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PREFACE

This report presents a complete account of the degign and con-
struction of an experimental soll-cement stebilization project using
the existing roadwey materiel, new materisl and Portland cement to
produce a low cogt, light traffic surfacéﬂ

The repert includes thé impertant factuzl data relevant to the
préject,such aé deseription, purpose and scope of the project, cogh,
preliminery laboratory studles, construction pfocedure, cendition
survey data and conclusions. |

The soil-cement stabilization project is 3.02 miles in lengbh,
located on M=92, north of Stockbridge to M-26 and designated as state
project M 33-50, Cl.

The project wasz consgtructed under regular contract and consbruc-
tion procedure using the Michigen State Highway Department's 1940
pleng and specifications with necegsary supplementals. The confract
was.awarded to Ray Sablain, Lansing, Michigen. The construction of

the project was under the supervision of the Construction and Reseerch

Divisgions of the Highway Devartment.
) I)r iy
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PROJECT STATISTICS

Construction project - M 55—50, Cl

Location — M-92, Stockbridge north fo M~36,
Length — B8.02 miles -

Bids opened ~ June 18, 1941

Contract swarded - July 15, 1941 ﬁ
Contractor — Ray Sablain, Langing, Michigan

Start work - July 25, 1941

Completed - Hovember 1, 1941

Start cement stabilizatlon — September 24, 1941

Completed cement sgtabilization - October 21, 1941
Length - 164.23 station
Width - 22 feet

Total Cost - $56,485,85

MATERTALS
Cement — 3652.5 bbls. at $2.00 = § 7,305,00

Manipuletion - 164,23 sta. at §75.00 12,217.25

Fater - 195,8/1000 gal. at $4.5C 872,10
Potal cost of processed surface $20,494.85

Cost per square yard surface -~ 51 cents
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INTRODUCTTON

Road sgtebilization is the process of giwving natural soils encough
ébrasive registance and shear strength to accomodate traffic or loads
wnder prevalent weather conditions, withoul detrimentel deformetion.
The methods employed include the use of admixbures, compaction and
densgifieatlon by.specific technical tbeoryﬂand laboratory control,
Optimum water content is fumdamental with gradatlon. Admixtures may
be soil materials, deliquescent chemicals, soluiions of eletrolytes,
gsoluble cemenbibiocus éhemicals, primes and nesutralizers, and insoluble
binders.

Meny Types of slebllized roads are being developed and it is
important to the Michigan State Highway Department to Ymow which are
the best suited for WMichigan conditions. ?his rroject would be the
first of ite type to be constructed in Michigen in which old surface
material is used to a certain extent.

The purpose.of this experimental project 1z, to determine the
Feaslbility of constructing a soil~cement sbabilized road bage with
existing surfacing ﬁatérials, or with suitable local materisls and to
develop gpecifications for the use of the Michigan State Highway De-
partment in constructing such‘typesrof roads,

This type of road construction ie familiar o {the Michigan State
Highway Deparbment in that one project 1.7 mlles in length was con-

structed with virgin soil. It was among the first projects constructed



of ﬁhis ﬁype and served to assist in fhe developnent of construction
methods. Sinch then, 111 projects consisting of 227.2 miles have been
congtructed in the United States and many new:developmenﬁé have been
introduced. It is proposed to use the Best of these methods in the con-
sﬁfuction of this project.

The project was awsrded to Ray Sabl

hov]

in, of Laneing, Michigan, July
15, 1941,'with ingtructions to start work in len days. Bscause of the
customary contractorial delays incidental to the starting of any new
prdject and becsuge of the heavy grading operations sgpecified by the
dezign divisionj the contractor did not start aclusl pﬁacessing of the
road surface unbll Seplember 24th. The final processing was completed
October 2lst, after an unuswally large mumber of days logt because of
unfevorsble weather conditiéns, The actual procegsing reguired only
fifteen working days.

The soil material encountered during conétrugtion was quite uni-
form gince appro;imaﬁely two-thirds of the grading material came from a
single ﬁorrow pit. The remaining portion of the grade consigted of the
naturally-eccurring soil which diffeved from the borrow material chiefly
by the preseace of élightly more fine mpaterisl.

Ags is custemary, in the constructien of this type of recadwsy, con~
siderable laboratory work wes done preliminary to actual construction.
This work which was done by the Regearch Division of the Michigan
State Highway Depertment consgigted of a study of the physical propertiies
of the goil materials encountered, and a gstudy of the durability pro-

perties of specimens molded from these materlels wilh appropriate amcunts
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of cement. From the resulis of the iaboratory work & cement content
of 8% by velume was chosen =& being economicsl and yet high enough to
provide sufficient durabiiity and strengih.

The contrazectcor was required to maintain the percentage of water
in the mixture within 1/10 of the optlmum percentage of moisture. The
approximete densgity of the compacted mixture was specified from 120 to
128 pounds per cubic foot,

“The total cost of the proﬁect was %56,485¢85, The toatal cost of
processing the soil-cement stabilized surface wes 520,494.35. The
cost per square yard of road surface is Bl¢ based on a width of 22
feet and 184.25 stations in lengths

Wotwithstanding unfavoreble weather, the cqnstructioﬂ was quite
satlefactory. The soil material was wniformly and reaﬂily mixed with
the cement in the road by means of & combination of 2 plow, cultivator
and robary tillérs The removal of some of the larger rock present in
the borrGW'woulg have reduced the damage to the mixing equipment and
2 better appearing final surface would have been cbtained. Finally,
the processed material was readilj compacted into what appeared io be =2

dteble, dense roadway cepable of withstanding considerable traffic wear

even wibthoub a proleetive seal-coat.

The report consigts of three parts; the firght presents the labora-
tory inrestigation prior to construction_of the project. The gecond
gives the construction §rocedure and factuzl data pertaining to daily
operations, The third conteins the results of several condition sur-

veys of the project after one winter seasom.

-8 -




PART I

LABORATORY INVESTIGATTON
The laboratory investigation pertains
to all preliminary studles prlor to construc-
tion of the sgtabilized surface, such as the

goll sumrvey and sampling of exigbent materi-.

als, the physical tests on soll sgamples, and

the control tests on soil-cement samples to

determine proper cement content.




LARORATORY INVESTIGATION

The laboratory investigation necessary to the construction of sny
type of soil gtabilization project conslsts, escentially, of four
partas

1. Ths visual reconnaissance of roadway by soil
engineers o ldentify the general soil types,
the condition of the present surface and com-
pogition of underiying soil and to meke recome
mendations,

As The sampling of the project to obltain repre-
sentative materials for leborstory analysis.

3. Tesbing in the leboratory for physicel con=-
gtants of the soll.

4, Speci&l control tests for determining the correct
proportion of binder to use with each moil type.

Seil Survey

The soll-cement siabilized projecl at Steckbridge, as originally
plenned, conglsted of stabllizing the existent réad surface making use
of as much of.thé present road material as possible. This plsn was
chenged by the Degsign Divisicn who ralsed the elevation of the grade
line to such an exbent thet practically two-thirds of the foad surface
congleted of borrow material. This change in plansg limited the scope
of the soil survey to sampling of the borrow pit msberlal and the bal-
ance of the naturallymoccﬁrring soilrwhicﬁ was very similar to the boxrow
materdial, Sufficient soil.samples were obtained Lo carry on the required

nunber of control feshs.



Soll Characteristics

In the laboratory, investigations were carried on to determine the
physicai characteristles of four samples of soil materdal present in the
graded roadbed, OSample 1 wag 2 natural blend of the A, B, and C hori-
zong of Fox Sandy Loam as taken from the borrow pit after the removsl of
the top 'six inches of-the A horizon. Samples 2, 4 and 6 were soil samples
taken from the naturelly-occurring materdal in the roadbed at stations
248, 234 end 207, respectively. OSince thejzesults obtadined from tests
oﬁ 2ll four of these soill samples were very similar, the resulis of tests
onn Sample 1, which comprieed the major part of the roadway, will be dig-
cugsed most fully with dlscussicn of the other semples inserted when
%heyldiffer wlidely,

Teble I summarized the physical pfoperties of the four soll materi-
alge, Bo0il Vo, 1 falls within the textursl classification of a sandy
goll and within U.S.P.R.A. goil group, A-3. 'Ié has physical fest con-
stents typleal of sand soilse The liquid limit 1s low, the ghrinkage
limit is relativély low, and since the malerial does ﬁot become plastic
a2t any weter content it has no plasticlly index. As would be expected,
the organic content is also very low in view of the faet that the top
gix inches of A" horizon was removed from the borrow pit. Plate 1
shows’the similerity belbween the gradaﬁion curves of the four goils.
Soils 2, 4 and 6 differ from Wo. 1 mainly by having alglightly higher
gilt and clay content. Alség these three soils heve orgenic matier
contents about four times that of Mo. 1. The higher content of fine

materdial in the nautral soil would be expected since the roadway would




TABLE I

RESULTS OF TESTS ON SOLL MATERIAL

- Gradation-Per Cent of Total ' Physiesl Test
) e ; _ .
Gravel Sepd Siit] Cley | Constants Specific| Waterial Retained
Retained| Noo 4 {2.0 | 0s25| 0405 0,005 p— pem—t | Gravity , Color
Soil| on Nea 4] %o | %o | to to | to . IPlasti-Sheide  (Organicl Text- Materisl on No. 4 of |}
Nes |- Sievs 1Ho. 10 | 0.25| 0,05 | 0,005 | 0,000 jLiquid| city ;age Contenti wal jPassing Moist
o {20mm) | mm | mm | mm mr: (Limit |Index [Timit{PH | p.oom| Gass| No. 4 | Sp. Gravityjabsorptien| Soil
13 11.8 11,0 | 44401 27,2 | 309 | 2.1 | .20 o 20 {8.9)4,000 |Sand | 2.70 2.66 161 | Yellow
SOIL MORTAR ONLY 57 135 5 3
2% 18,5 6ol | 3608 2404 | 809 | 5.2 |13 0 18  |7.4]16,000{Sand | 2.70 2.68 1.22 |Brown
SOTIL MORTAR OWLY 48 |33 12 7
L 11.5 15 | 35651 205 ] 11.8] 5.2 |11 0 24 7.7\ 15,700 |Sendy | 2.68 2.66 1,07 |Dark
. ' Loan ~{Brown
SOIL MORTAR ONLY 48 |29 16 7
6% 1603 8o4 | 41le4 22,9 660 | 5 15,51 O 23 [7.7117,300 [Sand | 2.69 2459 1.02 |Brom
SOIL MORTAR ONLY 55 130 |8 |7

#* U.8.PaRels Soil Group (Seil Mortar) A-3.

- 10 -
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gaﬁurally conbain a higher percemﬁége'of the YA" and “Bﬁ horizons,
rick in organic matter and fine material, wherever gurface greding
was done. The specific gravity of material paseing the No. 4 screen
and that retained were gquite mniform for all four samples tested,
Although the absorpbion of the ?lus Npm 4 material was quite low for
all four sauples the materdal from the borrow pit had a higher absorp-

tion then sny of the soils used in place,

Soil-Cement Conirol Tests

After the sgoil survey and soil studies, it iz possible to gelent
s0ll samples for use Iin meking poil-cement tests and for determining

the Job control factors. The goll-cemsn® tests conslst of the deter-

Lai}

mination of the molsture-deneity velations of the rosdwsy soil and the
roadway goll mixed with various percentages of Portland cement. Thie
is followed by & determinaticn of the Jursbility of the soilwcement
mixtures compacted st optimm molsture to meximum density by subjeeting

T

them to repested wetting 2nd drying tests and repeated freezing and

[

thawing tests.

Moisture~Dongity Relatlonships: In order o determine the moighture

content at which a soil materiel or a soll-cement mixture could be come
pacted to lts meximum density molsture-density curves were ploﬁted from
data obtained in the lsboratory using the Procbor compaction webhod,
Table X1 gives thé regults cbtained fromrthis test on the minus No. 4
material from each of the four samples. It is interesting Lo note that

the soll samples 2 and 4 whieh contain a considerably higher percentage

- 12 -




TABLE IT

MOISTURE-DEMBITY RELATIONSHIPS
OF MINUS NO. 4 MATERIAL.

Sample Cement Contral Optimam Maximam Density
Wumber % by volume ol sture Conlent lbs. yer cu.fie
o g =
G .1 118.5
1 6.1 9.1 122.8
10,2 a7 122,3
8] ’ Ged 129.9
el 6.9 Te9 150.4
11.0 8.3 | 1%0.5
| _
‘{ o- 3.9 129& O
4 6.3 8.2 128.1
10.0 8D 127.0
f Q. 9.0 - 124.4
8 ol 2.8 127 .4
11.1 .4 127.8
!

&

t



of fines than Ho, 1 have higher zx;mﬁm density values and slightly
lower values of optimum moisfure, while zample Mo. § which has medium
content of fines hes maximum density wvalues in between Ko, 1 and Hos. 2
and 4,

Compression Testa: Xnowing he opbimum molsture regulred for maxi-

J.

mom density, compressilon btesh speclmens were molded from the minus ﬁo@
material in the Proctor mold for breaking at two, seven and twenty-elight
days. The compressive strengbhs of the va;ious specinens are tabulated
in Table ITI. Tach of the four samples meel the reguirements of the
field control fastors for both the 8 and 10 percent cement content.

This requlrement iz that the compression streogbhs shall Incresse with

age and with increase in cement content in the ranges of cement. content

producing results meeting othor requirements.

Durability Tests: The most luportant begie ﬁsed to determine the
orrest cement conbtent for s given Tips of soll were the wet-dry and
freeze~thaw tests. For each soll sample to he lnvestignted fowr wet-dry

tests and four ffee e~thaw test specimens were molded at appropriate
moistbure and cement content. Three specimens in each set were brushed
and weighed for soil lossges; the other speoeclmen was used as a control to
check Qolume and meolsture changss throughoul the twelve cycles, These
cpecinens were molded from.a combination of the plus and minug No. 4

material in the proportions ocourring naturally. Tables IV and V sghow

the final results of these durabillity tests, Plates II to V inclusive

show graphically the progressive losses by cycles, and Plates VI end VII
show the final condition of the specimens af ar 12 cysles. The regulra-

nents for satisfectory durability are that the logses durdng twelve cycles

1A -
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TABLE I1X

COMPRESSION TESTS ON MINUS NO, 4.MATERIAL

éement Compressive Zrengihs — Ibs,per s5q.07.
Sample Content Age when tastsd - days

Number % vy volume 2 . - %6
1 8 108 R13 504
10 245 492 ' 875

- I S
) G 150 278 : 403
10 546 . 708 1072
4 8 147 . T8 397
10 587 882 10838
& & =41 301 ' L2
10 279 ‘ 570 750

- : -

S L T e e e




TABLE IV

WET-DRY S0IL TOSCES IN 'TWELVE CYCLES

Sample | Cement Content Mbiéture Content Dry Density | Total SGiiT

Yumber ? by volume 4 by QEDF Wt”, Ibs.per cu.fi. Loss %
5.0 8.1 i 128.0 203

1 8.2 9.l 125.5 11,5
10.5 8.7 124.2 R etk

5.3 Bal 138.1 Ded

2 7D 8,7 138.7 2otk
9.6 8.3 138.0 0.7

5.7 7ed 132.3 44,5

4 8.0 8.2 1513 1od
10.0 7l 132.2 0.7

BB 3.9 132.0 13.4

G 742 Sel 131.8 3.8

- 10,0 8.1 121.3 1.1




TLBLE ¥

FREFZE-THAW SOIL LOSEES IN TWELVE CYCLES

Sanple Cement Content Moisture Content Dry Density Total Soil
Tumber % by volume % by 0.0 Who - | 1bseper cu.fi. Loss %
Gad 8.7 124.5 18,1
1 Bek 8.2 124.4 6.3
10.5 9.1 128.1 GPRY
505 6&:‘1 137@0 9&6
2 75 8.8 136.8 4.8
.5 Tel 137.1 0.9
5.7 T et 132.7 10.8
4 8.0 To7 133.1 L
10.0 8ol 131.3 1.1
5.6 8.2 132.2 11.3
8 7.9 Dol 131.8 4,1
10.1 83 138,22 1.8

17 -
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af either the wet-dry test or fr9323w£haw test shall not exceed 14
percent for solls with U;SWP@RaAs classification 4-3, Tt is evident that
a cement contenlt of 6 percent did not meet these reguirements for soil
Neo L and soil Noo 8 wag dangerougly close to the sllowable maximum.
However, a cement content of 8 percent did meet the requirements for

gll four soil samples. It.seemed inadvisable to specify & cement con-
tent below 8 percent since soil No. 1 show?d a total logs of 11,5 pe?ceut

during the freeze-thaw test even at this content.

Gement Content

Talkdng into consgideration that soil No. 1 compriged the major por=
tlon of the roadway and that the other goils mccurfed for the nozt pért
in short strips interspersed wilth No. 1 a cement content of 8 pércent by
volume was epecifisd for the full length of the projeche

That the selected cement conbent met the other two requirements ro-
commended for durability and serviceabdlily is shown by the ﬁata in
Teble VI, In no'case did the meximum volume chahge during the teshs to
ezazed Lwo percent and in no eage 4id the moistﬁre conbent exceed the
quantity reguirved for satuwration, when based on the volds present in the
specimen as moldaed.

Having established s cement content which on the basis of the lab-
oratory test data wéuld,assure gatisfachory hardness, durabilily end
gervicsability of a rosdway built from fhe natetials invegtigated, it
beecama possible to formulate specificatlions for fisld contrel. 4As soon

as these specifications were set up it was possible to begin congtruction,

Y. N




DATA FROM DURABILITY CONTROL

TABLE VI

SPECIVENG CONTAINING 8% CEMENT

Maztlmom Volume Change

Maxinum Moighbure

Sample % of molded volume Percentage Above
umber Teet Tyne Plus Tinus or B e}@W Satoration
1 Het=Dry 1e5 0.0 -39
Freese-Thaw 2 a0 0.0 ~3e5
2 Web-Dry 1.1 0.0 1.7
Freeze-Thaw 1.5 0.0 =18
4 Tet-Dry 1.1 0.0 2ol
Freeze-Thaw 165 Qe =18
6 Wet~Dry L.d 0.3 -1.8
Freeze-Thaw 1.5 1.l ~Gad
—_ _— —
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PART I1

CONSTRUCTION OF PROJECT

A

.Part IT explains all of the
various operations incidental
to the construction of this
goil—cement stabilization pro-

_jecta

- 0B -




8o

ERatE

CONSTRUCT.ION PROCEDURE

The consbruction procedure which is used in building a cement sta-
bilized road consists of the following operations; preperation of the

fine grade and preliminary pulverization, spotting and emptying the re-

guirsd number of cement bags, spreading the cement wmiformly, wniformly

mixing the cement and soil to the specified depth, adding the amownt of
h

'! water necessary to bring the mixbture to its oplimm moisture content,

S unifornly nixing the water with the solil-cement, compacting the soil-

i cenenb-water mizture to meximum density, shaping the compacted roadway,

5 s
- finishing the suwrface and curing. These operations as they were applied
PoT
' i to the Stookbridze project are discussed in the above owrder.
| i
B
| ® Preliminary Pulverizabion
f Pl

With the sandy =0ll which was stabilizsd on this project preliminary

pulverization was nobt necegsary. Affer fine grading operations had bLeen

completed the grader operator loosened the top five inches of the soll

with the scarifying teeth of the patrol grader. It is doubted whether

 thils operation was neceggary although it may have saved gome time in the

3 Y ey

dry mizing. At one poiant where some surface grading bad been done and
the sand borrow not used, & clay pocket aboul 50 feet long and 10 feet
wids was encountered. It was not possible to discover whether the grader

operator had feiled to scarify thils spot or not since it was covered by

about three inches of sandy meterizl. This clay was in a saturated con-

e e e e = e

dition due to the rainy weather and could not be satisfactorily pulver-

ized during mixing operations. Consequently, it was necessary to remove

PO

-

- 27 -
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this meterial with a seraper.  Possibly preliminary scarificatbion and
pulverization on the preceding day would have remedied this situabion

but becauge of the heavy nature of the clay this seems improbables

Cement Svotting

_ To obtain a cement concentration of 8 pefcent by volumz in a road-
way 22-feetlwide‘to a depth of & imches required 88 bags of cement per
statlon. These were spotted in rows of four, 4£.55 feet apart along the
roadway. The two outside sacks were 2.5 feel from the edge of the
‘treatment and 5.7 feet from the two ingide sacks. Plate VIII (a) shows
how the bags were unloaded and spotbed from the trucks. After spotilng,

the bags were opened and spread in windrows acress the roadway.

Cenent Spreading

Iniform spresding of the cement was completed by dragging the length
of the tfeatment with a splke tooth drag. Tor this procedure the teeth
on the drag were ggt almoét flat and it was found that two complete
pagses of the draé produced a layer of cement of uniform thickness.

Table VII lists the constructioﬁ operations wlth the average time'consumed
%y gach. Although this table indicates that cement could be spread over

a 1500 foot length in the same time that 1% could be spread for 1000 feet,
it should be remembered that this does not take Ilnto account the lmprove-
ment in organization by the tontractor. As the men become more familiar
with their jobs, it was no ionger necegsary to limit construction to 1000
feet,' Thé time consumed during cement zpread wag also incrsaged if the

cement was spread from stockpiles alongside the road instead of directly



§
&
<o)
L}
’ a. Spotting cement bags.
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TABLE VII

AVERACGE TIME CONSUMED IN CONSTRUCTION OPERATIONS

1500 . Section

Consgbruction 1000 £t. Section

Operation Tine — Hours Timse - Hours
Cement spread P 2
Dry Mixing 2-1/2 3
Addition of Water 1-1/2 1-3/4
Wet Mixing 1-3/4 2
Compa.ction 1-3/4 1-3/4
Shaping R s
Tinal Rolling 1-3/4 2
TOTAL TIVE 15-1/4 14-1/2

o B o

}1‘—: -:?;
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from the cement trucks. The average time for this opefation would very
1ikely be lowered if weather permitied wnloading directly from frucks
to a road surface instead of requiring occasiénal gtockpiling, Several
days of construction were logt because rain the previous day or‘night
had saturated the soil to the extent that it would have been-impossible
to wniformly mix the dry cement with it.

Table VIIT gives the statlons processed, with the dates and amount
of cement used for each. An equivalent of 183.17 ctations, which werse
processed, would vequire only 3,589-3/4 barrels of cement which in com—
parigon with the 5,677m5/4 barrels used, dndicates an overrun of 88
barrels, However, no account was taken for the extra cement reguired in
the intersection at the south end which amounted to over 2200 gquars
feet of sﬁrfacea The remainder of the exbra cement was consumed by
"sweebening" at the Joints and cubting back which was sometimes necessary,
particuiarly at the start ofrconstruction. Notwithstanding, an overrua
of approximetely 2.4 percent is nobt out of line for this type of con~

struction.

Dry Mixing Ooerations

Ls soon ag cement spreading was completed dry mixing operations were
begun. Thiee pieces of eguipment were necessary to satisfactorily mix
+the s0il and cement; a fleld culiivator, a rotary tiller and a three gang
plow. The operatlion of these three pleces of eguipment is illustrated.
in Plate VITIT (b}, {e) and (d). The cultivator wag sel to scarify the

soil to a depth of about 5-1/2 inches and was useful in cubbting the cement

- Bl -
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~ RECORD OF CONSTRUCTION AND CEMENT USED

TABLE VIIT

Date of

Cohstruetion Stations Procegged Cement Used
D441, 99+00 - 94400 120 bbls.
9-29-41 94400 - 99+18 120 n
10-1-31 99418 ~ 108+38 215 "
10241 108+88 - 118+82 220 00"
10-4-41 118482 — 129408 226 "
10-6--41 128408 - 144400 BLO "
10-8-41 144400 ~ 160489 B7l-1/4 ®
10-9-41 180+89 ~ 165+39 100 "
10-10-41 165439 - 179404 500 "
10-11-41 179404 - 195447 540 n
101541 195+47 - 208433 225 "
10-16-41 208435 — 225425 540 "
10-17-41 223425 ~ RZE+H4E 225 "

Pa teh (11 feet wide)
10-20-41 {218+55 ~ 219484 15-1/2
{Approach to 246+50 - (317 f£t.)| 70 "

10-21-41 ; | 23548 - 249+44 552 "
TOTAL 183,17 Stations E877-5/4 "
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into the soils Becauss of the distence between teeth such an imple-
mént could not adequately mix soil and cemenb, however, when followed
by a robary tiller operated by povwer tékeoff, a thorough job of mixing
could be done in this soil. A% the start of the project considerable
delay was caused by lack of sufficient power to operate the tiller

{35 h.p.). However, when a power takeoff was obtzined for the 55 hep.
tractor, good mixing was obtained at a more uniform and more rapid rate
of speed, Because of the very stony naturé of this soil it was necess—
sry to reinforce the back board of the tiller and to check regularly
for broken teebth., 1T some of the larger stones had been removed at the
borrow pit, damage to the $1ller would heve been reduced considerably.
Since the mixing vnlt of the tiller used on this job wae only & feet
wide, it was necessary té make five passes to cover the full 22 feet of
roadway, however, one pass over a glven spot was sufficient*to mix the
top five inches.

After the tiller had conpletely covered the full width of trestment
once, being run Siﬁultaneously with the cultivator, the three geng plow
wags used. This iﬁplement ig gpecified for sccurate control of depth of
treatment and served to turn up any vmmixed soil down to the six inch
level, TWith the good type of grading of the soil materisl on this pro-
ject, very accurate control of depth was peossible becauvse of the stabllity
of the base. Data from the 55 tegt holes showed the aversge depth of
trestment to be 8.2 inches. Plowing was begun at the center line and

continuved until furrows were lefi along the edge of treatment.
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Ag soon as plowing was completed‘the cultivator and tiller continued
dry mixing end the patrol grader with tilted blade - trimmed the edge of
fhe treatment and shaﬁed the mixture tc the.general cutlines of the finigh-—
ed roadway. This operstion is illustrated in Plate IX (a)., A wniform
dry mix té a depth of six inchés was usually obtained by the tiﬁe the
tiller had completely covered the treatment, At this time the character
of the mix was checked by the trenckimethode In thic maymer streaks of
cement or soll indicative of Ingulficlent mixing were readily observed and
mizing wag continted wntil these were eliminated. When dry mixing hed been
compieﬁed, a compoglbe sample of about 15 pounds waé taken for delerming-—

tion of moisture, percentage of plus No. 4 materizl, and fizld moisture

dengity curve.

Adding Water

Field molsture-density tests, 1like the laboratory teslts, were run on
the minus No. 4 sgoil-cement mixture and the opbtimm moisture required for
maximum density was determined for the section of road being processed,

By lmnowing the percentage molsture in the minus No. 4 soil-cement dry mix,

" the additional water required to bring this mixture to 0p£imnm was readily

caleulated, However, it ghould be remembered that the percentagé of plus

No. 4 material in the soll must be taken into sccount. Since the larger

materiel ig relatively insctive in absorbing moisture a correction mast

be made in the amount of water to be added to the totel rosdway soll which
eliminates the weight of that part of soil which is plus No. 4 materiel.

Tt wag found by fleld experience that water added only on the basls of
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Ce Compécting with the sheepsfoot roller.

ds Final shaping with the patrol grader,
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welght of minus No. 4 scll cement ﬁaslinsufficient whersas that addedl
consideriné the totel soll +to be minus No, 4 was in excesg. For field
practice a value about half way belween the two was selected and final
moisture checks made on specimens indicsted that the moisture conbent
vas within 1 percent of the opbtimum in almost every case.

Water wes added to the dry mix by the use of two pregsure dipiri-
butors with 11 foot spray bars. Plate IX (b) chows the distributor in
operation. One distributor held 2600 gallong, the other 2900 gallens.
With these 1t was peseible to add The required water at guite a rapid

rate and gtill mainbain uniform distribution. For the first days run

the spray bars were not exactly 11 feet and overlspping ceauged a wet

gtresk down the center of the road. Thls was corrected by plugging scme
of the outgide holes in the bars. The conbractor hﬁd@i‘ﬁﬁDO gallon
storage tank so arrénged ag to fill the distributors by gravity feed.
This emsbled the saving of congiderable time in water dlstribubion. In

referring to Table VIT it should be noted that rainy weather kept the

‘roadway soll at & falrly bigh moigture content during most of the con-

struction period and thet higher temperatures and dryer weather would

have considerably incressed the time required for weter distribuition.

Tet Mixing Operationg

Wet mixing started immediately after the first pass of the water dls-
tributor. During the time that the water was belng added the field culti~
vator was in operation, continuously to cubt the water into the soil, remove

#

&

compached tracks of the distributors, and mix the water with the soll as
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; Q%(@% evenly as posgible to & depth of 6 inches. The cultivator alone looked
té be adeguate for mixing the water imbo the goll, =o the tiller was not
used before the plow in the wet mix. Thus, a half hour to &n hours time
j__ was sgaved and an even disitribution of the water was obtained in the final

wiet wmix,

The remaining operations involved in wel wmixing were exactly the same
as the dry mixing. Agéer the culiivator ceme the plow to turn the nix
over and bring to the top sny dry soilmcemeit mix, bnce again, the patrol
gréder.trimmed the edges and ghaped the grade; and then the tiller snd
cultivetor completed the mixing operations. As in the dry nixing opera-
tions, a waiform mixture of soil, cement and water was usually obtained
by the time the rotary tiller had completely covered the tfeéted roadwny o

One of the most difficult problemg encountered in the road mix

nethod ig that of mixing adjacent to completed ﬁork, removal of header
beards, and finishiﬁg of joints., At the end of each days run, the pro-
cegsed roadway was squared off and 6" x 6" header boards were placed to
prevent breakdow&f§f the treatment. To obtain & wniform mixture in front
of the header end still provide an adeguate turnaround for eguipment re-

guired some experimentation. The Portland Cement Assgoclation recommended

wagting the top & imcﬁes of £ill meterizl for 50 feet at the beginning of
the first days run, using thig space Tor an egulpment fturnaround, and
héuling back with scrapef from the end of procecssed section completely
mixed material to Till fhis area prior to compaction. Thig nrocedure Was
adopted for the first two days of processing and then'digcarded for a

much simpler method. Hauling back the mixed matsrial in the scraper was
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not only & very time-conguming operatiom, but slgo was found to be very
wasteful of material, The trips of the tractor and scraper over the gradé
cetiged surface compaction of some of the processed soll requiring addition-
al time to loosen it before sheeps-foot compaction.

The procedure of mixing‘next to the header wag changed on the third
day of consltruetion. For this, the turnarcund was bullt on the completed
roadwey with a platform of 2" x 12" planks covered with 2-3 inches ofl
soil, This‘prevented any damage to the surface of the previous counsbruc—
ti@ne A raw goll sgtrip about 2 feel wide waz left apgainst the header board
matil the finai gtages of the miﬁing operation, but next td thie & trench

about 2 feel wide and € incheg deep wag dug which permitied the mixing

©gguipment to get down to specifisd depth eg close to the header ag possible,

Thistrench was kept opern by one man whose job it war to handle all construc-
tion &t the Joints. When wel nixing wae nearly'completeé the raw soil

next to the header was removed with ghovels and %hrqwn ok with the mixed
soil. To thls raw éoil was added 5 sacks of cement which had been saved

for this purpose and mixing was accompliched by trensverse movement of the
cultivator end tiller. The patrol grader wag used‘ta return the material
to the adjacent end of the preceding section, the header bosrds and cover
platforms having been removed. As soon asg the cultlvator had locsened sll
compachion planes caused by the grader, compaction could be sterted on

the whole section,.

Compaction of Soll-Cement-Water Mixture

On thie project compaction was obtained by the use of one double drum

sheeps—foot roller with feet having zn srea of 6 sguare inches. Plate KX
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{c) shows the method of compaction with the sheeps-foot roller. At first
it wag thoﬁghtthat the wmit pressures exerted by this roller were too
great when filled with water‘and the water was removed to the half-way
mark giving wmit pressures of‘abouﬁ 180 pounds per square inch., During
the first few days processing the roller did not pack out satisfactorily,
but it should be considered.that the time for packing was sometinmes
neceggarily reduced because of a desire Yo finlsh the processed seetion
before darlk and often by the necegsity of ;ealing the surface before too
mach rein entered into the mixture. Later, when a betber organization was
realizéd and clear days permitted more attention tc he directed to com-
paction procedure, the'rpller drums were completely filled with water 1o
glve unlt pressures of aboui 200 pcﬁnds per sguare inch, and the roller
packed ouh very satigfactorily. Table IZ shows that sctual roadway den-
gities were just as good at the beginning of the project-as ﬁear the end.
Thisg indicate$ that ingufficient rolling is né% wholly respongible for
low tegt hole densitles as compared with specimen densities and maximum
density from fieid test curves.

Both rubber-tired and eaterpillar type tractorg were tested for use
in pulling the shee§s=foot roller. »It was founé that when the rubber-
+ired tractor was used alone the roller packed ocut much too fasgt because
of surfacé compection by the tirves and good compaction was not oblained
&t the bage of the treatment, On the obher haﬂd; the caterpillar tractor
enabled good compaction at the base, bub the rollér would pack cut only
to a depth of about 2 inches from the surface since the track cleats pre-

vented compaction of the surface, On several days runs the caterpillar
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TABLE IX

COMPARISON OF MINUS NO. 4 SOIL-CENENT DEMSITIES

Field Moigture Specimen Densities, | Test Hole Densities
Station No. | Densily Test 1y po0y Highest | Lowesh Highest
9499 1302 ) 120,7 1%0.3
99-109 127.E _ 114,7 138.8
108-119 1318 124.1 1272 118.2 1303
118-129 115.8 132.4
1728-144 127,.8 116.¢€ 124.4 ils.C 124,.C
144161 127, %% 123.€ 124.0 117.2 122.2
161-185 124.4 125.8 126.7 128.0
185-279 121.6 126.1 117.2 126.C
179-195 ' 128482 125.1 115.8 120.0
195-208 128.1 122.0 126.2 12,0 12242
208-223 : 120,86 124,1 106,.6 112.8
22B-233 ‘ 118.0 125.8

* Corrected density from moisture-densilty curve of total soil




tractor wes used for prelimirary packiﬁg and the rubber-tired tracbor
for final packing, but this proved to be of no particulsr advantage

since the patrol greder compacted the surface 2 Inches as well as the

tractor and sheeps-foobt roller, Such complete packing oubl was not par-

ticulayly‘desirable for the grader required a mulch to build his final
graede, and at least one inch of mulch was essential to obtain & good
Surféée efter final rollingn

Table I¥ compares the road densities agd conﬁrol densitieg. The
ﬁetermimation of meximum density of the minuve No., 4 séilncement hasg
been previously described, the fleld specimens were molded in the Proc—
tor cylinder from the total wet mix material iImmediately preceding

compaction, and the test holes wers dug in the roadwsy the day Tollowing

processing. Thus, both the speeimens eand the test holes Involved plus

Yoo, 4 material and the densitles had to be corrected for the percentage

of plus No. 4 meterisl for comparisch with eopbimum moisture—meximum
densityideterminationse It was found that‘only in a very few cages
were the test holé corrected densitieg ﬁithin the 5pecified 5 pounds of
the fieid maximum denglty determinations. Even when compared with the
lowest sgpecimen density for tﬁe same days run tﬁe difference was often
greater then & pouﬁdss It was also noticed that the lowest gpeclumen

densities were alwayes lower than the field maximim densities and some-

“times more thsn 5 pounds lower. Disregarding the fact that ingufficlent

sheeps-Ffoot compaction might haye been given to the roadway soil there
are several obhsr vespgons for thede dimerepancies. I the moighture In

the wet mix was nobt exsctly at opbimum both specimen and test hole



densifies would be lower, howsver, in seversl cases, moisture determing~
tions showeﬁ the wet mix bo conbain exactly opbimum moisture and dengi-
tles were still lew. In correcting both fleld and specimen total densi-
tieg to minus No. 4 soll-cement density, the laboratory determination of
gpecific gravity of the plus No. 4 materizl was assumed to hold true
while the percentege of plus No., 4 material in the specimens was deter-
nined by = representative.samplee Varigtions in either one of theée

bl

factors could considersbly change the corrected density, and such vari-
gtiong undoubtedly oecursd. MAnother féctor worthy of consideration is
the difference in denelly caused by the hydration of cement., Even

theugh several of‘the field moisture-density curves were run delayed,
that is by allowing one-half hour {to sn hour) interval bebween each
dengity determinstion al an incressed Waterlcontent, the tolal elapsed
time duriog the test &id not exceed four hourg, while the time after
field dry mizing wiil completion of compactidn averaged five to six
hours. The fundamgnﬁal agsunpticn that the density of the minug No, 4
goil-cement material when compacteé alone should be compared with the
density of the same material when compacted in the presence of a rela-
tively large amommt of plug Wo. 4 material iz very likely nolt strictly
true, The average percentsge of plus No. 4 mabterisl was 20.5 as deber-
mined from test holes and in one section 2 percentege as high as 30 was
not mcomnon. The differences between specimen densitiles and field maxi-
mim dengliies would Indicate that the fine materlal counld net be ag well
compdctad when mized with the rock even in a Proctor cylinder. In the
roadway where arching action of the rock Wag more likely to occour differ--

enceg in density of the fine material would probably be even more pro-

nouneed.




?erhaps a more valid check on roadway densities is the comparicon
between tobal speclmen ﬁgnsities and tokal test hole deﬁsities which 1s
given in Table X. Of the thirteen statlons at which specimens were
molded and test holes bored, six showed differences in densities of over
flve pounds per cuble foot. For the nine stations at which the specimen
densitles were the grealer, the average difference was only 8.7 pounds

per cublc foot and in only one case was the difference as grealt as 10

pounds per evbic foot, This comparison is eomewhat in error because the

specimens molded from a composite sample taken at a given gtation would
not necegearily cbntain the pame amount of plug ¥Wo. 4 material as a hegh
hole bored at any glven spot al the same station. Nevertheless, the two
do agree quite well and the indication ig thet, for the most part, as

good compaction as could be expacted was obtained.

Shoping of Completed Roadway

Ls soon as the cheeps-foob roiler had packed out a depth of abdﬁt
4 inches the patrél grader started finol ghaping operations, including
building the crown. Usually the greder and roller worked simultaneously
for about three-quarters of an hour and then the grader completed final
shaping of the roadwny which is illustrated in Plate IX {d). The time
regquired for grading opsrations &8s shown in Table VIT includee shaping
during both wet and dry mixzing, which has been mentioned, asz well asg
the final shaping which by itegelf averaged aboul one hours work.

When the final shaping opegations had been completed, it was posgible
to prepare the road surface for final finieching. Tn order to prevent

chipping or raveling due to compaction planes near the surface, caused
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TABLE X

COMPARTSON OF TOTAL DENSITIES

Station Speclmen Densities | Test Hole
Number Aversge of 2 Dengities Difference
153 129.2 131.8 -2 o0
138 1268.C - 131.8 . ~5.8
143 182.5 125,8 G5
155 1287 124.8 4.4
182 121.3 132,32 ~1.C
170+E0 132.8 128.8 9.0
174380 128.2 126.C 28
184 122.2 126,12 6.1
180 181.E 125.4 5.9
126 15l.2 127.1 4,1
205 127.7 128.5 3,8
212 127.7 118,2 7.8
218 : 122.0 11&8.8 10.5 B
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by grader whecls or the sheeps~foot roller, a loose uniform muleh aboub
1-1/2 inches deep was built with a spike~tooth drag followed by a broom
dreg. See Plate ¥ {a). During the first daye run 2 nail drag was used
but pfoved to be dmpractical on this project as the stones would lodge
between the nalls end leave ruts not filled in by the broom. The spike
tooth drag worked very well except in some cul sections of the natural
goil which were higher in clay content. I§ this heavier soil type an

impleiment with the téeth cloger together would have been more useful in

forming the mulch.

Finiching Surface

Four different procedures were tried oub for finishing the surfzce
of the processed section. Becsuse of the large smount of stone which
was present 1t wes guite difficult to obtain a smooth surface, howsver,
by eﬁperimemtaﬁiom a procedure was developed which produced a very
accepbabls surface. On the first day of processing the contractor had
only a small steéi roller which was an attachment to the paltrol greder.
It wag not possible to uwse this roller a2t all because it did not cover
the traeclks lsft by the grader wheels and these could,notb be rolled oub,
Also, because of the smallldiameter<of the roller, cracks were left in
the road surface due To shoving, Cénsequently, on this first day the
pnetmatic roller was the oﬁly equipment used for rolliﬁgo Natvrally,
this roller would not press the stones into the surface completely and
2} veﬁy po&r 1ooking'job was obtasined. Tt was clear that Eefore addition-

al processing could be dome a twu wheeled tandem roller must be available.




PLATE X

‘a. .Dragging to remove surface compaction
planes and produce a mulch.




Oﬁ the second day Of.pPOQESSng the muleh surface was fivet covereﬁ
once ﬁi%h_the preumatic roller® to knlt the surface in order to prevent
shoveling, and picking up on the séeel roller; second, rolled once with
the steel roller begimning at the edge and rolling to cenber to press in
the stones and give & smoolh riding quality; and finally, rolled several
times with the pnoumatlce roller to remove agy gtesl roller marks which
aight be present and to knit the fine neterial Tirmly aroundrthe stones.,
This method, however, was nol enbirely sati;faCEé?y as the sleel roller
did not completely eliminate the tire marks left by the pneumatlc roller
on the first pass. It waé found while using this finighing procsdure
that steel rolling from the center of the road to the edge would élimimate
to a great extent any roller creases and did not injure the cromn. After
that, all steel rolling was done in such a WEY

On the eighth day of procssszing, becauge of digsatisfaction with pre-
vious surfaces, i% was decided to use the smooth steel roller dirsctly
on the surface mualeh, followed by the memmatic roller., Such a procedure
géve a smoobhar sﬁrface than any which had been obteined, although on
thie jarticular day some pickup did ocour because the rolling was done in
& lighl vain. Plate T (b) shows the use of* the gtzel roller direchly on-
the muleh, The final rolling procedure was simply an extension of this
method Lo include a.seccnd application of the steel roller after the
pneumatié roller héd it bhe surface sbone in place. Using the steel
roller 1aét served to elinminate any small ridges which might have been
lefﬁ‘by the pneumatic roller and & very-acceptable surface was obﬁaineda

Whea usioz the stesl roller firsh, great care was necessary to have the
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surface mulch very nearly ab optimum ﬁoisturg content. If the surface
wes too dry, cracking and shoving would ocewr and if it was foo wet bthe
steel roller would pick wp the material. It was sometimes necessary to
give the roadway a light sprey of wabter just before mulch-building opera-
tions, but this was only done when it was evident that the surfacé Wwas
much too dry. In general, it was found thal less damage to the surface
resulted if rolled slightly dry than if rolled slightly wet. The finish-
ed gurfaces on this project ﬁould in general have been much better had

i% not been for the exceptional amount of rain falling during the con-
struction period. On five of the fifteen days of processing, it was
raining while finsl ¥olling nwas being done.

During finel rolling operations Qertﬁin conditions sometimes appear-
ed which were not evident in mixing operations. These were all noticed in
sections where surface grading had been dous, thus introdueing a laréar
percentage of top-soil into the roadway. In-spots where the surface had
& high proportion of silt or very fine sand the stebiliiy was low. This
condition was eviéeneed by the fact thaf the sfeel roller had a tendency
to shove and leave check eracks in these places, . However, in most czses
the pneumatic roller was able to seal these cracks and, furthermore, visual
inspection the follewing day indicated that the cement had hardened nor-
mally in these spots. Only‘exposure'to weather conditions will show
whet%?r fallure will occur soonex gt these sllty spots. 8ilty topsoil
‘was élso résponsible for another condition which appesred during final
rolling. TIn this case a layer of topsoil had been burled at a depth of

8 to 12 inches and subsequently became saturated by the rains. When the




gbeel roller passed over this sectioﬁ'déep rubs and cracks were left in
the road surface., Upon inspection it wes found that these cracks ex-
tended complebely through the processed soil into the spongy material
below. Here it was necegsary to remove all material down through the
paturated topsoll, refill with borrow material and reprocess the sectlon

¢

which wag about 100 feet long and 11 feet wide,

~ Luring of Completed Surface ,

The finzl stage of construction of the soiincement roadway is curing.
On this project the completed roadway was coversd with a protective laye:
of straw on the day following procegging. Throughout the seven day cur=
ing period the straw was kept damp by welting down with the water distri-
butor. As soon as the soil-ecement had cured, the straw cover was removed
and the road was opened to traffic. The time required for covering is
not listed in Table VII siige it varied a great deal depending upon the
distance of haul from the straw stack to the project. However, the time
to cover 1500 feet on favorable days was estimsted at shout three hours
including the loading of the truck and the hauling. It was noticed that
gtraw was a poor type of covering to use during the fall season singe it
wag impossible to load and evenly distribube the stfaw on very windy days.
For this reason, it was somebimes late afternoon before the processed

roadway was covered wheress it should have been completely covered before

nogns

Summary and Suggestions
A complete summary of construction irregularities is presented in

Table X located at the end of Part IT,
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Table VII shows that the total time réquired for processing 1000
t.o 1500 feet was from 13 to 14 hours. In this time the cement was in
contact with water over 7 hours before soil and cement were compacted,

A question shoﬁld be rais_edA about the setting and hardening properties

of the cement after being worked in the presence of waber for such a
tine. Unguestionably the cement loses some of its gtrength during mix-
ing operations and direct correlation with laboratory durability specimen
Seems very dubious,‘ Some study should be made of the effect of time of
mixing soil and cement wilth the durability of the specimens.

Of the operations required in the road mix method of soll-cement
congtruction it seems that only one might be eliminated. Although the
plow 1s often a valusble implement in controlling depth of treatment,
it may also be responsible for exbending the treatment too deep. This
wes particularly true wi'ﬁh the type ‘;ﬁof material encountéred on fhe Gray-
ling projecht, where it was almogh impossible to keep the depth of treat-
ment within the specified limits. Even on this project it is conceivable’
that plowing mght be eliminated if heavy duby rotary tillers were avail-
able. Without thé plow, in some cases, such a uniform depth of treatment

"might not be obtained but there would nct,.be the danger of going too
deep and the elimination of this one eperation would save at least two
hours and probsbly more in & 1500 fool section.

A procédure which ig specified by the Portland Cement Association
and which eeems to be superflous is that of covering or rolling the pro-
cessed roadway before construction is complebted in the event of a rain.

Thie is true particularly in a rainy season such as was encountered on
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this project. However, it is necessary to finish construction within

12 to 15 hours after the cement is mixed with the soil, consequently if
processing is not completed within ihis time the whole section is ruined.
It may be said that rain wi;l usually fall only for a short time or cénm
tinue for sucﬁ a time that once construction 1s stopped it is impossible
to start again and complete operations within the allotted time. In the
majority of cases not enongh rain will fall to injure the soil-cement

nix during a short shower. If the rain continues for some time it is
better to conbinue congtruction, shortoning procedures wherever posgible,
in an attemplt to complete processing rather than stop and lose the section

by not being able to gebt back on it in time.
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TABLE X

SUMMARY OF CONSTRUCTION IRREGULARITIES

L

Weather

Teat Hole Densities

Datgw Stationing Construction Irregularities Soil Irregulsrities ‘Stationi_Totﬂl‘! Vi R
CouZfped . 90 to 94 Clear - 2., § No smooth rolling to punch in roeki None. Soil of Fox 90+50 116.5 108.0
Cloudy — pele| due to lack of proper type of steel] sandy borvow, 9R+00 110.8 105,28
i roller. Material at Sta. 90 to 90+ 95450 138,.2 131,6
50 mixed shesd and hauled back by :
scraper. Premature packing of East
side of road by tractor and scrspen
Sheepefoot roller did not paclk
lower part of treatment,
G20/ 94 to 99H8| Partly cloudy| Center of the rosd received too None. Soll of Pox {94450 138.£ 13G.3
8.0Me much water due to overlapping of sandy borrow. S6+50 126.,9 120.7
Partly cloudy] spray bar on dlstributor. Some 98+00 128,.0 123.0
DoTle pickup occurred when rolled. Ma- '
terial at Sta. 94 to 94H40 was
mixed ahead and hauled back by }
tractor and serapers Finlshing:
preumstic, steel, the pneumatiec
- roller,
10-1=41 9%+18 to Partly cloudy| Nones Finishing: Pneumatic, steel,| None. Soll of Fox |99+50 117.8 1147
: 108488 aelMe then pneumatic roller. sandy borrow. 101450 1341 12644,
‘ Cloudy ~ péme : ' 1934+50 | 140.7 133.8
105450 130.2 124.0
-1 108+00 130,.4 120.9
10<2-41 108488 to | Ealr - z.m. None. Finishing: Pueumatic,steel,| Soil of Fox sandy [108+95 133.0 123.0
114482 Poartly cloudy] thenpneumatic roller. borrow. High in +4 |110+50 131.2 122,.2
slight rain : material, 112+50 [ 128.6 | 120.0
during rolling 25 to 30% +4 114456 | 128,6 | 118.2
Dol 117400 | 137.5 130.2 .

Pt
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Date

‘-Weather

Genstruction Irregularities

Soil Irrvegularities

Test Holé Densities

R

Statieni .
5 ening T 3 ~Station| Totel | —4SC
10-4~-41 118482 to | Partly cloudy | Rain began during wet mixing rais—- | Soil of Fox sandy {1194+00 |132.0 121,.C
12948 felMs ing moigture content about 2% shove | borrow. Very high [121+00 {127.2 118 .7
Showers - poite | optimam. Compactlion time was con- | in +4 material, 25 1123400 {139.5 132.4
siderably shortened. Pneumstic to 30% +h 126+00 | 126.0 115.8
rolling was done ir heavy rein and 1284560 | 133.1 121,32
the road surface wag soupys. Sheel
roller removed tire marks but left
pome creases. Final pneumatic rol-
1ing not dones It is estimated thai
the cement was washed out of 1/4 49
1/2% of the gurface.
10641 12948 to Falr - a.m. Compaction time shortened because | Soil of Fox sandy (129428 [127.0 1ig,.©
14400 Clondy to of impending rain. Both pneumstic | borrow. 20 to 25% [133+00 |131.8 123.9
' rain — pels and stesl rolling was done in +ha 136456 {130,1 1240
heevy rain leaving deep roller 138400 131.8 119.0
creages in the surface. Final pnen- 1A2400 {1 130.7 121.2
matic roliing was not done. Rain . ‘ :
lasted most of the night and on
the next morning the surface was
not yet hard. Steel roller was
used zgein in the morning to re— -
move the deep roller marks.
10-8-41 | 144+00 to | Cloudy — a.me | Wone Soil of Fox sandy {144+50 1130.2 | 117.2
160489 Fair — pem. borrow. 149400 [125.8 | 118.5
152400 [ 129.3 121,.5
155+00 | 124..8 118.6
159+00 |128.4 122.2
.;‘j
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Test Hole Dengities

Date Stationing | Teather. . Gonstruct;on ;rregularltles | Soil I?régulgritiég‘ Stotion |Totall —isC .
10-9-41 { 160+89 to | Cloudy - a.ms. | Sheeps—foot roller packed cut com- | Soil of Fox sandy |161+400 132,2 { 129,C
165439 Rain — Pelle pletely, Finishing: Steel roller borrows. 162400 132,32 | 126,6
: used direectly on mulech followed by 164400 3133.0 { 125.7
prneumatic to knit in the stones.
Rein prevented finighing with-
steel roller,
10-10-41 | 165439 to | Pertly cloudy | Finishings: steel rolier followed S0il of Fox sandy |[165+50 133.1 | 125.8
179404 8eMe by pneumatic reller. borrow. 167450 - 1295 | 126.0
Cloudy — Dals ' 170450 | 123.8 | 117.2
: 174450 126,00 | 123.8
177450 126.8 | 119.2 '
101041 | 179404 Bo | Fair =« 2.m. Rubber tired tractor used to pull Strip of sandy clay] 179+50 124..3 | 118.0
19344 Partly eloudy | sheeps~foolt. Thig seemed to cause about 10 £, wide |182+00 172.8 | 116,2
, Palte premature packing and may have removed from center|185+00 12641 | 120.0
been partially responsible for of road at sta. 192ﬂ190+00 12504 | 118,7
low densities. Finighing: steel 10 td 192+80. From |192+50 118.5 | 115,28
roller, then pneumatlic, followed gta. 192 to I93+50
by steel for final finighing, the roadbed wag
: gquite rich in top-
goil which apparent
1y had .been pulled
in from the shoul-
derg and did not
come from barrowpi
This materizl had a
gilty texture, did
not pack out well,
and formed surface
ceracks wnder the
weight of the sheel
roller.
Pty
)
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Test Hole Densities

Final steel rolling could not
be done since roller begen to
pick up the surface which was
wet by the rain.

|existed, A strip

sbout & £t. wide in
the center of the
road from sta. 223+
30 te 224400 cracked
congiderably under
the welght of the
roller,

.‘Daﬁe : Sta#len;pg‘ Weather Construction ;rrggularlties Soil Irrégglarlﬁieg Stetion] Total [ 756
135=41 | 193047 te [Faly — a.m. None., Finighing: steel reller, then{Scil of Fex sandy 195+00 127.1 | 122.2
208+33 Falr - pelts pneumatic, then steel. borrow. 200400 121,22 | 112.0
£05+00 128,58 | 118.8
11-16-41 | 208433 to |Falr - z.m. Nenes, Sheeps-foot seemed to pack This soil was low ini209+00 11401 | 106.6
‘ 223¥25 Falr — Defle out it good shape. Finighing: gteel|+4 material and in 212400 116.2: | 1326
roller, then pneumstic, then steel.|general had a silt~ [218+00 118.5 | 118.5
‘ ier texbture. On the |21S+30 115.6 | 111,2
left gide of the
road between stz
218+53 and 219+6/,
" it wag found that
the reoad had been
laid on a subgrade
of sziturated top-
{&80il. This preven~
ted packing. or rol-
ling of the suriace
end was therefere ’
removed and patch-~
ed later.
11-17-41 | 223425 to |Cloudy — a.me | Sheeps-foot compaction appeawed During steel rolling|223+50 125.5 | 120.@
R33+46 Cloudy te to be good, Finishing: steel it wag noticed that |228400 131.0 | 123.8
showers — par: | rolling followed by pneumatic. several silty epots [232+00 125.¢ | 119.0
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Test Hole Dengities

Date Statig)ning Weather Congtruction Irregularities S0il Irregularities
N | . ' Station /| Total | —4SC

10-20-41 | Pateh 218+ [Fair — a.me None. Fox sandy borrow. Not. tested.

53 te 219'5‘64 Fair - Pelle '
16-20-/1 | Approach toiFair None, Fox gandy borrow 246450 126.4 ) 117.2

' | sta. 246+50 E :

10-23~41 | 233446 to i0loudy = a.m, | Nones Fox sandy borrow. Not tested.

249+44 - (Tair - p.ine '

b 13
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PART IIX

CONDITION SURVEIS

4

"Part III eontains a graphieal
presentation of the road surface
after one winter of service, as
well as a station to station des-
eription of the road surface as
it appearsd upon visual obsarvan.

tion.
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CONDITION SURVEYS

Under normal conditions a soil-cement etabilized road surface will
abrad; under westhering and traffic. Consequently, it iswﬁecessary to
treat the surfacé with some kind of a bituminous wearing cosrse to pre-
serVB the surface. The gurface treatment is uswally applied within a
Specified time after completion of the projqct. The Steockbridge pro-
ject was completed so late in tﬁe year that it was congidered inadvig-
able ﬁo treai the surfece with any kind of =z bituminous geals Conge-
quently, the project has gdne through one winter seasén wilthout a seal
cosb _énd with the excepﬁion of a few areas, has come through in fair
condition considering the conditions under which it was constiucted.

Condition gurveys have been made Lo ascertaln the general eondi-
tion of the project. Thé surveys consist of a detailed crack and sur-
face ;ondition examination which hags been plotted on specially prepsred '
graph paéer, and visuzl examination by the personnel of the Testing

Divieion and by repfesentatives of the Portland Cement Assoelation.

Crack and Surface Condition Surfay

A detailed erack and gurface conditlon survey was made on March
2%y 1942 by To Ho Thoruburn and G. A. Ryan of the Regearch Division° ‘
The survey included the location-bf stations of all cracks, joinbs,
and of rubted, pitted and raveled arens as well as other defects which
were apparent; The condition svrvey will be found st the end of this
rep@rt; The defects are designated by the fellowing_legend; Surface

rutting (SR), surface rutted and rough (SR-R), surface bedly rubted
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(SBR), surface badly‘rutted.and rough (SBR~R), and edge raveling (ER).

Condition Survey by Testing Division

A% the request of lr. W.:W° McLaughlin, Testing Engineer, Meésrs.
Rathfoot, Olmstead and Stokstad made‘a visual examination bf the
Stockbridge project on March 17, 1942. A report covefing their find-
ings was submitied by Mre. O« Lo Stokstad on March 18th. The report

in fall is as follows: »

St&.o 93 (PQO!B@) 'to Stae 120 —

Structurally the slab is in excellent condition. Some
of the joints between deily runs need paiehing. Traffic
hag cauged some surface abrasion.

Fill gettlement over the culvert at Sta. 114 is causing
gome glab weakening.

Sta. 120 to Bta. 190 -

This sectlon lg in good condition showing gome local
pitting and some raveling slong the edge., General sur-
face sbragion caused by traffic. Fill settlement at
the eulvert Sta, 130 and peat swamp Sta. 131, has also
cauged gome weskening of the goil cement. Some patching
will be necesgarye

Bta. 190 to Sta. 198 -

This is the poorest section of the enbire project.
Chuck heles are formlng in the slab which causes it
to look like a gravel road without msintenance. The
sglab lsckps the cracking charscterigtic of the best
asctions.

Sta. 198 to Sta. 207 -
This section 1g in good condition with some pitting and

glisght raveling. Some patehing will be necegsary before
applying a surface treatment.
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Sta..

Staa

Stg.

Sta.

Stan

:207 to Bta, 211 -

A poor section showing a tendency tOWard chuck hole
formation, The restiiting poor surface drainzge pro-
bebly has a tendency to accelerate the destructive
sction of trafflc.

211 to Sta. 223 -

rbengive pitling was observed in this secbion resuliing
in a poor to falr gurface condition ag compared to the
balance of the projefi: Considerable patching will be
necegsary before applying the bituminous surface treatment.

223 to Sta. 230 -

In good condition with glight tendency toward pltflnﬁ
snd edge raveling.

230 %o Sta. 237 -

Fdge fallures and pltting is common requiring considersble
Pthﬂlﬂg before applying a Wearing course.
237 to Sta. 249 (PuN.E.) -

The surface is in fair to good condition with some pitting
which will requirs patching.

Conclusions -

1. Of the 3 miles involved in thig project 1/4 mile is
definitely bad.

2« There is no obvioung evidence of foundation weaknesse.

3« The soll-cement has the appearance of being on the
lean sgide with respect to cement content.

4a  Less failure would have resulted if thisg project
eoottld have been gealed lsst fall. On the other
hand this is a research project and as such ghould
be subjected to a gevere ftest in order to uncover
information useful in the design and construction
of future soll-cement projects.
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Recommendations -
1. Obtain cores for -

a. Cement content tegts.
be Freezing and thawing tesis.
. Dengity tests.

2. Mzke condition survsy'in order <to have s map of the
pregent slab with which to compare the consiruction
record. The map Lo show -

a. cracks

be pi'tS *
e, Jjoints and thin condition
d., disintegration

.8s Taveling

£, chuck hole sections

go culvert £i11 settlements
he swamp £ill settlomentsg

i. edge failures

3a Paﬁch.and seal gs soon as weather permits.

Condition Survey by Portlend Cement Asgoclstion:

At the request of the Regearch Division the Portland Cement Assocla-
tion mede an examinabtion of the Stockbridge project since thelr represea-
tative was pregent during conglruction operations. Thelr inspection was
made by Hessrs. J. 0. Granmum: and K. W, Shell on March 25, 1942. The

report of their examination is presented in full as follows -

Section #1 = Sta. 2H00 to 94+00 and inbersection
widening (9/25). Top surface has uniform shallow
ravel. 8«0 in intersection wings medium hard.
Revelled fines accumulated zlong section edges.
End joint ravelled 1V to 1-1/2%, Wegl edge S-C
mediun hard,

Section #2  Sta. 94+00 to 9918 (9/29)

Take off jolnt very good with a few shallow ruts
ravelled and general light surface ravel. End
joint ravelled back 30' east glde and 50' west
gide -~ depth 1/2" to 1%, B
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Section #3 Sta. 799+18 to 108+88 (10/1)

Take off jolnt very good. General seection improvement
over #2. Spike tooth harrow grooves show up. West
side smoother - more rubber tired rolling. Stony ead
joint. - low, ravelled, msx. 2" on eagte

Sechion #, - Sta., 108+88 to 112+88 {10/2)

Whole section good. West 1/2 very good - sbeel rolled
before rubber tired rolled. Center 1/3 shows spike
tooth sears and has some ghallow surface ravel., Oul-
vert Sta. 114 - £ill on both sides has settled - 8-C
Shattered and depresged. S-C bridging shown. Sta.
114+50 = low density area - ravel and short ruts. Fad
jolnt fairly good but low edges. Back of end jeint for
150¢ + £ill over swamp drawn slazb edges show grade
settlement,

Section #5  Sta. 118482 to 129408 (10/4)

Rain during finishing operationg. General surface
shellow ravel, Soll very stony. End joint better bub
low edges and east 1/4 point. Applied straw cover two
days after processing. West edge Sta. 121 ghows side
borrow soil in place for treaitment instead of pit borrow.

Section #6  Sta. 129+08 to 144400 (10/6)

Rain during finishing. Sheepfooted 1 hr. 5 min. Rubber
tire rolled before spike tooth and broom. BSebtitlement at
Culvert Sta., 130 -~ broken 8-C. Section built 6th, rain
7th, covered 8th October, South hill slope shows some-
what inferior S~ wibth abouit 1" accumilaied leose mater-
ial on surface., Edges appear to be depressed just out-
gide 1/4 line. Apparently some exlsting soil in treat-
ment, -Hill top portion good. Balance of section lile
hill slope with some maximum 2" rutg and pocket ravel. .
End joint slisghily 10We

Section #7 Sta. 144400 to 160+89 (10/8)
Sheepsfooted 1 hr. 15 min. Take off joint very goode

Ste. 144+50 to 147+50 surface ravel — gpike tooth scars.
Balance of gection light surface ravel with a few 2" to
3" pavelled tuts. Section not bad, not gooda

Section #&  Sta. 160489 bo 165+39 (10/9)

Section best on project. Only section where all den-
gities met specs.
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Section #9 Sta. 165+39 to 179+05 (10/10)

Generally fair sechion. Millner Road intersection ghows
side borrow soil. Sta. 176 to 178 many longitudinal eracks
between edge and 4! to 6' in accompanied by small transverse
Jerack pattern. End joint low ~ eagt edge 3" low.

Section #10  Sta. 179404 to 193+50 (10/11)

Section 711  Sta. 193+50 to .208+33 (10/15)

Station Y794+04 to 190+10 fairly good surface — few shallow
rutse Sta. 190+10 +to 198+00 rough and rutted section.
Denter roadway S-C ig very hard but spotty surface. Sheeps-
foot marks show where scaling has occurred. Consgtruction
notes ghow clay excavated during processing Sta. 192+10 to
192480 also that this section is natural roadway having no
gand cushioen or pit borrow. In general S-C i3 less than
medium herd. Areag of clay treatment show. Sta. 207-zero
cut point wegt slde. Soil to end joint dark, light on
cement for good hardening. Sta. 198 to 207 - S=0 fairly
gOOds

Section #12  Sta. 208+33 1o 223427 (10/16)

Entire section heavy spike tooth sealing with practically no
malech developed. Tdges show exigbing dark soil. Dengities
15# to 20# low. Congbruction pabch west half 218453 to 219+
64 0.Ks 8-C failed account satursted "B® gilt loam subgrade.
Patched 10/20. ' |

Section #13 ~Sta. 223427 to 233+46  (10/17) :
Generally good section. Sta. 231 - dark natursl soil east
edge 5's Low end joint - eagt edge shows corner cracks.

Section #14 East approach to Sta. 246+50, 317! (10/20)
Very good section, Rubber roller marks near ezst end.
Good jointa. '

Section #15  Sta,. 233+46 to 249444 (E.0.P.) (10/21)
Station 233+46 to. 234+50 - 5-C shows numerous longitudinal
eracks - 4 or 5 in a growp on A" centerss Soft subgrade
indicated - noted by Treadwell, Stabte Insp. East edge poor
along east farm yard. £-C good to road cut and then some
spotted ravelling on to north end with ravelling across
north end jolnt,
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§
Conclusions:

.It isrour conelugion that about ninety per cent of the soil-
cement needs a 50 to 60 pound bituminous surfécing? The shattered
soil-cement at culverts whers grade settlement has caused‘disrupm
tiong ghould ée removed; the subgrade repaired and new soil-cenent
ingtalled before surfacing. The balance of the soil-cement will
require a good leveling course, followed by;the.surfacing coﬁrsea

Before application of the bituminous prime, the soil-cement
ghould be thorpushly ¢leaneds Thj.s will require the uge of a blade,
a power gweeper, hand ghovels and push broons s

In our opinionvthe causes’ of the existing defects are as follows:

1, Wew grade settlement a contribubing factor.

2, Wo variation in cement conirol to meet the
needs ef a poorer goil type.

3. Contractor not properly equipped for length
of sgctions congtructed.

Ao Alléwing less_than speclfication densitieg.

5. Not following proven surface finishing methods.




‘ CONCLUSIONS

Sinece the purposs of this research project was to construct an
experimental soil-cement stabilized road surface under regular contract
procedure to determine the feasibility and econemics of such type of
road construction in Michigan and to develop specifications fpr such
congtruction, we feel that on the basils of the facts set forth herein,
we have accompllished that purpose quite satigfactorily. The fact that
the road surface was net sealed soon after coustructioﬁ has proven to be
helpful in that it hag revealed ceriain weaknesses in this type of econ-
gtruction which obherwise might have been overlooked.

It is spparent that the cbntractar gharted the processing operation
at a fime ﬁhen he shouid have been through and also that the contracior
lacked sufficient eguipment to properly bandle the length of roadway pro-
cegged pér day within the proper time limitatioms. Thesge conditions were
coptributory to a great degree for the unsatisfaetory condition of the
finished surface as. witnessed this spring.

Furthermore, it must be conceded that there was a certain emount of
laxjiy on the part of the highway personnel in charge of the project in
permltting the econtractor o continﬁe operations and permitting conditions
to exist Which were not conducive to the ﬁroduction of a good soil-cement
stabilized surface. However, this laxiiy may be expected throughout the
gstate, especially on certain projects where weabther, the time element and
seagon of the year have a grealt bearing on the completien time . of the pro-
jeet., Therefore it is not a surprise to expect that such conditions

existed on this project.
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- Boil stabilization is not a stereobype construction process in which
standérds practiced will necessarily work for all soil types and conditions.
Thérefore, experience derived from other projects can only be used to a
certain degree; from there on, it is purely experimental depending to a
certain exteﬁt upon s0il conditions, contractor's equipment, personnel and
ofganization. |

It is evidenf_ﬁhat_soil—cement stabilized surfaces must receive a suit;

able surface treatment soon after completion in order to be satisfactory;

From a construction stendpoint it has beéen proven that under proper

- gontrel and congtruction procedure it is possible to consbruct soll—cement

stabilization road surfeces in Michigan. However, before final conclusions
can be egtablighed it will be necessary to build meny miles of such surfaces
in Michigan in order to determine their uwltimate reaction te traffic and
weather condlbions over a period of years. Otherwise, our present research
activities in this field will be of 1little value.

The problern is one of economics in road construction, and the merits
of éail—stabilization construetion should be compared with other types of
road surfaces in thé same category. For example, let us compare the rela-
tive costs of this goil-cement project with a comparable oil aggregate
project. Current prices for oil aggregate comstruction are as followss
5" e¢lay gravel base courge 3354 per square yard, 4¢ per square yard for

prime coat and 41¢ for oil aggregate surface, or a total of 78¢ per square

'yard for a finighed oil aggregate surface. The wltimate cost of the

Stockbridge soil-cement project, exclusive of repairs which would not
have been necesgary lsst fall, will be 5l¢ per square yard for the base
course plus 17¢ per square yard for a double seal bituminous treatment

making a total cost of 68¢ per square yard of completed road surfaces.
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& saving in this case of 10¢ per square yard. Unilt prices naturally
will vary to a certain extent in certain localltieg and with different
contractors.

Final conclusions eannot be\based on the faect that the two types of |
gurfaces ean be constfucted for approximately the same cogt per square
vard. It is necessary to consider the relative economic life of the two
surfaces. The economic.life is the perioed during which they must be kept
in service for their annusl cost to reach tﬁe minimm. The annual cost
includes such facbors as annual rebturn on the value invested, annual
routine maintenance, annual administrative and aperating costs, annual
deﬁreciation and annual cost of periedie repairs.

It would seem then that the fubure of soil stabilized surface con—
struction in Michigan is a metter of policy to ﬁe defined by the aémini—
stration. Two albernatives are suggested,‘either discourage this type
of congtruction entirely or putlon a guitable eonstruction program in-
volving cher types of gonstruction in conjunction with soil stabilized -
suriaces ontheﬁmnérprojects for comparative study. The program should
be of siich scope that the meny irregularities which usually exist on the
small experimental project will be eliminated,

The three experimental projeéts which have been constructed in Michigan
are of no value only in so far that they have proven that Michigan soils
are adaptable to stabilization by employing Portland cements or bitumin-
oug binders. Whether or not these stabilized surfaces will resist the

effects of Michigen's climatic conditions is another metter which can be

determined only by actual experience over a period of years.
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APPENDIX

Appendix contalns several
views of the Stockbridge soil-
cement stabilization project
illustrating the typical surface
characteristics prevalent through-

out the projecte
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Dark areas badly rutteds = -

2. General surface condition Station 193+00

. General surface condition
Dark areas badly rutted.

r

Lc; General surface condition Station 95+00
Surface in good condition,.

ds General sufface condition at Station248
Dark asvreas slightly rutted.
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