to keep account of that performance in the future. Climatic conditions
were so variable during the construction of the treated courses that it
was hardly possible to estimate the effect of calcium chloride on water
requirements, For example, the dry season which previaled during the
constructicn of the untreasted courses was reversed very sSoon after the
treated courses were started.

Work on the treated courses began on August 22, and during the last
week of Ausust, L.55 inches of rain fell, Most of the rain, as noted in
Table 2 (Page 22), occurred on August 28, In the interval between August
22 ard 28, there were two full days of work during which the weather re=
mained dry. Considering the gradation of the treated material with its
increased percentage of fines in comparison with the untreated base ma-
terial, the calcium chloride did permit a reduction in requirements for
additional watere From August 28, to the completion of the tresated base,

rains were more Irequent than before and the gtmogphere = which became
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extremely humid with the heavy rainfszll of late August ~ remained such
that no attempt was made to obtain any corrslation on water raquirements.

From the standpoint of compactive effort, observations were aiso
discontimed when the base became severely rutted in several places after
the heavy rains. This necessitated reshaping and recompaction of a great
deal of the top course, so there was no valld basis upon which comparison
could be made, Insofar as raveling and bonding properties were concerned,
it was obvious that the courses containing_caloiﬁm chloride were hardly
affected by passing traffic during dry weather. OFf course, the influence
of binder soil - and particularly the excessive P.I. which showed up later -
must be baken inte account on that score., However, there was a marked
difference betweesn the unireated and treated poftions of the test section
(outlined in Fig. 13), (Page 19), both portions being alike in a1l respects
other than the caleium chiloride addition. Raveling was far greater on the
untreated than on the treated base in the test section.

Specific effort was made to get density measurements in the top
course (actually extending the full li-inch depth of the two treated courses).
Results of the measurements are shown in Table L. These results were evén
more variable than theose representing the underlying untreated base (See
Table 3), the range being from a low of 109.3 to a high of 140.7 pounds
per cubic fooit, In comparison the low for the untreated base was 121.0
and the high was 141.2 pounds-per cubic foot. Average values of density
were from approximately 2 to 8 pounds per cubic foot higher on the under-

lying untreated courses than on the upper ireated courses.



Table I - Densities of Treated Baseg Lyon County F 530 (6)

.;.ééu

Dry Design
Sample Density Thickness
Station Moo 1b/cuofto Inches
~64£00 63 116,0 12
10400 62 133,0 12
20400 6L 125,0 12
30400 60 128.0 17
LO#C0 59 137.0 12
50/00 50 1335 12
60£00 57 1273 12
7000 55 109.3 12
BO£00 55 1200 17
9000 i 121.3 172
T00A00 53 1370 12
TI0A00 g7 120.0 12
120400 i L16eh 12
125#00 C0sst 11563 12 |
130400 IS 135.0 1z
135400 L8 139.0 12
LLO£00 Iz 1307 12
U500 Lot 1310 i2
1506400 I5% 16,7 17
155400 AR 1000 I
160400 3% 1337 i
165400 12 133.0 Iy
1700 il 1270 i
L7500 L0 T30.0 [
“IBOAQU glers TLC.7 Iy
185400 38 121.6 L
135400 32 133,0 N
205400 30 1303 16
215400 Exl 136,0 15
2O5HIC 59 176.0 15
235400 28 123.8 16
2L5£00 27 Ti6,.9 1z
255,400 26 156.6 5
265400 25 135.0 16
275£00 2l 130.7 15
295400 23 1277 12
SCCACD 22 12702 12
315400 il 121 .6 12
FPEH00 20 125.2 12
330495 19 123 .1 12
Average 12704

Notes All samples represent base with CaClg treatment of 1 1be

per sa. yde. per 2-inch depth, except as noted:

* No caCl,
3%  Double CaCly treatment

treatment



Because of differences in gradstion, soil comtent, and other faclors,
8 more valid comparison can be made bebween the untreated and treated por—
tions in the test secticn. There the composition, aside from the czicium
chleride zdditive, was ot intentionzlily varied. Even these valnes do not

offer much for comparison because they have a large range from minimum to

L& Ais caused partially by acvual variztions in com~

maximue, Probably i
position of the materizis at the points of test, and partially by lLimita-
ticns in the accurscy of the densily teste.

At face value, the average density of the different parts of the
test seetion were as followss non~ireated = 127.8 pounds per cubic footg
normal treatment - 133.7 pounds per cubic footi and double irestment -
128,5 pounds per cubic foot. Despite these differences, it appears that
density can have no particular bearing on the future performance of pave-
ment within the test section.

One particular thing of significance was noted throughout the rolle
ing of the stabilized courses. The coniractor was unable to locate and
remove more than just a small portion of the oversize materials hence, in
many places it was obvious that construction of a 2-inch course was belng
attempted with material that had a maximum size approaching 2 inches,

In effect, the tires of the pneumatic roller were supported a good portion
of the time by the large pieces of gravel, and adequate compacticn could
not be obtained,

Another factog‘which had consgiderable influence was the change in
gradation and plasticity of gravel coming from the pit. At the time of

the last sampling which influenced design of the treated base mixture,




the gravel. zs menkioned on page 8, had only two percent passing the FHoe

200 sisve and no plasticify. Additicn of the 10 percent silt was cglcu-

ated to keep the P.I. of the mixture below &6, and the percentage passing

T

the Ho. 200 sieve betwsen 10 and 20. Unfortunately, there were ne check
on the gravel until the first reports on samples faken from the breated

iabt=, This information, which is represented ty the

base wWere avai
first six listinzs in Table 5, became known at the project on September ll.
At that time, the first treated course had been completed to a point with-
in 4100 feet of the Kuttawa end of the job, and the second trested course

was only sboul 2500 feet short of that.
Both the gradation and the plasticity characteristics of the gravel
had obviously changed to some extent during the period since gravel sanple s

were last taken, which was August 6. Checks on the silt from the binder-

soil pit showed a P.I, of 10, and this plus other characteristics indicated
that this material remained essentially consbant, Variaticns in properties
of materials throughout a given pit are characteristic of bank gravel

deposite, but changes as great as those indicated in thie case were not
anticipated because of the uniform appearance of materisl coming from the
pife

Tnasmich ss the test data and conditions on the site indicated plasti-
city in the bank gravel, binder soil additions were discontinued on Septeom-
ber 13, Thus, the treated base from Sta. 35400 to the end point at Kuttawa

contained just the bank gravel and calecium chloride.
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Table 5, Resulits of Tests on Mixtures Taken From The Top Four Inches of
Base, Lyon County F 530 (6) ; <

. i

Plasticity Gfadat%oh ﬁﬁétors

Sample Characteristics Perceritage Passing

Station o Courge L.L. P.L. Noo!ho Noo, 200
39400 17 1 26,3 | 16.2 10,0 23.1
60400 18 1 2ly,0 1.0 16.) 29,2
89400 11 1 28,2 18.3 15.3 215
100400 21 2 21.h 11.h 9.l 3049
10 | 7 1 27,9 | 16.2 9.6 18,9
125400 22 2 21.7 12,8 9e5 29,2
139,400 6 1 20,3 8.1 12.1 50,4
150400 23 2 27.0 15,8 16,1 12,0
175400 20 2 25,3 15,5 15,8 338
179400 10 1 20,8 12,0 1,2 26,9
181AR0 9 | 1 2L .8 ik 11l.1 22.9
195400 1l 2 20,0 10,8 12,1 29.3
209450 8 1 | 23.2 13.3 19,3 3L3
220400 15 2 25.6 14,9 1.3 27,5
230450 5 1 28,7 17.9 11.5 | 2949
2115400 19 2 25,0 | 1h.7 12,0 2741
259400 1 1 23 .l 15,1 11.7 26,1
| 270400 16 2 276 17.7 12,2 25,0
2850 3 1 2L .5 13.3 1h.2 30.4
295#00 12 2 21,7 13,7 12,0 2306
309450 2 L | 26.8 16.5 21,2 39,9
320400 | 13 2 23.4 13.1 1.7 267
330450 i 1 26,0 16.5 15.7 3.2
Average 2l .6 1.l 13.7 28.5
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#11 of the several influences in combination led to either severe
erosion or rutting of the base in several places after two periods of
hesvy rainfall, The first of these developed during the rain of Augusi
07-28, at which time the edges of the base on fills between Sta. 230400
and the Cumberland River Bridge (Stae. 350/00) were eroded in several places.
One of these locations is illustrated in Fige. 16. MAlso, the day following
this concentrated rain, construction forces on the Bridee projects atitempted
$0 move a bulldozer cubfit on a lowboy over the bases This load was sup-
ported quite well even on the recently completed stabilized course, but
at gbout Sbta. 195400 where the first treated course had not yet been placed,
the truck mired down in the untreated base.

The base was cut and rutted severely in the attempts to move the low-
boy, and it was necessary to leave the rig set until the following day when
the base became firm enough to suppori the load. Some additional passes
of a grader and the £hree-whee1 roller were required to bring the base back
to shape. For restoration of the eroded base, premixed treated material
was picked up about Sta. 212£00 where construction was in progress, and
this material was taken by trucks to the spots needing replacement. This
fresbed mix was used regardless of whether the material which had been
eroded was treated or untrested. The three-wheel roller was used to Ie-
compact the base in these spotse.

When the rainfall of September 10, occurred many of the workers and
some equipment at the Bridge Project were on the job. The rain caused a
shut down for the day, and the several vehicles making the trip out during

the rain caused extensive rutiing on the surface - particularly on the
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Fig. 15. A finished section of the first
o=inech stabilized course. Very little
traffic had used this section at the time.
Within the next two days, severe erosion
of the edges occurred following a heavy
rainfall (See Fig. 16)}.

i a 2 ke
Fige 16. Erosion of bank gravel
shoulders following the heavy rainfall of
August 28. Only the top 2 inches of base
had been treated at the time, and water
removed both treated and untreated mater—
ial as shown. Eroded places were refilled
with stabilized gravel and recompacted.

Fige 17 A section of completed base
Sllowing a rainfall of 2.40 inches with-
in the preceeding 77 hours (September,
10-13). This portion of the base had cur-
ed for one week before the heavy rainoc-
cured. There was only slight evidence of
softening of the base at this point, a2l
though a considerable amount of traffic
to and from the Cumberland River Bridge
project passed over this base during and
following the rain.

Figo 18.
at Sta. 115400 which was severely rutted
by passing traffic after the rginfall of

A freshly laid section of base

September 10, Further rutting occurred
during and after the rain of September
12-13, Softening was much in evidence
with considerable rutting of the uncured
portions. Material shown was placed just
two days prior to the first rainfall.
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treated base. Danage to the surface was somewhat in proportion to the
length of %ime the materisl had been in place, or the time it had cured.
In the sections nearest the bridge, which had been down almost one week,
the damage was limited as shown in Fig. 17. In contrast, those portions
of the treated base which had been in place no more than two or three days
were rutted and gouged to the extent that in some spots the road was almost
impassible for a few hours. One of the more heavily damaged sections of
treated base is shown in Fige 18.

Despite this severe damage, 1% 18 possible that the base benefited
from the kneeding action of traffic during this period. Working the mix
in this menner could have conceivably increased the final density of the
base particularly in view of the oversize material and the tendency toward
point support of the pneumatic roller as previously mentioned in the dis-
cussion of construction procedures. At any rate, when the moisture con-
tent of the displaced material was once again reduced during the .succeeding
period of fair weather, the base was reshaped and recompacted with the
grader, pneumatic roller, and the three-wheel roller in the usual seguence.
Within a few days time the bituminous binder course was started, and no
further rutting of this magnitude occurred in the exposed base although
there were some cases where localized reshaping and recompaction were
required following other rains in the period of September 21-2lL.

Another prominent instance of difficulty originated with the heavy
rainfall of August 27-28, This situation, which developed between Stée
180400 and Sta. 195400, was abtributed to the fact that binder s0il was

1aid in the north lane on August 27, but before it could be mixed with
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the gravel rain began to fall some time that afterncon. Within the next

36 hours; L.56 inches of rain was recorded at the nearby weather station,
When mixing operations were resumed two days later, the soil was still

wel and could not be well distributed throughout the gravel. Some of it
remained concentrated in the north lane where it had been placed criginally.

After two doys of operations with the grader, in an attempt to aerate
and mix the soil and sravel, the treated base mixture was completed, spread,
shaped, and rolled to a condition that appeared satisfactory. However, when
the bituminous paving had been started, and the binder course had been laid
from Sta. 350400 down to about Sta. 195400, the rains of September 21-2l,
set in. At that time, the prime had been shot some distance past Sta. 180f
00 in the direction of Kutiawae

Trucks loaded with the plani mix, whilg passing cver this section on
September 25, caused such serious shoving in some spots on the nerth lare
it was necessary to take corrective measures. Accordingly, three strips
of base in this lane were .cut out with a blade grader to a depth of from
2 to 8 inches and for a width of apmroximately 8 feet. The total length
of thé three Strips was almost 1000 feet.

Before replacement was started, the subgrade or subbase exposed by
the cut was rolled with the pneumatic roller until it was firm. Bank
gravel direct from the pilt was hanled to the spots, tail-gated, and rolled
coﬁtinuously'with the pneumatic reller. Immediately after the base re~-
placement was completed, the bitwminous binder course was laid over the
entire 1500-foot section and on toward Kuttawa., The finished pavement,
which is illustrated in Fig. 1%, showed no further evidence of weakness

in this section.



Fig. 19, Finished pavement at about Sta. 190400 as it ap-
peared on October B, 1951, 4 sectlon of the finished base
under the left (North) lane was soft and shoved under loads
at the time of bituminous binder=course consiruction. This
condition existed in three spots totaling ghout 1000 feet
in length. Upon examination 1t was found that the binder
soil and gravel in the first 2-inch course of stabilized
base had not been properly mixed and that lenses of binder
soil were present. Records showed that this binder soil
had been placed on the road and became very wet while in a
windrow, and it remained wet at the time of mixing with the
gravels

Before the bituminous binder was laid, base material to &
depth of from 2 to 8 inches ind for a width of § feet was
pemoved in the left lane, Prior to replacement, theexpos-
ed surface was rolled until firm, after which the excava =
tions were refilled with bank-run gravel which was rolled
continuously as it was spread. The bituminous binder course
followed immediately. Forms shown here were used later in
the consiruction of a lip curb.

- 37
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One instance of base weakness was not particularly associated with
rainfall, and it apparently had no connection whatsoever with the treated
base, A plan note called for the trenching of existing traffic—bound
gravel and subgrade to a depth of 0,7 foot between Sta. 195400 and Stae
275%00, Total thickness of the base for this 8000-Toot secticn was 1o
be 16 inches (of which 12 inmches would be untreated). The trench was made,
and the basé between Sta. 227400 and Sta. 23LA00 was soft from the time
it was started. The underiying soil (See Table 8, in the Appendix) des-
cribed as blue clay and classified as A-6(11), began to work through to
the surface, Within a short time, the base was softened to the extent
that it was necessary to reduce speed and sometimes shift to a lower gear
on the loaded trucks carrying gravel for the top course of unireabed base
near the Cumberland River Bridge.

Recause of this condition, it was decided that an additional L-
inch course of untreated base be placed in the 700=-foot section thus
affected. Even after the untreated base to a depth of 16 inches had
been finished, and the J~inch course of treated base placed on top, there
was still evidence of wesimess. Deflections under load continued, and
shortly after the bituminous binder course was laid allegator cracks
developed in some of the weaker spots. When the application of the
bituminous surface course had carried up to these spots, further effort
was made to correct the condition.

In five or six localized areas both bltuminous binder and base ma—
terial was removed to a depth of 6 or 8 inches. This was done entirely

by hand, the area aftected being so limited that cutting and replacement
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operaticns could not be carried cut with equipment. Material from the

excavations was wasbted on the shoulder, and the entire depth in all cases

was refilled with bituminous surface course by end dumping from trucks.
The bituminous mix was raked and rolled, and then the surface course was
placed over the top with the finishing mechine. One of the spots where
bituminous replacement was used (Lpproximately Sta. 220400), 1s illus-
trated in Fig. 20. |

Fven with a1l these corrective measures, deflections under load
continued in some pleces, and within a few days time prominent cracks
were in evidence. These were limited to very short distance (5 or 10
feet) longitudinally, and they were located at two places within the
700-foot distance where trouble from soft subgrade originated. All the
replacements of material and all the cracks were confined to the north
lane whers construction traffic was glways heaviest. The cracks thatb
developed shortly after the surface was completed were, of course,
still in evidence when the L-month performance data were taken, HOw-
ever, as shown in Figs. 21 and 23, maintenance forces (presumably)

had made an effort to protect the road with patches even though the pro-~

ject had not yel been accepted,

Untreated Base - Livingston Countye.
DBecause of the fact that calcium chloride treatment was discon-
timied shortly after the untreated base construction was started in

Livingston County, the observations on that portion of the project were



Fig. 20. Weak spot within the 8000-foot
section where existing: traffic-bound ma-
terial was trenched 0,7 foot, prior to
base construction. Subgrade scil worked

up through the base in several spots and

kept the base weak even after the bitu-
minous binder was placed. When the sur-
face course reached this section,materisl
was excavated by hand at all +the loca-
tions showing signs of failure,the open-
ings were backfilled with surface mix,
and the pavement finished. Note excava=-
ted material on the shoulder.

Fige. 22, Cracks in the finished surface
that appeared just after paving near Sta.
233400, This failure occurred at apoint
where the base was originally 20 inches
in depth, a part of which was removed
and replaced as deseribed in Fige 20
above,

Fig. 21, Location shown in Fig., 20 after
four months. The cracked pavement has been
patched with a thin layer of porous cold
patch. There was very little bond between
the pateh and the pavement, Ths failure
is confired to the right wheel track of
the north lane for a distance of 15 to 20
feet,

Fig. 23. Location shown in Fig. 22 after
four months, The thin porous cold patch
was raked from the failure of this picture.



very much reduced. In fach, a representative from the Besearch Division
was on the job only four days during the base construction in Livingston
Countye. A few records on this part of the work were kept, and théy are
presented here a8 & pertinent part of\the over-ail observations which may
have a bearing 1n nﬁe interpretation of future performance.

When the base was started in Liviagston County, gravel was taken
from the Young Pit which lay between the rivers., This source as noted
in the discussion of mix design, had material rumning as 1afge as five
inches in size, and the ¢lay content was relatively high. High plasti-
city was characteristic of the fine fracticns. 4n entire l~-inch course
and about half of the second li=inch course of the Livingston County base
was laid with this material. VConstruction procedures were the same as
those used on the unitreated base in Lyon County. Results, from the
standpoint of raveling on exposed surfaces, are illustrated in Fige 2lhe

Following the conference of Octobexr I the contractor was re-
quested to move to the Bohanman Pit in Marshall County where the qualities
of the gravel were better sulted ta the construction. From thab point on,
the sheepsfoot roller (See Fig. 25) was introduced with a view toward
Hgetting® the gravel before it was subjected to the pneumatic roller.
Actually, the sheepsfoot roller scemed to be of little value, and most
of the compaction was accomplished with the pneunatic roller followed by
the three-wheel for final finish. BEven though there was no mixing in-
volved, the blade graders were used for shaping the top course of base

before and during the pneumatic roller operations.
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Fige 2he Raveling of the initial L-inch
bage course in Livingston Counity. A
large quantity of gravel L-inches and
larger was contained in this material
from the TYoung pit located Dbetween the

rivers.

Fig. 25. The sheepsfoot roller being
used on the top course of base gravelin
Livingston County. The gravel was from
the Max Bohamnon pit in Marshall County.

Fige 26e A section of non~plastic base
in Livingston County looking west toward
station h504£00. The gravel was from the
Max Bohannon pit, and was exceptionally
sandy at this point. Note the evidence
of non~consolidated material.

Fige 27. Patched binder course at the
location of the non-consolidated base
in Mg, 26, The dark section in the
center of the pavemsnt is not a patch
but was caused by a badly cracked con-
dition., Conditions shown existed about
four months after the binder course was
laid. TFinal surfacing of this porition
of the road will be carried out during
the 1952 season,
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Gravel from Karshall County went down well and in general compacted
well, although there ware a feW'apots.where the material could not be
bondsd or densifisd sufficiently. At those spots the base remained es-
sentizlly unstable even after the bituminous binder course was placed.
One of these conditicns, which developed in the south lans near Sta. &50}
G0, ig illustrated in Figs. 25 and 26, BEven though there were no speecific
tests to detect changes, it was evident that the material coming from the
Marshall County pit varied somewhat, pariicularly from the standpoint of
the percenbage fines, Otherwise, the differences in binding gualities of
the gravel would not have existed. There was some possibility that clay
in underlying gravel from the Young pit in Livingston County worked through
to help bind the looser surface gravel.

Densities of the Livingston County base are listed in Teble 6. ALl
tests were made on base courses containing the Harshall County gravele.
Once again, the lower of the twe courses had the higher average densities,
even though there was no possibility of compacticn on the top course in-~
fluencing the cowrse beneath. The first was tested before the second was
placed. There was very little difference in the average densities of the
lower courses in the two counties, but the range of density values was
much greater in the base made with the gravel from Iyon County than with
‘the gxavel from Marshall County. Conditions with respect to the uppef
courses in the two counties were somewhat the same, In brief, the
maximum, minimumg énd average values éf densities measured in these

unirested bases were as followss



Table 6, Densities of Untreated Base, Livingston County F 530 (6)

Viddle Course 7 Top Course
L Design | Design
- Dry Thick= Dry Thicke
Sample| Density ness Sample; Density ness
Station | Nos 1b/cu.fte | Inchesi| Station| No. 1b/cu.fte | Inches
360,400 9 132.5 12 |{ 350400 | 10 130.7 12
375400 8 136.0 12 360£00 11 123.8 12
100,/£00 7 140,0 12 (1370400 | 12 133.7 12
115400 6 135.0 12§} 380400 | 13 133.2 12
130,400 5 136,0 12‘ 390400 | 1k 140.0 12
1415400 Is 11 .0 12 {jhoofoo | 15 132.3 12
155400 3 143.5 ] '1é 10£00 | 16 145.4 12
165450 2 _135.6 12 1120400 17 132.5 12
I 75450 1 - 140.0 12 1130400 18 139.2 12
LUOAOO | 19 130.7 12
lverage 137.7 L504£00 |- 20 132.1 12
uesfoo | 21 |- 1L | 12
L7500 | 22 135.4 12
Average 13k,.1

Noteg HEntire base prepared without Caclé treatment in Livingston County



Density in lb, per cu. ft.

Upper Course Lower Course
Lyon Iivingston Iyon livingston
Maximm 138.1 5.k 11,2 1h3.5
Minimum : 121.0 123.8 125,k 132.5
Average 129.1 A3kl 135,5 137.7

Perhaps some of the increased density in the Livingston County base could
be attributed to the sheepsfoot roller, bubt it is more likely that superior
gradation and a smallsr maximum size in the gravel accounted for this re-

lationshipa

Four Monthis Performance.

The>pavement was inspected again in February. Both sections had
been subjected to limited traffic since the Cumberland River Bridge had
not heen completeds The principle traffic over the Lyon County portion
had been the hauling of materials for the bridge floor, while the Livings-
ton County Section was subjected to quarry traffic.

No specific differences could be seen in any parts of the test secw
tions., The entire 6000 feet was in excellent condition. A photOgraphic
record was made ¢f each part.

Particular effort was made to examine the weak spots recorded during
construction, . The locations represented by Jigs. 21 and 23, were two of

the three failures noted in Lyon County. ALl were in the 8000~foot section



= kb6

where the subgrade was trenched at the beginning of construction.

Mo failures were noted in the surface course in Livingston County.

The patches shown in Fig. 27 are in the exposed binder course and
are at the same location as the soft spots shown in Fig. 26, Here the
base gravel was sahdy and did not set up.

Fige 28 was taken at approximately the same location as Fig. 18,
and apparently the restoration of this rutted base was successful. The
riding qualities of the finished pavement are excellent. Fig. 29 shows
the completed pavement at about the same location as Fig. 17. 4n ex-

cellent cross-section was obtained throughout,



Fig. 28, Finished pavement at the same location shown
in Fig. 18 BExcellent riding qualities were obtained.
The photograph was taken four months after construction.

Fig. 29. Completed pavement near the location of Fig.
17, as it appeared on February 18, 1952. The cross sec-
tion, as illustrated in this photograph, was excellent
throughout the project.

-7



APPENDIX

Data From Files of Division of Design
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Table 7. Design Soil Test Data Before Construction
Optimmm Maximum calif .
Moisture Dry Liguid Plasticity Bearing
Station Conlent Density Limit Index Ratlo
-3 400 22,0L 97,8 40,8 20,1 2.0
=11£00 1.6 109.56 2666 11,0 5001
L8400 15,1 115,.1 3Ll.6 1Ll.0 2400
30400 204 104 .6 48,0 254 Lol
1195400 LOaT 112,07 33,2 15.9 9.6
O5A£00 18,8 L0745 L3.l 2560 T eb
42500 17,8 111l.1 30,2 20,9 el
G500 15.0 110.4 300 12,0 3567
LE0A00 L1760 1087 L3k 21.3 3702
166400 1lo.h 111,08 EE 1663 10,1
130400 L0060 112.5 32,6 13.9 Le.7
20000 15.6 110, 27,0 ToT 1.9
229400 15.9 109.3 334 11,8 LG5
2L 7400 18,0 100a5 11,9 1654 Geb
275400 195 1054, L2.6 18.9 0ol
290400 15,0 113 .0 2702 9,0 Tof
30d4£00 17,9 107.6 38.7 16,5 2ed
335400 15.3 1114 2740 Gl 12,1
3bL#A50 6.7 T13.2 3.9 17.8 9.0
357400 16,98 107.6 27eD 5all 16.9
359#00 17,0 1041 250D 7.9 2567
35GA00 17.0 110.5 319 97 16,6
372400 170 105.2 405 21,9 5ol
3BCA00 22 .5 100.3 57,0 3.6 I, 1
385400 16,6 109,5 33.5 1h.2 10,0
131400 Lla3 118,.9 20,9 3.4 L1767
31 £00 16.6 1081 323 10.5 0,9
35400 1I[.B 106.1 Norn=Plastic 1L .5
1440#00 4.7 1097 30.3 12.9 1016
1118400 L1263 117.6 2305 5.9 128,0
177 LA00 15,1 12,9 3307 1366 ol




Table 8. Soil Test on Subgrade During Construction

52

Optimum Maxeimum Calif,

Moisture Dry Field Liquid [Plasticity | Bearing

Station |Content | Density | Dens ity | Limit Index Ratio
25400 1h.1 112.8 | - - 32,0 13.1 30.5
59,£30 20,0 105,5 109.8 U1.7 26,l L2
111400 1.0 115.2 | 121.7 31.4 1.6 13.9
131400 1.9 111.8 125.4 30,7 1,8 16,5
138400 16,9 108.4 | 113.6 33,1 15.3 15,3
148400 16,0 110,56 111.7 32,8 16,8 - 10,8
202400 16,1 108.5 | 112,3 25.7 13.3 19,2
212400 15,8 1111 | 111,.7 31.3 15.4 8.7
217400 16,6 130.0 109,2 35.1 19.6 10,7
227400 17.1 116.1 104,2 35.6 18,1 9.8
287400 19,0 106.4 | 107.3 40,0 2l .2 boky
292400 18,0 105.6 | 108.0 37.6 19,8 602
302400 16,2 110.9 | 109.8 32,9 17,0 5.0
312400 15,2 14,0 | 132.7 | 35.2 19,3 6,0
317,400 16.2 109.4 108.0 32,0 15.3 1h,.5
329400 15.h 112.2 11h.2 ‘31,6 17.6 7.9
331400 15,2 1316.0 116,.7 272 27.2 12,8




