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PREFACE

This report presénts a complete account of the design and coenstrue-
tien of an éxperimental goll stabilized project using the exigbing road
way meterial, suliteble fines, Portland cement and bituminous materials
to produce a low-cost, light {raffic road surface.

The report includes the impdrtant factﬁa; data relevant to the
preject, such as deseription, purpose and scope of the project; cost,
preliminary leboratory studies, censtructlon procedurs, condition survey
and conclﬁsions. | |

The project is 6,229 miles in 1engtﬁ,'1ccated on M-72, from US-27
Grayling east and designated as state projeet M 2020, C2. The project
conglsts of 1.572 miles of soll-cement constructicn and 4,857 miles of
sand-bituminous stebilization. |

The project was gonstrécted under regular contract and construction
procedure using tﬁ; Michigen State Highway Department?s 1940 specifica-
tions with necessary supplementals. The 6ontract was awarded to A, W.
Hodglkiss, ofrPetoskey, Michigan. The proceseing work sterted August 29,
1941 and was completed October 15, 1941,

- The Grayling project was constructed concurrently with the Stock-

_ bridge scil-cement stablilization project which has been digcugsed sep-

arstely in another report entitled "Conetruction of Fxperimental Soil-
Cement Stabilizetion Road Surface", Stockbridge, Wichigen, dated

April 1942,
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PROJECT STATISTICS

Construction Project Wo. - N 20-20, C2
Location -~ On N-72 from Grayling east
Length = 6,229 miles

Width - 22 feet

Surface - Soil-cement and bituminous siebilizatien

Bide opened -~ June 18, 1941

Contract awarded - July 7, 1941

Gontractor -~ A. W. Hodgkiss, Petoskey, Michigan
Started grading - July 4, 1841

Started soil-cement proceséing - fugust 1, 1941
Started bituminous proceseing - August 25, 1941
Compleﬁed processing - October 15, 1941

Total cost of processing surface - $49,172.€6
Cost of surface treatment = . ,..  5,074.C2

Cost of grading and other operations _B6,181.56

Totel cost of project - : $91,288.24
Engineers Egtimate 68,299,87
Amount over and above egtimate $22,988,27

Dl
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COST DATA SUMMARY
Surface -
£CosT Treatment Total Cost
. Type . , Tobal per 8g.yd. PEY Sg.Fd. per sg.¥yd.
Stabilization i  Sta. to Sta. Stetions Sq. Yds. Total Cost cents cents ~cents
AR-T -1.88 to 80400 B8l.,88 20,018 $15,258.921 6624 01474 «8098
T-3 20400 to 86400 8.00 1,467 957,75 6528 — - -
RC-2 86400 to 183+00 '?'T-.OO . 18,822 11,877.78 6204 - -
MG-2 163400 to 246400 83,00 20,289 10,818.23 5532 - - -
Soil-Lement 246+00 to 328400 85,90 20,502 12,419,299 -6058 o LAT4 « 7530
- b e
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INTRODUCTION

Road stabilization is the process of giving natural soils
enough abrasive resistancé and ghear strength to accomodate traffic
_or leoads vnder prevalent weather conditiong, without detrimentel de-
formation., The methods employed include the usge of admixtures, com=
paction and dencification by specific technical theory and laboratory
control. Optimum water content is fundemental with gredetiocn. Admix--
tures may be soil materials, deliguescent chemicals, solutions of elec-
trolytes, soluble cementitious chemicals, primes and neutralizers, and
ingoluble binders.

In the north central part of the lower peninsula, of the siate of
Micﬁigan, there are approximately three million acres of a type of soil
whiehAﬁas been clagsified by soil engineers aslGrayling send. Ip addi-
tion to this type.of soil, there are meny other related types of soil
which are =0 closely similar that they also present a vast field for
stebilization incidental %o éubmbase and surface consbtructlon on the
secondary road systeﬁ. Therefore, it is importsnt for the WMichigen
Shate Highway Department to know how to stabilize these gand golls and
what admixtﬁres to employ.

The Grayling experimental project was construched to determine the
fenaibility of stebilizing the exisbing ssnd road surface with diffsr-
ent typés of gtabilizing admixtures and to develop gpecificationg for
the use of the Michigsn State Highwey Department in constructing such

types of »oads.
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The soil materiasl bthroughout the project was guite miform and
consigted of practically all new material obtained from grading opera-
tiong adjacenﬁlto the roadway or from local borrow pils. The soil was
not mechanically stable in itself, therefore, guentities of gilt and
mineral filler were added in predstermined amounts to give the degired
stabiliﬁy before Incorporating the binders.

Four different types of binders were specified and used for com-
parabive study. They are ag followg: Poritland cement; medium curing road
0il, MC-2; Rapid curing cut back ﬁaterial, BC-2; road ter, T-3 and bitu-
minous emulsion, AB-7.

Thﬁ Portland cement section and the bituminous emulsion section
were surface treated, shortly afber completien of the project, with =
double seal surface trsatment bto preserve the surface. The obhsr sec¢-
tiong were lefib unﬁealgd in order that continued curing of the bituminous
binder could take place.

Limestone dugt mineral filler was originally gpecified throughout
tha project to provide for deficiency in fineg, A deposit of silt was
found locally during the construction of the project and Lhis maberial
wans evenbually substitubed for the limestone duszi,

Some ALL{leully was expérienced by the contracﬁor on the bltuminous
seetion becauge of adverse weather conditlons. Thie was to be expectéd
because weather condibions in late September and October are not ideal
for this type of construction. In general, the entire project has

turned out guite satisfactorily. WHpon examination, the following year,




the surface with the exception of two local areas seems to be developing
into a gound subgtantial base course suitable for the conditions to
which it will be subjected.
The report will be presented in three main parts, consisting of a
separate and complete discussion of the soil-cement stabilized sechion,
" the éand«bituminous sechion and a general summary of Lhs project as a

whole.
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PART T
SOIL-CEMENT SECTION

Part I contains a description of the
preliminary studies prior to conétruction
of the soil-cement sbabilized surface, as
well as the various operations incidental
to the.processing of the surface.

The laboratory and field operations

wore under the supervision of S.M. Cardone,

and T.H. Thoruburn. Pert I is essentially

a report on the work which they submitted

npon completion of the project.
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SOTL-CEMENT STABTLIZATION SECTION

The goil-cement sectioa.of the Graylling soll stabilization pro-
Jjeet ié 1.572 miles in length, locabed between stations 246+00 to
329400, at the east end of the sbtabilization project.

The stebilized surface ig 22 feet wide and 5 incheg deep sur-
face traated with a bituminous chip double seal weéring COUrse.

The soil type throughout the soil-cement sechtion is a poorly
gradad ineoherent.material kno%n as Grayling sand. The fines in the
sand were augnentad by limestone mineral filler from Petoskey and silt
obtained locally. The addition of fines was necessary in order tso
facilitate construction operations and to obtain a durable surfacs.

The report will discuss, in detsil, first bhe preliﬁimary labora-
tory studles prior to congbruction qperatioms then the constructlon

operations performed during_the egnsolidation process.

ggbe?étgzy gtudies

The leberatory sbudy ineidemtal to any goil stabilization project
consists essentially of four parts, bhe soll survey, sampling of the
project, leboratory asnalysis for goll constants and special control
teste for debermining quentity of binder to use for each soll type.

At times, other spécial gtudies are deemed necessary to insure a
sabisfactory surface. TFor example, in this case it was necessary to
add fines to exisbent soil type to‘obtain mechanical stabllity. There-

fore, it was necessary to conduclt comparative studies on several types
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of fillers in order to detsramine the best material to uge with due

consideration to iis cost.

Soil Survey

In 1939, the Grayling project was recommended for soil stabiliza-
tion stu&y, but for various reasons the project wasz dropped. However,
not before congidersble laboratory work was done under the supervision
of W.8. Housel, at Ann Arbor. At that timeia comprehensive soil survey
was wmade of the project by A.R. Lundahl, Assigbant Engineer of Soils.
The vesults of the original soll survey were taken inbo account when the
project wag revived in 18941,

The preliminsry grading plans contemplatad the uge of the existing
road surface material at some points, and preliminary s0ll sanples were

obtained at numerous points on the road as well as from cuts and borrow

pits. From the preliminary samples three representative soils were se—

lected for molding durability speeimens,
The laboratory snalysis consisted of the usual gradation, P.Te, S.Le,
Lol ph organic content and gpecific gravily. These facbors and other

information are summarized In forms 849-1,2,3 and 4,

Cptimum Moisture; Veaxinum Density

The opbimim moisture and maximum densiiy of each raw goil was run
in accogaance with A.A.S.H.0. Method T 99-38, TFrom this test a curve
wag obbained for sach goil ghowing the moisture-dengity relation. The
moisture density tesbts for soil-cement ﬁixtures at 6 and 10 percent

cement comtent were run in accordence wlth A.S.T.M, Designation D 558-40 T,

=10 -



and cufves were plotted for each soil. From these curves data were later
obtained from which, by interpolation, the quantities for molding dura-

bility and compressive strenghbh specimens were obtained,

Moldine Svecinmens

Por eack soil éaﬁple, compressive strength specimens were molded
with 6 percent and 10 percent cement coatenf bﬁ volume, oﬁe for each of
2, 7 and 28 day tesbs, meking a tobal of 6 sheeimens for each soil.

The standard Proctor mold making 4% x 4.8" cylinders of 1/30 cubic fooh
was usode. AThe épecimens wers cured in a mdist atmosphers up o the time
of breaking and soaked in walber for oné hour before btegting.

This test, although intended primsrily ss a gualitabive test of
the bardening properties of the goll-cement mixbure, will also reveal
the relative sbtrengths between different soil-cement mixbures.

Standard Proctor gylinders for durability sﬁudiGSIWEre nolded for
gich poll., This conglsted of one specimen for each of 6, 8 and 10 per-
cent cement conbent by volume of the minus No, 4 soil for the soils
having small amounts of plus No. 4 and.Q,lll.E and 14 percent cement
for soil No. -8 which contained a lérge amount of plus No. 4, A4 con-
trol specimen confaining the middle cement content was molded for each
of the wet-dry and the freeze-thaw tests. A total of 8 specimens were

molded for each soil.

Durabllity Tegts

A11 specimens were cured for 7 days in a molst atmosphere before

starting then on their durability cyeles. Freeze~thew specimens were

o 1] e !



cured in the same manner as the web-dry cylinders and run through 12
eyeles in accordance with A.8.T.M. Desipnation D 560-40 T, Results of
this test are also sumserized in fSrm No. 849 (1-2-3-4), as well as in
table 2, Gurves baszes on results irn table 2 have been plotted as illus-
trated in figures 1 to 4 inclusive. ’

The four wet-dry specimens were run through 12 c¢ycles in accordance
with the A.85.T.M. Designation D 559-40 7T, ?he maximmm goll losses and

volume changes are summarized in form No. 849 (1-2-3-4), table 2 and

figures 5 and 6.

2 Studies in Admiztures
\\

In order to lmprove the gradation or stability of the poorly graded

Laborato,

Grayling sand o number of fillers wers molded in dursbility specimens.

A stack dugh by the commereial name of Agrl-fil was used in the lshora-
tory and found to be entirely umsatisfactory. The volume change of this
materlial ig so great thel some of the spscimeng cracked and disintegrabed
during the curing peried. See figure 7, sample 9B. The amount of this
material added was sufficient to ralse the soil fraetion passing the 200
sieve'from approximately 2 percent to 10 percent.

The same amouﬁt of limestone dust was used in a geparabe series of
specinens with the nabural Grayling gand, This material proved %0 be de-
cidedly beneficiali Referring to form No. 849, a comparisen in durablility
mzy be seen 'be"hwee}f; s0il Wo. @ which 1s the nabural Grayling sand and
soil No. 9-A which contains approximately 8 percent of limestone dust.
See-figure 7. The significant point te noite is that in the goil-cement
mizbure containing 10 percent cement by volume the natural goil suffered

- 12 -
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2%.2 percent goil logs while the same mixbture with an additionsl 8 per-
cent limestone dust showed only 12.6 percent soil loss, practically

only one-half as much. The volume changes winlch were within safe limits

' remeined approximately the same in either cmse. The maximum allowable

soll losses for A-2 and A-3 soils according to A.S.T.M. Designations
D 559-4T and D 560-40T are set at 14 percent. The Grayling sand falls

in the A-5 soil classificatipna

Figld Contral FacterﬁJ

T

\

On the basis of the lsboratory gtudies, the most economical cement
content whieh gave the allowable scil lesgeg and volume changes was found
to be 10 percent for the nmixture of Grayling sand and limestone dust.
Since the final grading plans called for the regrading of the entire road-
way consigbing of cubs and £1llg of Grayling ssnd, the ceﬁﬁnt coatent
wag gseb at 10 percent except for the first 1200 feet. At the begianing
of the goil-cement sectlon, bebween statlons 329 and 317 it was noted
that the roadway material contained a considerable amotmt of the B heori-
Z08 anﬁ some of the eriginal, weathered raad.surface material which was
gimilar to soll Ne. 7 reported herewith. The goil losses in thip soil
were 13.2 percent im the 8 percent cement content, -and the cement con-
tent wag set al 8 pesrcent for the-first 1200 feet.

The plus No, 4 materlal in the Gr&yling sand was negligible, being
only about 1 percent and all calculationg were baged on the minus No. 4
goil fraction. The opbimum moisture and maximum dengity found in the
laboratory were specified as a guide in field work, but the actual moisf
ture-~density relations found from daily tests of the actusl mixture on

the roadway were used for job control.



Upon completion of the 1aboratory§studies, spécifications were
developed for use im congtructlon of the stabilized surface. The con-
struction phase of the soil cement section iﬁ\discussed in detail wnder

Hlongtruction Procedure¥,

e

- 14 -




MICHIGAN
STATE HIGHWAY DEPARTMENT
G. Donzld Kennedy

Fornm No. 54

g -1

So0il Seriesg Grayling

Date Tests Completed duly 15, 1941

State Eighway Commissioner Project No. M 2020, T2
RESEARCH DIVISION SUMMARY OF TESTS ON SOIL AND SOIL-CEMENT MIXTURES l
B GRLDATTON ~ Per Cent of Total PHYSICAL U.S
Gravels Sand s Silt;l Clays | Collodds; TEET ORGANTIC P. R.
STATE | Hetain~ | Ho. 4 2.0 D.25 0.05 0.805 0.001 CONSTANTS CONTENT, TEATURAL S5p. | foi1l
SOITL | ed on To To To To To To ' pH p.P.I. CLiBE Gr. | Group
NO, ¥o. 4 No. 10 G.26 1§ 0.05 0.005 0.G0C 0.000 L. F. 3, (Soil
Sieve (2.0 mm)! _ mm Iom mn, | pm. s, L. I. L. Mortar)!
21,5 | 4 45,2 | 21,8 | 4.3 5 - - 10 0 20 | 7.4 {10,000 gand RGBT | A3 |
Soil Mortar Only 58 29 3] 7 Algo included in clay. Fraction pasesing #1i0 Sieve.
Absorption of plus #4 waterial,l.18% by dry weight. Color of moist scil Dk.Brown . Sp. Gr. of plus #4 meterial _2.53 .

TESTS OF MINUS No, 4 MATERIAL

FIELD CONTROL FACTORS

WOLSTURE-DENSLTY RELATLONS COMPRESSIVE STHENGTHS - 1b. per sqein, (1) {Cement Content: TOTAL %
Opt. Moisture Opt. Density, Age When Tested ~ Days Hinusid %
Content, % 1b. per c.f, 1 Two Seven | Twenty-sight Optimum Moisture Tota 1 %
Cement Content by Volume — & Cement Content by Yolume — % Coritent: Hinusfd ya
0 60 (10,1 O 16,0 10,116 {10 6 [ 10 6 10 Deneity, 1lb./cu.fTt. Total
8e2 7.8 | 8.9119,2(121.5025.9 38! 54 561|318 231 | 790 dry who:  Minus#d
{1} Submerged in water for 1 hr, before testing. Not encounbered in the £isld
! ATA FROM SPECIMENS UsED FOR TWELVE CYCLES OF DURABILITY TESTS
{ CEMENT CON- | DENSITY; MOISTURE CON~ TOTAL SOIL MAXTHURM . MOISTURE CON-IMAX,HOLSTURES
TENT; % BY fb. per c.f. ITENT; % by [SOLIDS|LOSE; % of VOLUME CHANGE; TENT FOR SiT-| percentage
Volume. joven dry wt. loven dry wt, | % by | original % of URATION;% by |above or below
Theo-| (b- |[Tneod Ob- |Theo- Ob- [Volume]®V welght. nolded volume, oven dry wi. saturation.
reti~{tainedjretitiained, |reti- tainedy oo \UEERFRIE/E{TED — DAY |FRERA T THAN IWEL- | PRERZT_ |ART-  TREGZE
cal Ave. Heal | Ave. cal Lve, THT T THAW (PIus L inndPlue Ihinug lo8s | THAW DRY THAW
Total 7ol | 7.1 |031.5033.7 8.3 Bof
Minus #4 1| 9,0 9.0 P 123.4 18,1 Be3 257 | 3.2
Total | 9.1 | 9.0 IN52.2{152.5 [6a5 6.6 | RE | | }
yiinus #4 111.5 [11.5 (124,3124.7 |8.4 Bed 179222 10,7 | 2,5 122 (0,0 (35 10,8 110,0110.2 BT ~2e3
fatal 111 111.2 (333.2/1383.0 8.7 8.7 .
Vinus 774 {14,0 |14.0 {125.00125.1 18,5 8.3 0,7 | 1.1
Total ]
Minus #4 | ' | o _ N
U.S.D.A., B. of C. & 5., Soil feries —=— = Soil Rorizon = = — = Soll No. 6 -8
~ Original Roadway Mabterial -
8]
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MICHIGAN

STATE HIGHWAY DEPARTHENT
G. Deonald XKennedy
State Highway Commlssioner

RESEARCH DIVISION

SUMIZARY QF TESTS ON S0TL AND SOTL-CEMENT

Form No.

g49-

;hé'}ﬁ

So0il Series Graxﬂing

Date Tests Completed July 15, 1941

Project No. M 20-20, C2

MIXTURES

w

' GRADATTION ~ Per Cont of Totel | PHYSICAL U.5.
Gravels Sands; Silt;l Clay; Colloids; TEST ORGANTIC P.R.AL

STATE ] Retaln-| No. 4 2.0 Q.20 6,05 0.005 0.001 CONSTANTS CONTENT, TERTURLL Sp. | Soil
S0TL ! ed on To To To To To To pH Dol CLLSE Gr. | Group
NO. { No. 4 No. 10 | 0.250.05 [0.005 0©.C0C 0.000 L. P. &. (S80il

Siave (2.0 mm)! i) M. | . TR, L. I, L. ¥ortar)
1 28 _| 58,3 | 26,8 5e8 1 6.7 - 0 C 18 8.1 [14,000 ‘sand 287 | Aw3
Soil Mortar Only v} 27 a8 7 —_— Alpo included in clay. Fraction passing #10 Sieve.
Abgorption of plus #4 material,2,12% by dry weight. Color of moist scil Dke.Brown . Sp. Gr. of pius #4 material 2.87

TESTS ON MINUS No. 4 MATERTAL

FTELD CONTROL FACTORS

MOISTURE-DENSITY RELATICNS ICOMPRESSIVE STHENGTHS — 1b. per sg.in. (1) -3Uement Content: TOTAT,_ 7.9 %
Opt. Moisture Opt. Density, ' ige When Tested ~ Days . Minus#4 B0 %
Content, % ib. per ¢.f.| Two Seven Twenty-eiglt Optimum Moisture Tota 1 8s3 %
_Cement, Content by Volume -~ % " Ceoment, Content, by Veluns — % Content Minusfd B4
Q B0 (10,3 0 16,0 [10.31 6 ] .10 6 101 _ | @& =10 - [Density, 1b./cu.ft. Total 12261
8.5  18e4  8.3{117.8120.41122.8 32| — 55 | 260 813 dry wh.:  Minus#d 121~7
- (1) Submerged in water for 1 51 befors testing. Not encommbered in the field,
DATA FROM SPECIMENS USED FOR TWELVE CYCLES OF DURABILITY TESTS
CEMENT CON- | DENSITY; MOTSTURE CONA TCGIAL SO0IL MAZXTMUM MOISTURE CON-MAX . MOLISTURE:Y
TENT; % BY ﬁb. per c.f. [TENT; © by jSOLIDS{LOSE; % of VOLUME CHANGE; TENT FOR 8AT-| percentage
Volume, ven dry wb. loven dry wt. | % by | Ooriginal % of URATICH;% by |above or below
Theo— |  Op- |ITheod  Ob—  |Theo—  Ob- |[Volume|“Fy #eight. rolded v07ume oven dry wh. Saturation.
reti-jtainedretittained, [reti~ talnedy iyve, |UEPe|FREG/EIVNET — DRY |FRERAR-THATNEL- | RRLIvE. | ART- N
cal rve, teal | Ave. cal Ave., DEI T THAW [Pis MWWPHP!MWMSJH —THAN
Total 5s9 | 6.0 {021.9120.4 | 8.3 7.5 _
Yinus #4 | 6.0 6,0 120;%#12@;9 8.4 7.8 171 75.2 ‘
Total 79 7.9 2.0 122,31 8o3_ a3 ‘ - . . A |
Pinmas #4 | 8,0 820 (1121,5 1217 | 8.4 83 | 72028 4.9 18,21 1.7} 0.012.7 10.0 |14.,4 14.3 =3,0 ~1a7
T&tal . 909 V gag 2;% 122@% 8&2 8-&‘1’:
tinug #41310.0 110.8 {122.8 122.8 8.3 8,3 1.71 5.5
otal |
Jiinus #4 ' i ! | IR — . ;
U.S.D.A., B. of C. & S., 50il Series === Sotl Horizon e — = goil No. __ 7
Original Roadway Material iy
-16 - i



MICHIGAN
STATE HIGHWAY DEPARTHENT
G. Donald Kennedy
Stete Highwey Commissichner

Form No.,
Soll Serles

g49- =5

Gravling .

Date Tests Completed July 15, 1941

Project No.

M 2020, C2

- RESEARCH DIVISION SUMEARY OF TESTS ON SOIL AND SOIL-CEMENT WIXTURES
{" CREDATION — Por Cont of Tota , PHYSICAL U.5,
Gfavel Band; - Sllb, Clay; | Colloids; TEST : ORGANIC P.R.A.
STATE | Hetain-i No. 4 2.0 0.25 0.05{ C.005 0.001 CONSTANTS - CONTEHT, TEXTURAL 5P Soil
80IL | ed on To To | To To Ta Tz ' pH PP, CLigs Gr. | Group
HO. No. 4 No. 10| 0.25]0.05 G.0058 0.000 0.000 L. P. & (Soil
-k Sieve (2.0 mp)!  mm mm | Tm. . 1. L. I. L. , Mortar)
od o5 | B5.5 [ 41.5 2. D - 2] g 21 63 | 7,000 ~sand 253 | A=3
Soil Mortar (nly 56 12 1] - Also included in clay. Fracticn passing #10 Sieve.
Lbsorption of plus #4 materisl, - =% by dry ﬂ»lgnt. Color of meist soil _Tapn .- . 8p. Gr. of plus #4 material - -

TESTS OF MINUS No.

4 METERTAL

FIRLD CONTROL FACTCORS

VOLET URE—-DEN‘BLT" RELATIONS

- 17

COMPRESSIVE CTUENGTES — 1b. per sg.in. (1) {Cement Content: TOTAL___ 10,0 %
Opt. d01qture Opt. Density, Age When Tested ~ Days HMinugfsd 10,0 %
Content, % ib. per-c.f. | Two Seven | Twenty-eight Optimum Moisture Tota 1__ 10,0 5%
Cement Content by Volume — % Cement Content by Vhlu. - % . : Content: Hinug#d 10,0 &
0. Be2 [10.8 0 ! 8.2{10.8] 8 {10 8 10 a T Density, 1b./cu.ft. Total _ 1iB,
12.5_170.0_110,3109.7 1158115.4 dry wb.: Minus¥4 115,2
' (1) Submerged in water for 1 hr. bsfore testing.
DATA FHOM SPECT ﬁhhb UsSED For TWELVE CYCLES 0F DURARILITY TESTS
CEMENT COR- } DENSITY; MOISTURE CON- TOTAL BOIL MAXTMUM WMOTSTURE CON-|MAX.MOTSTURE]
TENT; % BY {lb. per c.f. [TENT; % by SOLIDS_LOu?,”P of VOLUME CHAKGE TENT FOR BAT-1  percentage
' Volume. foven dry wt. loven dry wt.| % by | original . % of URATION;% by |above or below
Theo-] Qb- |[Theo] Ob- |Theo- Ob- [Volumelo-Y weight. molded volume, oven dry wi. Saturation.
reti-itainediretittained, [reti- tained) yveo, US| FRLi/EIVES — DIV |FAGLEL-THAY (NEi- |FREC T ARl FHER7E-
cal Ave. Meal | Aves jecal hve, IEY T THAW (P Ths T B Plng Tiinus [DRT THAW 1Y THAF
Totel 1640 16.0 [113.11112.8 [10.0 10,3
Jinus #4 | Seme ak totall L E 46,5 | 67.2
Total 8.0 ‘8.0 113313.2114,2 1'10.2 10,5 : ' . , : . o
Minus #Zl- mw—taf ' ‘ R B8.84 24,9 59,0 1.7 0.0 | 1.5 0.9 Ted 16,8 P -t o 2
Tetal A0.0 30,9 N14.9 115,77 | 10,4 10,9 [
Minus #4 | Seme ak total : 13.7 | 25.2
Cotal i ' »
Jiinus #4 | ! L i U A, B . —
U.8.D.A., B. of C. & 8., Soil Series === So:l Horizon c Soil No. 9
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Form No.
Goil Series Greylinge

Date Tests Completed July 15, 1841
Project Ho._ _}_20-20, €2

SUMARY . OF TESTS ON SOTL AND SOTLCEMENT MITTURES

(H2eDA TIO\ - Per Cont Q T Total

. PHYSTICAL U. 5.
Gravels Sand; 8ilt;] Clay; | Colloids; TEST ORGANIC P.R.A
STATE | Hetain-| No. 4 2.0 10.28 0.05 0.006 ¢.00L1 . CONSTANTS. CONTENT, TEXTURAL Sp. | Soil
S0IL | ed on - To To To To To To . pH P.p.m. CLase Gr. | Group
NO. No. 4 No. 10§ 0.25{0.G5 10,005 0.000 0.000 L. P, 8. Soil
b gieve (2.0 mm)}  mm | mm mm, il M., L. I. L, Mortar)!
0 o5 147.0 | 43,5 | 9,01 0 0 _1 7,000 gond (262 | A3 |
~ Spdl Mortar Only 47,5 | 43,5 9.0 o c ilso ineluded in clay. Fraction passing #10 Sieve.
Absorption of plus #4 material,_ % by drv'welﬂnt. Color of meoigt soil . Sp. Gr. of plus #4 material .

TESTS OF MINUS No. 4 MATERTAL FIELD CONTROL FACTORS
HOISTURE-DENSITY BELATICHS . |COMPRE TSHITE STHBNGIAS - 1b. per ed.in. (1) 4Cement Content: ”OTfL_____].Q,.Q_%
Opt. Moisture Opt., Density, Age When Teated - Davs Hinus#d 10,0 5
Content, % ~_1b. per ¢,f, | Two Seven | Twenty-eight Optimum Hoisture  Tota 1 %
Cenent Content by Volums -~ %~ Cement Conmtent by Volume — % Content: Hinusfd %
0 .| 5,483 0 [5.4 1 8,9/.6] 10 6 (10" 6 -.10 Density, 1b./cu.ft. Total
10.7 9.0 981116, 3018,5 118,91 T dry wh.: MWinue#4
‘ ' (1) Submerged in water for 1 hr. before testing,
DATA FROMHSPEUIMﬁ&b USED FOR TWELVE CICLES OI' DURABILITY TESTS
CEMENT CON- | DENSITY; . MOISTURE CON- JTCRAL S0TL MAKTHUM MOTSTURE CON- [MAY.HOLSTURE}
TENT; % BY Bb. per c.f. [TENT; € by [SOLIDS{LOSS; % of VOLUME CHANGE; TENT FOR S4T-| psrcentage
Volume. fjoven dry wt. loven dry wt, | % by | original % of URATICN;% by [above or below
“Theo—| 0b- {ITheod Ob— |Theo— . Ob— [olume| *Y ¥eight. molded volume.. . Joven dry wt. Saturation.
- rebi-tainedifretittained, {reti~ tainedy joo. Vipmr| ParErELiET — DRY |VRPEY FTHAN [HET— | FREEZ b ARl = FRLEZ T
cal | ave, Hleal | Ave, jcal _ hve. | URY [ THNT [P Tis [ MiangPins, Tiinve [DRY | TEAW DAY THAW
Totat B0 | 6.0 |M8.5/117.8 | 9.9 10.4 | |
Winus #4 | Same bs tot%l , 29,17} 52,0
Total 8.0 | 8.0 [R.7) 318,31 | 9,7 10,7 ' ' _ : : L
yiimas #4 | Same F_S_tmﬁl 71036 18,21 50.0 1,5 |00 } 1e5 | 0.0 [15,2115.2 = |=5.0 =345
fatal  1130.9 110,00 {018./9.319,2 | 2.5 1037} . i -
Minus 4 ! Same tgﬁﬂl 8.3112,.8
Total i R
Yinus Ai ! L i | M_J_mw_ - A | : .
U.8.D.h., B. of O. & 5., So0il Series -~ _ Sorl Horizen & Soil No. - 9= 4.
-18 - &)
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TABLE I
WETTING-DRYING DURABILITY TEST OF SOIL-CEMENT MIXTURES
Progressive Soil Logs - Percent of Original Oven-Dry Weight
qopy | FoTocmt ,w*ﬁﬁtcifian_}wxmq CYCLES |

Ko, | by volume 1 2 3 4 53 6 7 8 2] 1o 11 12
6-8 7.1 1.1 1.2 i.€ 1.8 1.6 1.8 1.8 2.1 2.8 2.5 .2,5 267
9?9‘ 0.2 0.8 0.8 0,8 0.5 GoE 0.5 0.8 0.5 0.5 0.7 0.7
11.2 0.5 0.8 0.E 0.8 0.8 0.5 0.3 C.5 G.8 Q.8 0.7 0.7

7 8.0 2.0 2a7 4,0 5.2 6.2 7a2 8.7 10.2 | 10.9 | 1R.6 14,9 17.1
7.9 1.9 1.2 1.7 2.0 22 2.4 2eT 2.9 Be2 3.7 4,1 4.3
9.9 D.E 0.5 0.7 0.7 0.7 0.7 0.7 .1'0 1.2 1.5 1.7 1.7
9 5.96 il.1 16,1 19.3 R4.4 1 29.1 33,8 36.8 40,0 | 41,98 - = 44,2 48.5
7,98 7.1 9.7 | 11,8 15.8 ' 18,2 18.4 18,9 J21;5 2248 - - 42 .éégﬁ
10,0 504 5.8 6.7 7ol Qaé 10.1 11.1 | 11.8 ¢ 12.4 - - 12.9 13,7
9=-A 5,96 - B8 9.9 [ 15.2 18,8 | 18,8 21.2 23,0 - =1 24,8 { 26,0 27,0 29.1
T.98 2.0 4.8 Tel 8.9 1052- 11,7 12.7 - - 12,81 14,5 15.0 8.2

16.0 1.0 ReB | 3.8 4.8 Beb 8.2 Goé - 7.2 7.6 Teb 8.3

- 19 -




TABLE 1%
. FREEZING-THAWING DURABILITY TECT OF SO0IL-CEMENT MIXTURES

Progresgive Soil Loss — Percent of Original Oven-Dry Weight

" Percent FREEERZING-THAWING CYCLES
Scil Cenment "

Wo. | by volume 1 2 3 4 5 ° 8 7 8 9 10 11 12
8~-3 7.1 0s2 | 0.8 | 0.7 1.1 1.4 1.8 1.8 2,81 2.2 2.5 3.0 | 5.2
9.0 0.9 1ad [ 1.6 | 1.8 2.0 2,0 2,0 2,21 2.2 2.z 2,5 2,5
11,2 0.2 | 6.2) 0.5 | 0.5) 0.7 | 0.7 0.7 | 0.9] 0.2 0.8 1.0 | 1.
7 8.0 2.8 2.6 6.8 | 11,2 15.0 | 22,9 | 34.0 | 27.6 ! 50.% | 58.7 | 8.5 | 75.2
7.9 1.0 1.7 | 2.7 | 5.7) 4.7 5.1, 6.6 7.8 81 ] 9.6 | 11.5 | 1z.2
9.9 0.7 1.0 | 1.5 1.7 | 2.2 2.7 3.2 5.7 | 3.9 | 4.2 4.9 | B.C
9 5,96 7.7 12,2 | 17.1 27.0 | 36.8 46.6 | 54.7 |.59.8 | 65,0 | -~ | 64.8 | 67.2
7.98 4,2 8.6 | 7.9 11.6 | 16.%2 22,1 | 27.1 | 30.8 | 882 | - ~ | 356.0 59,0
10,0 2,8 Bo4 | 4,0 6.8 1 8.9 | 11.7 1 14.3 i 1.7 182 1 - - | 21.1 2%.2
94 5,06 | 3.1 11.0 | 16.6 27.% | 55,8 58,0 | 40.% ~ - | 44,1 | 48.8 - - 52.0
?.98 200 6c6 10.4 1500 18\55 21«,0 .22@8 - .26@6 2?.6 sk 5050
10,0 0.8 2.0 | 3.5 5.0 | 6.8 8.7 8.8 - -} 10,2 |11 | 22.8 - -
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OF FREEZING-THAWING DURABILITY TEST
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SOIL-CEMENT LOSSES RESULTING FROM [2 CYCLES

OF FREEZING-THAWING DURABILITY TEST
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DURABILITY STUDIES

Sample No. 7 Condition after 12 cycles
freezing and thawing

Sample No. 9B Grayling sand containing

o 8% "Agri-fil". Disintegration due to ex-

cesgive volume change after 3 cycles.

27~
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~-——BRUSHED

HTORY VOLUME

Sample No. 7 Condition after 12 cycles
wetting and drying

Sample 9A Grayling sand containing
8% limestone dust

Figure 7



CONSTRUCTION PROCEDURE

The construction procedure which was used in processing the soll
cement stabilized surface consisted of the fallowing opérations; prepa-
ration of the fine gradé and adding neéessary fines, application of the
Portland cemenﬁ; dry mixing, applieation of Waterland:wet wixing, con-
solidatién, cﬁring‘and final surface treatment. These operations as
they were applied to the Grayling project ar; digeussed in the above

orders

Added Fines

As explained wnder laboratory studies, the Grayling sand contained
a very low percentage ef natural fines and, therefore, in order to
obteix sﬁability and dursability, it was necessary to édd a certain per=
centage of filler to the mixture, The filler méterials uéeé on the
project were limestone dust, clay and silt.

Linmegtone dusks The addition of the limestone dust on the grade
presenied some difficulties. The material could not be spread uniformly

By meang of a spreader box dus to the difficulty of pulling the box

“through the looze ssnd and the wmeven flow of the limestone dust oub

of tﬁe box, An attempt was made at shoveling the meterial ewt of the
trucks and owto the grade, but this also proved to be unsatisfactory.
Finally, a fairly satisfaeﬁoﬁy application wés accompllished by spread-
ing directly from the trucks with spreader chaing properly adjuétede
Limestone dust was added from statlen 329 tc station 255450 at the
rate ofra percent by welght. See figure 8. The limestone dust ime

proved the sbability of the sand %o a considerable extent,

—-28 =



(A) - Crading.Operations

i
o

(B) - Spreading Limestone {C) - Mixing Limestone Dust
Dust with Surface Material

! Figure 8
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Clay: It was realized that in order %0 give the sand sufficient
bearing capaciby to support the construction eguipment some materisl

mugt be added which would improve the stebility either by mechanical

lérrangement of particles or by cohesiocn. A clay deposit within an

average haul of one mile was investigalted. The conbractor added and
manipulated approximately 8 cublc yards of this elay st his ewmn expense
over a distange of 76 feet., Since thexﬂlgy\has'a P.I. of about 30 it
was lmpossible to pulverise it suffieiently on the grade to render it

effective ag a binder, The stability was lmproved slightly over the

75 feet, but it is believed that this was due, not to any cohesgive

action, but rather to an avching action similar te the behavior of
graded aggregetes. The remaining ballg of clay may have a detrimental

effect in the weathering action of the fimished road,

Silk: From station 255450 o 246400, which constituted the balance
of tﬁe éoil;cement vroject, 8 pereent siit wag added. The silt was found
in a deposit appro%imately 5-1/2 miles from the job.  The same method was
uged fér spreading as was finally adopted for the limestone dust. The
=ilt behaved very similar %o the limestons dust. No difference was app-
arent in the stability, workebility, optimum moisture and maximum density,

ag compared with the limestone dust section.

Prevaration of Grade, Stakes, elc.

Prior to the day of processing the grade was checked and glven a

preliminary shaping. Grade stekes were seb on each side of the road at

= BO



gach shtation en a 4 foot offset from the edge of trestment and 12 inchesz
above the bottom of the finished roadway at the centerline. By this
method the contrel for depth was accomplished by measuring down from &
string line stretched across the grade stakes, to the bottom of tfeatw
ment, 12 inches at the centerline and 13-1/2 inches to 14 inches at the
édges for a 1-1/2 inch to 2 inch crowﬁc This proved very successful ex-
cept that where the stakes were pubt im too far in advence of processing
in the relatively loore sand they may have settled, thus probably causing
excessive depth of treatment. In a'situatioﬁ of this kind, the grade
stakes should be set not more than one or two daye in advance of_prOCESSH
ing in order to reduce arrors_;ﬁ depth of treatment to & minimum.

Tv order to reduce the quaﬁtity of water to be added during process-—
ing operaticng, bthe soil was wetted abt first to withim 2 percent of opti-
mun of the raw soll en ﬁhe dey before processing, usually in the evening
to reduce evaporation logses. During the letter part of the project the
pre-wetting was igcreased to the, optimm moisture of the raw soll to
further reduce the water to be added duripg processing,

Prior to the addibion of cement, gulde laths were placed st 100 foot
intervals, 6 inches outgide of the edge of treatment on ezch gide of the
road. Towards the end, the project guide stakes were placed at every 80
feet in order to ald further the inexperienced equipment operators in

meintdining a straight edge.

Additien of Cement

Immedlately proceding the spreading of cement, the grede was glven

s preliminary sheping to remove all rubs and wheel marks. The cemend
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trucks Weré taken down the center of the road and cement sacks wers un-—
loaded =znd spaced by the aid of a 100 feol chain with metel tags attached
at the proper intervals. A 6 by 8 inch beam wac dragged behind the truck
to eliminate the wheel merks and this ﬁas supplenented by shovels to in-
sure an even surface before the sacks were opened. For the 8 percent
cement spread, the sacke were spotted in 4 longitudin&l rows of 18 sacks
each and for the 10 percent cement spread, 5 rows of 18 sacks were used.
See figure 9. Thie proved tc be & convenient arrangement ag it was nec-
esgary to merely inecrease the number of rows from 4 %o 5 to go from the
8 percent to the 10 percent cement spreads and gtill keep the same inter-
val on the cﬁaine It ie believed that smell pleces of red cloth tied on
the chain would have been more gatisfactory than the sheet mebal tags
which were rather difficult to see. |

The sacks were opensd and sach transverse row éf sacks was shaped
inte a windrow of cement running‘aqross the road and within 1 foot from
sach edge. Care had to be exergised to keep the men from spreading the
cement toe cloge to the edge of the treatment, After the cement was
shaped into windrews the latter were spread by dragging the spike tooth
harrow with spikes seb at about 459. This spread the cement evenly from
one windrow to the next except for one weakness. The tracks, made by
tractor pulling the dray, filled up with cement and caused & number of
streaks of rich mix, which required excessive manipulation to eliminate
them., When éhis—was digcovered, the method of §preading was changed.
The sacks were opened, dumped in a pile and th&n-spread evenly with
syuare point shovels. Afber this operation it was discovered thet rumning
the spike tooth harrow as before aided in accomplishing a very uniform

sorezds
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Dr;r Mixing

Dry wixing started immediately after the cement spread with one pass
of the field cultivalor. This was followed by th rasses of the rotary
tiller which tﬁgroughly mixed the top 3 or 4 inchesg See figure 9. This
wag about as deep as the tiller would penetrate witﬁ the power available.
Followlng the tiller the 5 geng plow was used to bring the wmixed material:
up from the bottom. The plowing was sberted al the center (up one side of
the center line and down on the other) and c;rried to the edge. A% first
the plowing was followed by numerous passes of the field cultivater and
the rotary tiller to thoroughly mix the material throughout the depth of

treatment. Later the plowing was followed by a dlsc harrow and then by

the rotary tiller. This completed the dry mixing.

- Finel Application of Tator

As shated abo#e, the pre-wetting was accompliched the evening before
proces&ingm When the pre-wetting was carried to zbout 8 percent of raw
solil the dﬁy mix checked about 5 to 6 percent and when darried to ophimum
the dry mix conteined 6.5 porcent to 7.5 pe;cant, with an optimum of approx-—
imatelyflﬁgﬁ percent. There is an indicalion that in pre-welting too high
in this type of so0il there is 2 corregpondingly greater molsture logs.

TWhen water hes to be paid for at a2 rate of betlter than £8.00 per 1000

‘gallons it mey be more economical te speclfy greater waber spreading

capacity.
Final water application toward the end of the job required apprbxi~
mately 4 appllications which consumed on the average aboub 2 hours., The

rabe of spreading for each truck losd was adjusted sc¢ that one round trip
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(B) Turning in cement with
3-bottom gang plow:

(4) Spotting Cement Sacks

(C) Mixing and pulverizing with rotary tiller
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empbied the full load. Th@ water truck was £illed from a 1500 gallon
storage tank at the forward end of the days processing. The spray bar
wag 11 feet long and equipped at first with 1/16 inch and later with
1/8 inch nozzles. The capecity of the tank was 1100 gallons., See fig-
ure 10.

Difficulty was experienced throughout the project in spreading the
woter tniformly, The truck hed to be pulled by a tractor and at times
the spand was so unstable that the tank ﬁruck coul& not keep in a straight
1ine ag the front wheels would slide laberzlly. The waber spreading'may

be improved somewhalt by the use of a 22 foot spray bar. During the

water application the field cultiwvator followed close behind the water

tank to fold the water in.

et Mixing

Following the water spread, at first, the wet mixing was accomplished
by numerous passes of the field cultivator and the rotary tiller until

the moisture was wmiforan throughout the full depth. However, at times

it was difficult to obtain the water penetration to the bottom of treal-

ment. Later the seguence of operations was changed to inelude, except
for the plowing, the same order of equipment application in the wet mix
as uged in the dry mix. This proved to be wvery satisfactory and no
difficulty was experienced in obiaining wniferm water mixing with much
less work. The indispensable plece of equipment which mixed the materdial
from top to hotbom was the disc harrow. The wet mixing operationé re-

guired on the average 1-1/2 hours.
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Compachion ' .
Following the wet mixing, the grade was given a preliminary shaping
snd the sheepsfoot roller wag Introduced. See figure 10. It was found

ht of 80 p.se.ls worked about the best. The average
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time required for this operation was spproximately 1-1/2 hours. Diffi-
culty was experienced in packing the edges as the feet would pmch
through the relatively wnsteble sand on the oubtside of the processed

sectbion.

Shaning

When the sheepsfoot roller had compacted all bub 1 to 1-1/7 inches,
the spike toolh harvow was used Lo gerateh the bop compaction planes.,
Then the rosd was glven a final sheping. This ig the operation which
was the most tedious.

The ungkilled grader operabtors consuamed entlrely too much time and
accomplished only a mediocre job. This operation reqguired approximstbely
1-1/2 hours.

Shaping was also done before cement spreading and followiug'the

wet mixing operations.

Proumatic Rolling : N

AL first the preumatic tire roller wes not used as it was thbught
that the smooth roller following the sheepsfoot roller would suffice to
give the desired compaction. After the flrst two days processing when
it wag discovefed that the 5 ton smooth roller could nol be uzed due to
the unshable nabure of the soil, the pnsumatic roller was introduced

and the smooth roller omitted. The preumatic roller operated satisfac—
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FIGURE 10

Application of Water

Consolidation by Sheepsfoot Roller
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torily &ith 2 or 3 passes being sufficlent to compact the surface. During
the latter part of the project a road drag, made up of two pisces of angle
iron with mechsnism for wsrying the angle of the blades, was used to ob-
literate some of the tive marks left by the rubber bired roller. Also,
before and during the rubber tired rolling a splke toobh harrow with testh
set almost flat was applied to scrateh overlapping tire compaction places
and maintain as even a surface as possible.

Checks of the densities obtained indicate thalt the rubber tired

roller as well as the gheepsfoot roller gave good densities.

Smooth Roller

It is recomuended that in the fubure no prosesaing be permgtted bk
less the contractor has a smooth roller of the proper proportions. It
ig belleved that in motsrial gimilsr ko that encounbered on this project
5 smooth pull roller of 2 tuv 3 toms with a 3 to 4 foot dameter should
glve satisfactory resulis, Such a roller, if not made commercially,
could be made up et relatively small cost from a seamless water tank,

with provigion for £illing with water.

Wet earth curing was used throughout the project. The cover was
usually applied on the morning following the procéssinga At first the
cover was applied with a heawy patrol grader. This proved to be quite
ungatisfactory as the wheels cut into the fresh recadway. The methcﬂ
wag then changed and the cover applied by hend. When there waé an im-
pending rain in the evening the treated roadway was covered with water§

proof paper immediately after the end of processing operations, It is
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suggested thal covering Lhe treated roadway with waber-proof paper

immediately after completion De specified as standard procedure.

Control of Moisture, Densily, etc.

— S

During the afterncon preesding the days processing the raw soll was
samplad and moisture combent determined. Sufficient water was added to
bring the soil to it opbtimum. During dry wmixing, the soll-cement mis-
ture was sampled and ifts molsture content debermined. At the same time,
the optlmum melstore and maximm dengity test was run to detbernine the
exact maximam density and opbimum moigture wnder actusl fiesld conditions.
From the molsture check and the optimum obbained the final water appli-
cation was gpecified,

A% the conmelusion of wet mizing another molsture check was made and
if the water content was found to be below opbimm additionsl water was
added. It is important abt this point to esbimate the evaporation losses
so that it will not be necessgary to add wabter after wet mixing ls com-
pleted, as thie will delay construction operabtions for as much as one
hotira

At the start of packing operations large soll-cement samples were
teken for the molding of leboratory spscimens. During the first part of
the project, the grade wag sampled at 5 or 4 stations and a composgite
sample made up for the laborgtory specimens. Labter the materisl was
sempled every 200 feef and specimens molded from eafh station. This
was done in order to etbempt to evaluate the difference in soll, water

and cement conbtendt at different points in the days run.
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Another wolsbure check was made of the material remaining unpacked
after the sheepzfoot roller complebed its work., The final moisture check
wa s made by visual ingpectlon duriang the rubber tired rolling and, when
needed, a very lighlt spray wasg applied.

In places where it 1s nob convenient to move the fielé laboratory
along with the processing such as was the case on this project, a conven-
ient method of malding the numerous moistuwe checks, which must be done
rapidly, is to provide a box in which is cafried a scale for weighing
and a gasoline étava for drying the molsturs samples., In this manner,
81l moisture checks are made very convenlsnbly adjacent to the days pro-
cegssing.

Tenality teegts of the Qompleted roadwey were Ngwally made on the day
following the processing. To simplify the field work a 2 quart jar was
filled with a definite amount of previously calibrated sand, snd ocne jar
wag provided for each test to be run. The excavated material was care-
fully placed in a moisbure proof can and labeled to correspond to the
particular jar uséd. Tn thls manner no welghing was dome in the field.

Checks on depth of complebed roadway were made ab the same time as
the density tests. ALL density tests showed dengities well within the
minus 5 pounds per cublc foot usually allowed, The depths were practi~
celly all more than 5 inches. This was due to the difficulity in con®

trolling the equipment in the loose sand.

Field Specimens

A large number of Proctor cylinders were molded from rozdway meberi-

al taken at the fime of finel mixing. It is contemplated to use These
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Cmense

The study in the laboratory of sctual cores taken from the processed

L

Ba

4o

5,

Be

specimens for future laboratory study to atbtempt to evaluate field fac-
tors such as mixing,.control of admixes and moigbure and thug obtain a

correlation between the durability of laboratory and thal of field speci-

roedway as to the volds characteristies, durability, deusity and compress-
ive strengbh would also afford & comparison between laboratory specimens

and the product to be obtained in the field.

The following counclusiong are based on obgervations msde during the

various shages of consbruction.

The point of primery importance which this project has
denonstrated so far iz that soils with poor gradations
present congtruction difficulties. The goil on this
project s so poorly graded that it lacks sufficient
stability to support the equipment during construction.
This caussd poor control of depth and water spreading
and made constructlion operations gemerally difficuli.

The rotary tiller iz a very efficlent piece of equip-
ment, if:properly powered. The power supplied by a 40
hepo tractor is quite deficient.

In the absence of suffieient powsr for the rotary tiller,
a dige harrow is an invaluable asset. A dige herrow
ghouldd be on hand at every job where there is lack of
power for the robary tiller and for emergency use.

In Jooge soile plowing should be held to a minimam, Ons
pass of the plow is usually sufficient to bring meterial
up from the bottom,

& spray bar on the water distribubor, of sufficient lenghth
to cover the full width of roadwzy in one pass should be
specified.

After completion of emooth rolling, absolulely no equip-
ment should be allowed on the treated roadway, and even
walking should be restricted to a minimum, wntil covered
with at least 2 inches of soil.
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Curing material should be wetted by hand.

The length of roadway which may be treated successfully
in one day depends enbirely on the condition and amount
of equipment available and on the skill and organization
of the conbractor's personnel. During the latter part
of this project,with unskilled equipment operators,
medioere organlzation, not the best of .equipment and
difficult working conditions, 800 feet of 22 foot road-
way were processed in a 12 hour day.
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TABLE TII

SUMIARY OF CONSTRUCTION IRREGULARITIES

‘ aat Hole 191t
Seil CONSTRUCTTON Test Hole Densitles
Date Station Weather Temp. | Hours Condition IRREGULARITIES Station Total
8141 329 to Clear~ aome g2° 10-1/2 | Cement - 8% Sprey nozzles too small, re-
325 Clear— w.m. § 839 " { Limestone dust addedimoved. Wakter accumulated in
B320~328 = B.3% whesal trazcks. Robtary tiller
32B-323 -~ 7,1% Jevltivator and plow wers
used, Cultivator followed
woater digtributor., After
svery trip final mixing done
with tiller. Smoobth roller
did a poor job bscause mols—
ture content was too high.
Overestimated moisture
logges '
8-2-41 325 to Clzar— a.m. 8% 13-1/4 | Cemen} 8% Applied water without spray ¢ 321+50 1227
313 Clear— pes- | 90° Limestone dust~5.8% |noczzles, smooth reller bogg- | 319400 130.0
ed down in very sandy spot.
8-T-41 518 to Clear— a.m. | 80% 11 Cement 10% Difficulty in gpreading ee~ | 31L7HIO 117.0
312 Clear— DPole gRe limsstone dust-8.1% iment and applying water. 514450 118.0
Poor oparater on pabtrol
gradsr '
B8-8-41 812 to Faire a.ms 8g< 231-3/4 | Cement 10% Application of wabtsr slow £104+00 119.0
592 Cloudy— p.m.{ 92% § Timestone dust 8.1% ' B306+00 118.0
8-12-41 t 302 to Clondy—- s.m.{ &§° 15-1/4 | Cement 10% Method of spreading cemend 20100 115.1
294 Clendy— pee.j 62° Limestone dust 8% changed., Sacks spobted and | 29950 115.58
' lcement spread by hand. Di- | 297%50 121.0
fficudty in controlling :
depth of plewing. Disc mix-
ed wniform full depth
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ufgoil Congtruction :
Date Station Weather Temp, | Hours Condition Irvegularities 1 station Tabal
8-15-41 | 224 to 2868 Cloudy-a.m. g8E&° 15 Cement 1% Unit pressure 100#/sq.in.too RUBH0G 120.8
Clear—pema 6g° Limegtone dust 8% | heavy for compaction. Unit 291400 118,31
with sheepsfoot roller teo 288+00 115.9
80#/s5q.dn.gave saticfactory | 287300 119.9
compacbion, Difficulty in :
gpreadivg water. Contractor
attempted to spread cover mat—
erizl by grader. This operat-
ion was stopped because grader
merked surface,
B-14-47 | 288 to Clondy—a.m. 6ge 18-1/4 ) Cement 10% Difficnlty encountered in ob- | 285400 125.6
278425 Cloudy-neme 782 Timestone dust 8% | taining proper compaction at 283+00 ¥18.8
‘ adge of treatment in cubt sec~ |[281+00 112.1
tion. Water digtribution not [275+00 121..0
wniform,. Rain et 10:20. Supr-
face covered with paper.
8-16-41 | 278425 to | Cloudy—s.m, gge 17-3/4 ¢ Cenent 10% Silt spread rate Syds/ste, Af- 277 109.4
270+84 Falr-p.m. 729 Limesbone dust 8% | ter compaction with sheepsfootb 275 115.2
‘ silt &% surface rolled once with roll- 273 122.4
er then rolled with steel float] 27% 121.0
Obtained best surface with this
nethod. Contractor short-hended
tlus operation dragged out.,
8-18-41 | 270+34 P, Cloudy—am 74° 12 Cemert 10% Operations normal., Difficuliy 270 118.°
262-+48 P, Cloudy—pm 76° Limestone dust &% | in compacting edges. 268 114.C
to stz. 267 268 105.9
S8ilt 8% 264 102.0
8-19-41 | 2624486 to | Cloudy-a.m. 83° 17-3/4 | Cement 10% Operations normal. Difficulty
254+60 Fiar = De.Mme - Silt 8% in compacting edges no data
B=20-41 [ 254480 to | P.Cloudy-am 78 17-1/4 { Cement 10% Operations normal. Poor coms - no data
248 Cloudy-p.ime. 7ie Silt B% paction between sta. 249450 '
to 248450 in & cut section.
.V .
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PART 1T

SAND-RITIMINOUS STABITLIZATION

Part 1L cgntaims a. descriptién gf the various
activities incidental to the cougtruction of the
sand-bituminous section of the Grayling project.

The laboratory studies and observations on
£ield operation wers under the supervision of

Te Woleczynekl. Part IT 1s essentlally his report

1,

. which wag submitted upon complebion of the projset.
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This report represents the experience and kmowledge obtained from
actual trial in the field %o produce gatisfactory base course by the
stabilization of sand wlth several tobtally different types of bituminous
substances; The bituminous materials utilized include, medium curing
asphaltic oil (MC-R), rapid curing asphaltic oil (Rﬁmz), slow brealking
aspheltic emulsion (AE-7), and a cubt-back road tar (T-3).

The sand-bituminous stabilization seetion 1s approximﬁtely 4-1/2
miles in 1ength,.1ocated on the west end of +the Grayling project. This
iz the first project.of its type and geope to be attémpted by the Michi-
gan State Higﬁw&y Deparﬁmentg. | |

The congtruction of the bituminous section will be disecussed wnder
laboratory studies and field operatiogs. The laboratory studies will in-
clnde methods of determining the filler and binder conbent and the esbtab-
lishument of specification requirements. ¥Field operaiions involve all opera-

tions inecidental to ércducing a gsatisfactory surface.

Laboratory Studies

Several of the southern cosgtal shates have been gtabilizing local
sands for road purposes with cousiderable success. Thelr problem is some-
what analogle to the situztlon at Grayling and consequently we have profited
a great deél by their expsrisnces In sand-bituminouns mixturesa In,addition
the varioug manufactiurers furnishing.bituminoﬁs materials for this parti~
cular project were very cooperative and helpful by submitting specifica-

tions and recommendations for spand-bituminocus mixbtures.
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The laboratory phase of the work consigted of a careful study and

analyses of the soils on the projecht; the determination of the optimum

bitumen content and preparation of specifications.

The Soll

Grayling sand exhibits very poor bearing capabity, lscks sufficient
fineg, and, in general, is a poorly graded mixbture comparable to dune
sand, a8 can be seen by obgerving the typleal éradiﬁg curve presented in
Figare 11. The usual methods of stabilization of such a soil would in-

volve the use of congiderable quentities of clay and gravel, Asg eclay and

gravel are not alwsys available locally, and ag gravel type bases require
oil aggregate mats to produce satisfacteory all-weather surfacing, it be-

comes apparent that there is a need for obther means of producing all-

2

e

weather sbabillzed bases which when sealed or armor cozted will produce

comparable results to those obitained by means of gravel basge and oil
g

aggregate surfacing.

Addition of Piller for Stability

The first gtep in the stebilizatieon of this soil with bituminous
maﬁefials(required.that sufficient fines be added to bring up the bearing
strength of the sand, which in many cases was below 20 pounds per square
inche Ag silt ie the most sconomical souwrce of filler and ism always avail-
abls loeally, it waeg thought advanbageous o use it in preference te wmore
expensive typeg of filler. The effect of filler on bearing strength of
Grayling sand is well substantisted by the laboratovy data plotted on
:w%? Figure 12, It mey be stated that the bearing test is an excellent method

=

for predicting both in the field and the laborastory the suitability of a
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gand. or soil for bituminous stabilization. Experience in the Fleld indi-
cates that ﬁhen the bearing strength 1s below 28 pounds per square inch,
it becomes very difficult to support consbruction equipment ané to obtain
wizes having saﬁiéfactory gbabilitys this ﬁas found to be definitely true
by actually omitting the addition of filler on several gectbions.

From what was mentioned in the above peragraph it does not follow that
excess filler is advantageous, even though bea:ing ghrength will be higher
with exocess filler. The economics of bituminocus stabilization demends that
a minimmm of bitumincous meterial be used. High filler conteﬁts reguire
more binder to produce mixes which will not be friable and which will re-
sish the effechs of abrasion from exposure to traffic prior Lo arwor coabing.

Thug, it is of the ubimost importance that the minimum of Ffiller be
egbablished for the soil as well as the optimim amount of bitumen which will
be reguired for this amount of filler, Thié, of course points out ths im—
portance of having close control of the smount of filler added in the field
if best results are to be secured, and if the filler eontent is fpund to be
low on chscking the subgrade then more should be added; if too high, then
the subgrade which is to be treated should be incorporated to a sufficient
depth go as to decrease the concentrétioﬂ of the portion to be Btaﬁilized,
Therefore, once the minimum filler content is established, it is possible
to determine in the labofatory the optimum bitumen needed for stabllization.
Physical charvacteristies of the subzrede prior o application of bituminous
-material are shown in Tables No. 4, 5, 6 and 7. Informetion as to bearing
capacity, gradetion and moisture in subgrade, and aiso fines added to the
various sections are glven, and bear out facits expressed in previous para-
graphs. The stability of the sand-filler mixture was determined by the

Florida sand stability test.
- 5D =
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TABLE 4
¥MC-2 Stabilizer Data Prior to Application

Condition of Sand Soil

GRADATION ) y
Bearing: &ilt
Sta. to Sta. | Moisbure| Pagging 10 | Passing 50 Passing 100 Test Applied
Total Sectlion| Percent | Rebained 50 | Retalned 100 | Retained 200 ! Pagsing 200 ] Lhs. vds/sta Remarks
246242 4.0 421 45.0- 6.2 6.7 | 39 . B Normal filler content
242-230 B.0 38.5 5Q.2 . 5.1 Gal 23 5 Normal filler content
39aa 43,5 G.2 11.0 45 10 ey G558, 22]-219 extra
—e filler
230-217+50 4.0 45.4 45,4 4.2 - 5.0 37 5 ——>5ta,230-221 normal
_ filler
49,7 45.5 2ok Rad 12- Hone —78t8,218-217 no filler
: added
217450 2.8 38,5, 50,5 4.8 72 42 None Normal filler content
20525
205125 2.2 4742 40.0 5.2 7.3 59 None Normsel filler content
187450
1:?;;50 - 7.8 4044 46,5 ol 6.7 42 Wone | Normal filler conbent
1761863 4.2 bled B36.5 6.5 b5 45 None Normal filler content
P Es 14 - ! Lof
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- TABLE 5

RC-2 STABILIZER DATA PRIGR TO APPLICATION

GRADATTON . Beering Siit _-1
Sta, to Sta. Moisture | Pass. 10 | Pass 50—_—Y Paszs 100 Test Applied
Total Section Parcent Ret. 50 Ret, 100 Ret. 200 | Pass. 200 lbs,. yds/sta Remarks
183-152 4.5 41,2 | 48.6 8.1 B4 19 & | Normal filler content
152-141 7ol 31.3 4953 8.4 10,8 40 5 Hormal filler content
130=132 5§,5 59,5 6.8 14,5 66 15 Double smount filler
132-134 5.5 47.4 43.2 6.5 2.8 22 # None No f£iller applied
141-134 7.1 45,7 Fod 9.3 43 5 Normsl filler conbent
130-119 5,3 45,5 41.2 Tod 8.0 52 8 Normal filler combent
118=-115+50 4,9 435.1 36.8 8.5 11.5 7R 5 Normal f1ller content
113+5G-108 4.9 43,1 36,9 B0 11.% 72 5 Normal fiiler content-
108-97 3.9 40,5 58,4 8o3 12,8 35 5 Normal filler content
97-86 3.0 43,5 38.8 Tl 10.4 64 5 Normsl filler conbtent
= 52 =




TABLE €

AE-7 S%sbilizer Deate Cbhtained Prlor to Anplication

o GRADATION Lbs. Silt
Sta. to Sha. Wolsture; Pags. 10 Pass. B0 { Pass.100 Bearing ! Applied
Totel Secticn Parcent | Ret. 50 Ret, 100 | Ret. 200 | Pass. 200 Test yds/sta Remariks
3-8 8.2 61,7 18.4 5.8 7.8 54 5 Filler conbtent normal
8-19+50 77 38.1 52.8 8.8 13.8 70 5 Filler content too high
145032 78 37 .8 37 .6 B.C 12,9 ?6. 5 Filler eccntent too high
3244 7.C 38,7 37 .2 8.2 12.2 a2 5 Filler content too high
4456 6,2 58.0 %88 11.3 12.¢ 85 5 Filler content too high
5688 Tu8 32.E 45.5 G0 13.C 64 6 Filler content too high
5880 Tel 56.0 47 .0 G. & 10,8 82 5 Filler content Ltoo high
BT 34 g ox
o 38,0 o 5
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TABLE 7 .
T-Z Stabiliwer Dota Pricr to Application
' RADATT
} CRADATION Beerdng.| . -811%
Sta. to Ste, | Molsture] Pass.lO Pass.50 Papgo 00 | ) Test  Applied
Totel Section | Percent | Reh. O Ret.100 | Ret. 200 | Pass, 2007 1Bs, | yds/ste " Remarks
80-83 1G.7 38,2 444 77 14.7 88 S Abnormally high f£iller content
_BE-28 8.6 34.8 48.2 841 10.4 58 B Abnoropally high filler counbent

§
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Florido Sand Stabiliity Tesht

The sand i oven-dried 1o consbant weight. Six hundred grams of the
dried sand are’slightly dampered with 10.5 cc of water and miwed to uni-
formity. The sand is placed in a cylindrical cup 3 inches in dlameter by
% inches in beight and given an initisl pressure by hand and then suhjscted
to & pregeure of 1200 poundsg for compaction. The bearing plate isg removed
aﬁd a small bearing plate of exactly one square inch ares is placed in the
center of the cup on the surface of the sand. A load 1g applied t0'£he
bearing plete in 2 lever srm machine bj allowing lead shot to flow into a
bucket on the end of the lever arm. Shot is applied until the bearing plate
upsets the stability of the sand. The load in powndg per sguare inch is
recorded. {The weight of shot is multiplied by 4 to determine the pressure
per square inch on the sample ag the lever arm has & 4 to 1 ratio.} The

Florida SRD has adopbed the reguirement that the sand must haeve an untreated

stability of 2B pounds to be satigfactory for bitumincus mix.

Optimun Bituminous Coutent

The principle involved in gtabilizing sendy soils iz based upon the
fach that the bearing capacity of s grenuler materisl like send can be
grea%ly increaged by sixmiy'increasing'ths internal friction of the str-
faceg of the soll particles with films of bitumenu- The factor of cchesive-
negs produced by the bitumen enters the picture oniy from the standpoint
whether or not our design calls for a traffic resistemt base. Thus, a
base which lacks sufficient cohesion might bave exeellent stability yet
would abrade exceésively if not sealed early enough with an armor coatl.

Where sufficlent cohesion is obtained in addition to stability, then it is

possible to withold a seal-coating wnbil meximum curing of the mat is ob-

bained.
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N In order tc cbtain the opbimum bitumen content, mixes were prepared
and gpecimeng of varying bitumen and filler contenis were made and were

tested both in an uncured and cured condition by means of & modified

HﬂbbafdAand Pield Stability Test. Specimens were also tesbted under the
effects of both capillary moigture and total immersion in water. Results
" were plotted for each bituminous materisl as to stebility andlabsorption.
From thig datz the opbimm bitumen content wes ascertained. Typical.rew

sulte are shown graphieally in figure 15, Ma;ima on curves indicate proper

amountt of bituminous malerisl, that is, when bituminous meterisl is plotted

againet stabilily in pounds.
Tt was fovnd from the above laborabory work that the optimum bitumen

content for the followling materials, T-8; MC-2; and AE-7 were 8. percent,

8 percent aznd 8 percent respectively. At the time of performing the labora-—
tory work we ambicipated using T-E for an entire séction. However, it de-
veloped later that we could not obtain sufficlent T-% material to do the

work, cdnsequently, RC-2 asphaltic materisl was substituted. The percentage

of BC-2 uged wag approximetely 4 to 5 percent.

Upen the bagls of the laboratory work it was possible to prepare spe-

cifications and instructions ineidental to comsgtruction procedvre. The

speclfications are Included in the Appendix.

CONSTRUCTION FROCEDUEE

The construction procedure for building a sand-bituminous stabilized
surface conslste essentially of three major operations; mixing operetions,
acrating or curing and congolidation and finishing. The three operations

g%ﬁ& will be discusged in the order mentioned.
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DESIGN

SAND-BITUMINOUS MIXTURE

MC-2 ASPHALT '
0% MINERAL FILLER

2000
} : Cured
(600 Moist Blotter
/ /L\ ~ 7-Cays
/A ) T
1200 ) / 1 \ Cufed
“ “Tptal immersion
© P 7-Oay s
= _ N
O . ]
a Cured 140°F —+ Uncured
e BOO 9 L »9;//@10%5? Blotier
> o -h______,%" R\ 7-Day's
E S - A 8 ~ ‘
2 ?\ , \ Undured
" 400] . 3 ™~ Tofal Immergion
' 7-Days
Uncired + :
. \\\‘%h
SR E _f)__._..._, P
O ! e
4,0 50 60 0 80 95,0
Percent Bi‘iuminous Binder MC-2
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Mixing Operations

Mixing operations include the incorporation of fines into the natural
g0il to produce mechaniecal sgbability, the addition of necessary moisture to
insure prbper digtribution of the bituminous materisls, and the application

of bituminous binder and subsequent mixing operations,

Toncorporation of Fines

After the proper amount of silt had been spread upon the ssnd subgrade,
it was inbimately mixed with the Sand7 The mi#ing was accomplished most
effectively Ey several pésses of the Seaman Rotary Tiller which, when set to
proper depth, produced a mix éf silf end sand of a surprising degree of uni-

formity. ©See Figure 14.

Addition of Watber

A cémpfehensive study was made on the effect of water upon the mixing
operation. Thls study revesled that a eesrtain amount of water sids greatly
the mixing_procasss However, successfulrresu1£s were oblained over quite a
evest renge of moisture céntents, which seems to indicate that final con—
clugions must be based mpon durablility of the warious Sections‘treatedo
Fxeess waber iz less objectionsble with bituminous materials which are less
préne to gtripping sction of wabter, thls indicates that some congideration
should be given to this phase of the problem of stabilization with bitumin-
ous materisls. With asphaltic emulsion of the slow breaking type, some of
the bituminous material may be washed out of the mix due to rainfall, actual
extractions cnlmixes indicated that the logses are very low even under the
severest rainfalls; hence, with emulsions as well as with other bituminous

materials, excess moisture is not objectiomable if it can be evaporated by
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Figure 14. WMixing silt into sand subgrade by means of
the Seaman Rotary Tiller

Figure 15. Sampling the subgrade prior to application
of bituminous materizl.
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agratlon to glve a mix capeble of belng compacted. ‘

in application rate of 0.8 to 0.6 gallons per square yard per inch depbh
from & 1000 gallen distributor was found to be gatisfactory for most of the
bituminous materials, ag the emuleion mush be added in larger quantitieg,

the applicatien rate was raised slightly to between 0.6 to 0.7 gallons per

square yard per inch depbh. See figuresg 15 and 18,

dpplication of Bituminous Materisl

The data obbained concerning applicetion of the bituminous materials in
the Pield arc shown in tables 8, 9, 10 and 11. One factor which muet be
giveﬁ éonsideration in the problem of applicstion of the bituminous materials
iz thet a gysbem of distribution be uged which will not deley the econbinuous
addition of the bitumindus materiasl to the sUbgrade within a practical length
of time. The hanling of the bitmminous meierlals from a remote loading lo-
cation would require awxiliary distributors. Also, it iz of prime importance
thet tos large s copaciby of digtribubor not be uvsed unless sufficiently

powered tEactors are avsilable to help pull the distributer through Alffi-

cult subgrades.

The 22 foot widbh base required that en 11 foot spray bar be used on the
digtributor. Aftar each application of the bltuminous materisl, a spring
tooth harrow or spike tooith dvag wasrusad for initial mixing. Then final
mixing was accomplished by use of a dise harrow followed by a patrol grader
erbull dozer, and lastly followed by a rolery tiller, until umiformly mixed.
See figurss 17, 18, 19, 20 and 21. Condition of the sand bease gnd shoulders

Limited mizing procedvre, a 6 inech uncompacted or a 5 inch compacted depth

P@h@@ was mized Pull depth. Although this combradicts methodes used elsewhere, our
%
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Figure 16. Sand subgrade prior to application of bituminous
binder.

Figure 17. Application of bituminous material
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Figure 18. Initial mixing b& means of a spring tooth type
of harrow.

@ rigure 19. Initial mixing with the spike tooth type of
' harrow,
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TABLE 8

MC-2 Stebilizer, Pata

Concerning Application

- Woisture | Actual To. |
. Prior te Gals. of No. |Total | Total MC=2 per | MC-2
i Totel Seclt. |Application| 60°F per Appli- of Gals. [Gals, | 100 1bs. dry! per
gta.to sta, | Percent syd./in. [cations | Feet [ 140°F {80°F sand, (1bs.)| cent _ Remarks
246242 4.9 0,52 5 400 | 2600 |2510 4.9 4.87 | 75% full depth, 25% uced to en-
} rieh top 20,
Top - 5.7% MC=2 -
Bottom - 3.48% HC=2
242-230 5.0 0,52 5 1200 | 7825 | 7560 4.9 4,37 | 1200 gal, top 3-1/2" 4.774
, 86£5gal. mixed full depth 5.65%
250=217+50 4.0 . 0.50 5 1350 8500 | 8200 4,70 4,50 Full depth
17450 —
29'; 405 2.8 0,51 L 1425 8200 89 4,85 _‘4“.6@ Full depth
205425 - . : ._ ,
187450 . 202 0.58 7 & 1575 | 11600 |10C,5600 B2 4.84 Full depth
187+50-176 T8 D57 5 1150 8296 To00 5.3 5,03 Full depth
1764163 4.2 0.57 5 1200 | 9150 | 8850 5.3 | 5,08 | Full depth
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TABLE 9

RC-2 Stabilizer, Data Concerning Application

ActusXk No. . '
vt Moisture Gals, of No. ' RE-2 per
Total Secte {in sand (60°F per Appli- of Total 100 lbs.dry RC=-2
gta. to sta., percent - |syd./in. ;catiens | feet [Gals. sand, (Ibs.) percent Remarks
163152 4.5 0.E3 4 1100 {7100 4,70 4,50 Full depth *
152-14% Te2 0,55 & 31160 7550 4,88 4,86 Full depth %. Sta. 144 to 141
additional 400 gal. enriched
full depth 5.85#/100#
5.E% RC-R
141-130 5.3 0,55 4 1160 {7350 4,88 4.86 Sta. 132-134 had no silt. Ste.
180-1%2 had 10 yds/sta. addi-
tional 950 gal. used to enrich
top .
130-119 5.0 0.55 4 1100 {7350 5,86 2,53 | Bot.| 754 RC-2 full depth
6.1 5,75 | Top | 25% RC-2 top 2-1/2 inches
119115450 | 4.0 0.55 4 550 |}3675 3.6 3.55 | Bob.| 75% RC-2 full depth
8,11 5,75 | Top 25% RC-2 btop 2-1/2 inches
115+56-108 | 4.0 0.5 4 550 {3675 3,66 3.55 | Bote| 75% RC-2 full depth
: 6.11 5,75 | Top | 25% RC-2 top 2~1/2 inches
108-97 BoTH 0.55 4 1106 17850 3,66 3.55 | Bot. | 75% RC-2 full depth
' 8,11 .75 | Tep | 25% RC-2 top 2-1/2 inches
97-86 3.0 0.55 4 1100 {7350 3,66 3.55 | Bobte | 75% RC-2 full depth
6.11 5,75 | Toep | 25% RC-2 top 2-1/2 inches
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T-% Stabilizer, Data Concerning Application

TABLE 10

Actual | T8 -3
-~ Moisture Galse. Ho, Humbez Total per 100 1bs. dry { per
- Total Sect, | in sand | 60°F per of of Gallens sand, (Ibs.) cent Remarks
sta.to sta. | perecent | syd/in. feet | Applicatiouns 60°F
8083 10,7 0.5¢ 300 5 2,80 8,25 5.8 Too much moisture
83-86 8.6 0.58 800 5 2,80 625 5.8 Toe much moisture
- 88 -
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TABLE 11

AT Stabilizer

Data Concerning Application

Moisture { Actual Ho. Ko. Total * AB-Y per A Bit.
Total Sects {in sand Gals. of of Galg. § 110 lbe., dry rer per
sta.to sta. | percent E0°F per | Appli-~ Feet 60°F. | sand, {1bs.) cent cenh Remarks
: syd./in. { cations
3.8 8.2 858 6 500 4350 6,8 B.2 .72 2850 full depth
1500 enrick top 1-1/2"
8-13HE0 77 E82 5 1150 5630 8.4 8.0 3L.80 7800 full depth
' 900 envich top 1-1/27
184#50-32 7.8 878 5 1150 10,150 8.7 6.2 B5.78 7600 full depth
1900 enrich top 1-1/2"
: 250 gal, uvsed to swesten
sandy spots.
—
FR-44 7.0 -850 5 1200 8500 5.7 5.4 Bl 7600 gallons full depth
' ' 1200 gallons top
4458 6.9 <850 5 1200 9500 5,7 5.4 5.24 7600 gallons full depth
: 1900 gallons top
56=-686 7.5 850 8 1200 11,400 ToR 6.7 4.02 Full depth
58-80 77 2850 8 1200 10,400 § 8,.€ 6.2 3.T2 Full depth l

- 67 -

6400 gallons

# Intersection to station 3




experiment shows thet mizipg full depth will produce satisfactory mizes of
2 %ery wniform charecter. The dise harrow aids greatly in getting the miz
down to full depth, while the patrol grader or bwll domer 2ids in applying
pressure on the mix so that the "oil balls" are broken up., The rotary
tiller is especially adapted to the eliminstion of sand streaks someblmes
forned when discing and other operations are being carried on to obiain the
proper depth. The rotary +1ller alse asotg as an excellent mixing tool, =s
it kicks up masées of bituminous meterial and sand to the surfece where
they can be Purther digintegrated by the use of equipment which will impart
pressurs to the mix. However, it was found that the rotary tiller was the

most effective as a mixing tool when uwsed with asphaltic emulsion.

Enciched Top fourse

On some of the sections the top course was purpogely enriched. This
varied the mizing procedure sopmewhat only lasofar as soms of the bitumin-
- ous maberial was held Back and was applisd lzter and then mived in the

top poriion of the base only. This was found to be poor practice where bthe

binder gives sufficisnt cohesiveness and the asphalt residue goft, ag

U}

rubbing may occur, ag in the casge of the medivm curing asphaltic oll.
With rapid curdng oll, for the amount uhaﬁ and the mapid asration under-
gone, it wes found necesgary Lo enrich the top of the base to get a top

surface which would have proper coheslye properties. In the case of the

M
w0

5!
&
s,_.l
el
[~te
&
[ 3

wilsion, it was found that even with enrichment, lack of oohe-
sivenesy could not be enbirely eliminated; this was portially dus b9 ex-
cessive raing encowmbtered and bad weabther for drying. In all cases guffi«

cient shehility of base wag obbeined with all bltammmouﬂ materials used.
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CURTNG OF BITUMINQUS MIZTTURES

E.

The most difflenltd problem confronting the englneer in the field

4+

nging cubback oils is to ascertain when the bituminous wmix ig suffileiently

cured or serabted for compaction. Proper curing is very critical, hecause

e
ky

the mix is over cured, then it will be dry and dead and the parbicles

]
iy

sand or goll will nobt bind properly. On the other hand, if the mix is
insufliciently cured, the base will become unstable, thus resulting in dies-

placement and rutting of the voad surface.

*

Determination of Proper Curing

In ovder to remove the hapard of gusssing as to the degree of cuxings'
2 method uged in Webrsaks was adopbed and used in the field to determins
the logs of voladiles from the bituninous wmizes which contelned cutbac
agphaltlic olls. A‘Simple degcription of the test is given as follows;
BAC grams of the mix are'wéighed and transferred inhto a thoupand cdﬁic cen—
timeter round bobtom, short neck pyrex flask, then approwimately 350 cubie
centimstors of waler and 3 grams of sodium carbonate ars added to the flask;
nexh a-stepper is inserted intoe the neck of the flask and the contents of
the flask are shaken thoroughly for b mlnutes, an A.S.T.W. craok case dilu-
tion brap éontaining wabar is placed ﬁhrough-a corit in the neck of ths flask

and a vefluwr condenser is ablached to the top of the trap. The tip of the

th

condenser ig placed ab the indentatlon in The irap. After fha_assembly of
the épparatus, {see sketeh figure 22) heat is applied so that a reflux rate
from 85 Lo 95 drops per minute 1s maintained.

At the end of a 3 hour periocd, the heat is removed, and after 15 mlmutes

the volume of digtillate floating on top of the water in the graduabted columm

= BT




of the trap is read. Loas iz calculated as percent of aeration.

cmge oil in mix = wh. of oil _
sp. gr. of oil

¢ digtillate recovered = Lelo d1§t°_ln_tra? x 100
ce.ce of 0il in mix

% aeration = &=FB. x 100  whers
C
A = percent distillate in unmaerated sample

B = percent distillate in areated ssmple

G = percent distillate in unzersied mix
With the obher bituminous materlals where the above test could not be
ubilized, stabilily tests were ueged as & criteris for proper curing. The

data obtained in the £ield on mixes prior Lo their compuetion, Includes

molgbure by the A.S.TM. mebhod, stabllity and percent asration where

pozsible to apply, and also bitumen coubtent by rotarsx extrachtion. The

date obbained from the various sections of the Grayling project are pre-
}ﬁ senbed in Tables 12, 13, 14 and 15,

In a separats study, inveshigation was capried on in the laboratory bo
azcertain the effect of curing upon the stabilidy of mixzes. Controlled
gpecimens containing no molsture were made from mixez which were alleowed to
cure to various degrees. These specimens were tesied for shability, typi-

eal data is shomn in Fligure 23 for MO=-2. The effech of moisﬁﬁre upon the

stabilisy of cured nixes was alse studied. Here it was found that when the

proper amount of wabter was in the specimens and $he specimens were compached,

maxinunm stabllity resulted upon curing to coustent weight. See Flgure 24).

-0 -

e i e, AL i



Data Obtained on Mix Priocr to Coﬁpacﬁi@n

=2 Stebilizer

‘

Water

paene.

TABRTE 12

Digtillate

Bituman '
Tobal Sectlen .| by Extraction i Stablility | in mix 4§ Recoversd Aerztion
sta. to sba. percent in pounds i percend Bale percent Remarks
548..047 4,3 500 G.0 2.3 82.7 ——= Top proper asration
.3 200 0.3 268 59.6 —  Botitom insufficient asrsiion
o4 600 1.0 3.1 45,7 - Top proper aerabion
242=-280
5.8 200 1.8 2.6 38.7 - Bottom ingufficient aeration
R30-217+50 4.8 450 1.3 3.4 560 Insufficient asration
217+50 ~ 208+25 5.9 500 0.3 23 51,8 Proper aevration
208425 — 1387450 4,8 800 3.5 2.3 51.0 Proper aeration
187480 - 178 44 BEC 2.2 8.8 89,7 Ingufficient seration
176~165 4.5 400 1.12 8.1 47,58 Proper aeration
w T1 = ’



TABLE 13

- RO-2 Stabilizer
Data Obtained Pricr toe Compeetlon
Bitumen Tater | Distillabe|
Total Section | by Extraction Stebility | in Mix | Recoversd | fAeration
Sta. t0 Sta. percent in pounds | pervcent, C.Ce percent Remarks
163-152 Bod . 400 4.2 1.9 85,5
3e2 500 4.0 1od TS
1521471
4.5 450 4.5 2.5 66 .4 Station 144-141 enriched
502 40@ 5&2 20.2 Bﬂttoﬂl '
143-139 49,8
5e3 EOO 2.1 3.7 Top enriched 1 to 1-1/2 inches
150112 4,9 450 el 27 8l.0 Top, 25% RC-2 saved to snrich top
alf of mat. . )
113-113450 4,4 450 2.5 2.9 £8.4 Top, 25% RC~2 saved to earich tep
’ hﬂlf Of mat *
113450-108 4.8 400 2.5 2.9 B3.4 Top, 254 RO-2 saved to envich top
) ' half of mat.
108-97 4.8 456 1.2 2.6 68.7 Top, 25% RC-2 saved t0 envich top
. half of net ®
97-86 4.7 500 1.4 2.4 85,5 Top, 25% RC-2 saved to enrich top
half of mat,
-2 - %
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Data. dbtained Prior tc Compaction

TABLE 14

AE-7 Stabilizer

of Mix

Water in

Te8

Bitumen Mix whet

Total Section | by Exbtractlon Compacted Stebility
Sta. to Shs. percent percent pounds Remsriks
-8 5.2 8.6 600 Friable mix
818450 Se7 TeD 400 Friable mix
15%50«52 595 70 400_ Friable mix
32-44 5.1 8.7 300 Frisble mlx
4456 Be2 8.9 1100 Friable mix
58-88 _ BeB fod 500 Friable mix
68-80 Sad 800 Friable mix




‘@
TABLE 18
- T3 Stablilizer
Data Prior to Compacilon
) ’ -5 ’
Sta. to Sta, | Moisbure | by Extraction Bitumen Stabilitvy
Total Sectlion| Percent peraent Pereent Pounds Remarks
80-85 5,5 5.5- 8.92 | 800 Mix wnsatlsfactory, too soft
8585 5.3 5.7 5.99 | 850 Mix wnsatisfactory, too soft
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Clamps

Ring stand screwed
to table lop.;

(1N /Water outlet

b=

- Gondenser

ﬂgj Water inlet

.t~ Con filled with sand

“‘@ Stove or Mot plate
/

-

) _—1able top

Sketch showing apparatus set-up for moisture determination

on bituminous aggregate.

(ASTM. D95-30)
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THE EFFECT OF LOSS OF VOLATILES
UPON STABILITY
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HUBBARD -~ FIELD STABILITY- TOTAL POCUNDS

THE EFECT OF AMOUNT OF WATER PRESENT
ON MIXING
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This data indicates that for an optimm bitumen content there migt be
a critical moisture content go that meximm stability be obteined after
compaction.

In the field, aeration or curing is oktained by the use of the rota
tiller or dise harrows. Thus, weathsr conditions and temperéture effect the
economics or cost of this phase of the work. When weather conditions are
proper, then the mixing process alone may be sufficient to produce propsr

aeration. However, curing is primerdily a fumetion of ths type of bitumincus

mateorial used.




COMPACTION AWD FINTSHING

After a satisfactory wniform mix has been obbalned and the mix is
sufficiently cured, the next step In building the sbabilized base involves

compaction and finishing. This invelves initial compaetion which is ob-

tained with a rubber tired roller, and final compachion which is obtained

with a § ton tandenm »oller. The sheepsfoot rollar did not prove sabls--

factory for compacting the sand-bituminous mixbure, therefore, it was dis-

carded after a few brials.

Initial) compaction

Two difflerent methods of compaction were used successfully. The firsh

method involved the following procedure; a patrold grader was used to straight
g@;@g edge the completed mixture to true grade and proper crown; then thls opera-
gjﬁ : ‘

; 3 tion was followed by rolling with a rubber tire roller at edges, working

togard the middle to meintain crown of base; then any Turbher defects caused

by difference in packing by compacbion are corrected by pabvrol zrader equip-

menb., Finallyyrthié is rolled-with a rubber tire roller once again. See
Figure 25. Thg'aeeand mebhod used was developed for the fiﬂisﬁing of mixzes
which ordinarily would set up too rapldly and hence reguire that less time
be spent in the finishing operation, as in the case of the rapid curing
agsphaltic oil. Three-fourths of the tolal bitumincous material to be added
is thoroughly mized in and the base undergoes an initial sheping and patrol
grader operation. Then the remeinder of the bituminous material is added
and mixed thordughly; rubber tire roller followed by final shaping with

patrol grader and fleslt maintenance followed by the rubber tire roller.

=
i
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Final Compaction and Finishing

'Regardless which of the twe metheds menbloned above are used, the
final compaction and finishing can be secured by use of a § ton steel tanden
roller, BSee figure 26, However, the use of the roller mugh be judiclous,
ag in the capge of medium curing asphaltic oil MG-2, it islnecessary'to wall
until temperabures are down early in the morning, while in the case of othew
bituminous materials which seb up very hard 1t is hebtbter to roll when 1%t is
warmer. In still other cases, it-mighﬁ pay to forege final rolling watil
bage has stoo& and cured for 4 or & days., However, in any case, the final
5

relling with a sheel roller will be governed by the factorg of ltemperabure,

phability of mixtwre, climatie conditions, and modpture in the base.,
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Figure 25. Compaction with rubber tired roller
{9
Ldr
[}))) %Q ‘ Figure 26, Final compaction by 5-ton steel roller
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Figore 27. Typical base after bituminous

stabilization.
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TABLE 16

Typical Analysis of Tar, T-3

General Characterisbies o« ¢ » a o ¢ & o o Tiguid

WALEr o« o 6 o o a o 0 5 s o s s o 5 o v o 1.9
Specific Cravidy, 25°/25° € ¢ o o » o o o 1.154
Specific Gravity, 15.59/15.5° € Q‘, e o o 1.157
Specific Viscosity, 40°C ¢ » + o « ¢ 's o » 18.8
Total disbillate by weight o
E0170°C & o o o 5 o 2 s s 5 a0 o s 0.5
L 20 270%C ¢ « o ¢ s 5 o e 5 5 0 0o o o AleR
e - £6 5009 « o o o e v e o oo e 28T
Y _ .

Seftﬁniag Pﬂint R ¥ BeC 5 e o & & 9 ¢ v & ® 57°C

Total between 082 e = © & & ® & & & & & 8 ® 95(»12%

wl|® o -85 =




TABLE 17

Typical Analysis of Asphaltic Materdials

 CHARACTERISTICS ' ANgLiSIs
Waterial " G2 RC-2
Specific Graviby, 25°/25°C <973 -986
Flagh Polnt | 7500 3450
Viscosity Furol, 60% ' 199 | —
LI " 50O - 325
‘Disbillation - 225°C 1.0 16,9
515,590 18,0 25,0
360°C 23.0 ! 24.9
0liensis Test Negative ~ Negative
Test on Distillation Residue
Penetration 178 1o
Ductility | | - 110+ - Lo
Solubility in €C1, ' 99,9 99,96
Source Texas,Lockport Lion, Eldorado Ark.

0L
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RECOYMENDATIONS FOR BITUMINOUS STABILYZATION

From obgervations in the field, it becomes evident thet plaut mix would
give betler resulis than those obtained by reoad mix. Conmbtrol of mixing op-
eratlon 1s difficult and the climatic conditions are such that some form of
plant mix would be preferzble, if comsistent resulis in a whole construction
seagon are to be obbained. When we consider that our gravel stabilized bases
were road mixed snd then later were as economically produced by plant methods,
it becomes apparent that the more consistent resulis obtained by plant mixing
should be applicable to bituminous shtebilization wilth the same effectiveness
a8 now obbtained with grawvel base stabilization. As the bituminous stabilized
bage is much superier to the gravel stabilized base from the stendpoint ef
all weather effectiveness and meintenence, it is recomended that plent mix
methods be utilized on future projects rather then road mix where bituminous
stabilization is to be carried out.

If road mix metheds are to be alweys successful over the greatest verla-
tion in climatlc conditions, then the proper type of bituminovs meterial will
have to be devised. Thus, each bituminous material hes some merit yet no
single material has the combination of quelities which would give the most
ideal results. To elucidate further, the zbove staled fact, it iz bub necess-
ary to compere the properties of medium curing MO-2 and repid ecuring RC-2
ssphaltic oils as used in road mix stabilization. The WC-2 hituminous met-
erial fequires censi&erable aeration to make a sulteble base, ag this aera-
tion only proceeds ab an econcmicsl rate when the wemther is hot. It is
evident that in cool weather manipulatlon costs become excesslve and asere-

tion may mot be adequate. The RC-2 bltuninous material revealed that
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aeration proceeds too rapidly for the speed of mixing oblaimsble with the
equipment used, hence mix ig too viscous and cannot be finished properly
doe to lack of workebility. From this it can be geen that neilther MC-2

nor Rég2 have the idesl properties and each has at least ome bﬁd short-
coming that 1s detrimental in its use as a stabilizing agent, In the case
éf ME-F asphaltic emﬁlsion, although thig material mixes with easse, it re-
quires tha% a great deal of water mugt be evaporated in erder to obtain the
best result, this beceﬁes impractical in reiny ﬁeather or cool weather. I%
isgy thefefore, recommended that a morve suitabie bituminous meterisl for this
tyee of bituminous road mix stabilization be devised. This might be done
in one of two ways, that is, one by the eubtting back a heavier MC asphaltic
01l with light volatiles, or by blending an RC asphaltilc oll with MC type
of agphalble oils, or possibly blending an SC oil with an RC oil,

Another factor which will improve the pressnt reculte obbtained with
the bituminous material as used at Grayling is to improve the applicatien
methods. The best application iz met to spread the bituminous material
evenly ovef the sﬁbgréde, ag thiz often resulis in a deficiency of bitumin-~
oue materiel at the edges which are Inherently weak. Perhaps it would be
better prectice to spray a little heavier concentrated spray toward the
edges and a lighter spray toward the center of the road where there isra
tendency for over-lapping. The rate of applicétion is affected greatly by
the distance of the tank car to the peint of applicatiom-gn the sulgrade,
bence it is advisable to have sufficient nuwber of auxiliary tenks to in-

sure vapid application. When it is impossible to get the bituminous meteriel

e
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to the‘point of applicatlien fash enough, then the conbracter should held
+o a shorter working strefch, ao'that too much time is not lost in apply-
ing the stabilizer.

It iz recommended that & close check be made upon the materisls used
by the contractor io build up the grade to meet the requirements shown in
the piams, If eonvenient the contractor will use top soil or any sandy
materizl obtaineble from s bank or field, as at Grayling where this work

was carried on most econemically with Le Tournean turﬁiggﬁse‘ Therefore, if

& e

the meterisl should be full of frost hei%e or is veryzg;ragular in character
there mey be comsiderable tyouble involved in mixzing and stabilizing the
built up subgrade, and too high an amount of stebilizer may be required to
obtain economieal sbtebilization.

It is advisable to keep elose check on depth of sﬁbgradé gtebilized,
otherwise there may be eonsi&efablé diffieulty in getting the maxinmum value
obtainable from the amount of bituminous materisl. This can best be dene
during the various staées of the mizing ¥y tbe inspector or engineér, ag onee
Athe pavement is compacted it is too late to correct the lack of depth requir-
ed without wndue expense teo the contractor. It is alsgo recommended thet somes
dats be obtained in the fulure so as to prediet what depth of subgrade has to
be stebilized in order to get a prescribed compacted depth of finished mat.

From time to time, field inspection should be made to ascertain froem
the datz obbained at the time of construction as te dursbility of the verious
sectlons. In this way, through field observebtions, it will be possible te

make conclusions regarding the effect of different amounts of moisture and

filler and other such varizbleg in the field.
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Hesults of laboratory tests using the Hubbard Field Method indicete
that further improvement im designing mixes might be obtained if triaxisl
eell or stebilemeter method could be applied. From & seientific point of
view, the Hubbard Field method doss not give all ;ai‘ the information, whereby
the stabilometer gives a more céxﬁplete record as to design of mixes.

Another imporji;ant consicieratic;n in the bitumlnous stebilization preblem,
is the idea of producing zﬁore econounic stebilization by enriching the top
enough so that no armor coat will be required. This wounld he desirable if
cocts are to be cut down to a minimum, It is recommended that sections,
where MC-2 and RC-2 were used, be left open and not sealed, in order to as-
cerbain feagibility.

It is further fecomende_c}__ﬁhai: stripping tests be developed to ascertein
" suitability of bitumen used in stebilization, as it is certain that a bitu-
minous material which will adhere to sand 4n the presence of moisture ies to.
be preferred in road mix stabilization.

Experiments ’should be carried on to ascertain the effect of freezing and
thawing along with the absorp‘h_ien- to ascertaln percentage of water which can

damage stebilized base in conjumction with various bituminous substances.
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PART ITT

CONDITION SURVEY
AND
SUMMARY

Part 11T presenﬁs a compllation of cost date
? ‘_ for the vérious types of stabilized surfaces on the
1 Grayling project, as well as the results of & con—
dition survey before and aftsr one winbter in ser-

ﬁl‘j!@ - vice and a gemeval summary of the whole project.
} e . .




COMPILATION OF COST DATA

In the intreduction of this report, the cost per sqguare yard of each
type of stabilized surface was mentloned. For the purpose of comparative

study a more complete summery of the varicus cost items will be presented

as follews.

foll-Cement Stabilization

L 1898 barvels of cement at $2.20 § 4175.60
250,025 tons limestone dust et 5.5 153764

.ﬁ 105 tons gild at 2,75 288.75
198/1000 gallons water at  8.00 1584.C0

e 88,9 station menipulation | &b 60.00 505,00
Cost of progessing surface $ 12419.99

Gost per square yard = $12, 419,99 20, 509 = 60n1/2ﬁ
per sguare yard

Surface treatmeﬁt cost -

20,500 x 14,74 = 5025 .02
Total cost of soil cement séétion $ 15,445.01

Total ecost per square yard for completed surface equal
to 60,86 + 14.74 = 754,

MC-2 Bituminous Stabilized Section

54,395 gallong MC-2 at $0.11 $ 5,988.23

400 tons gilt at 2.75 1,100.00

E 83.8 gtation manipulation ' at 45.00 3,725.00
Dy e — o

I A Total coegt of section : $ 10,818,253

)




Cost per square yard = $10,818.25 - 20,289 = 53-1/3¢

No sgurface trestment.

R{-2 Bituminous Stebilized Section

” 55,081 gallons RO-2 at § 0,13 § 7,154.05

éi 585 tons silt | at  2.75 1,058.75

: 77,6 station menipulation at $45.00 5,465,00
Total cost of section . & 11,677.78
Cost per square yard = $11,877.78 — 18,822 = 82¢

Vo surface treatment

T-3 Bituminous Stabilized Section

2800 gallons T-3 ' at § 0.18 $  608.00
29 tons gilt | cat  2.75 - 79,75
6 stations menipulation | at 45,00 270,00
Tobal cost of section ‘ $ . 957.75

Cost per square yerd = §$957.75 - 1487 = 85-1/44

No surface trestment

AE-7 Bituminous Stebilized Section

& 71,238 gallons AR-7 at § 0,32 $ 8,548.56
1 . 575 toms sl ab 2,75 1,025.75
: 81.88 stabtlon manipulation - at 45.00 $.684.80

Total cost of processing surface $ 13,258,91

j Cost per square yapd = $13,258.91 - 20,015 = 68-1/4¢

Surface trestment cost
20,015 x 14.74 = o 5,961.22

Tobal cost of section $ 17,220,158
Tobal per sguare yard = 66.24 = 14.74 = 8l¢
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Surface Treatment

6,437 gallons T-3
14,302 galloas 1-8

453,1 tons 284

228,86 tons 324

400 gallong AF-2

Tobal cost resurfacing

at § 0,18
at 6»15
abt  4.00
at  4.00
at 0.2

Cost per squave yard $5,974.02 - 40,524 = 14-5/4¢

sonshruction.

- OF -

1,029.92

2,145,530

1,836.40
914,40

48,00

5,974.02

It is interesting to note from the study of the ceast data above that
the botal cost per square yard of amy of the four types of stebllized sur-

face including surface treatment would approzimate the cost of oil aggregate




Condition Survey
December 5, 194%

On December 5th, the stabilized sand project at Grayling was inspected
as to its servies behavior. The entire cement and asphalt sections have

been seal coated with the former showing a good gurface with few irregulari-

ties, The emmleion sscbion shows up the traffic rubs wherever they were
locatad originally‘in +the gurface of the hase course, Had it been gealed
prior to the development of these ruts, the riding qualiiies would hawve bsen

sabisfactory.

The ter stabilizatlon was & complete failure and is being reworked and
patched by the Mzintenance Division.
- The stabilized area using RC=2 1g too rough for a satisfactory mebthod

'FQ of law cost stabiliz&tion and there are indicatlons that failures may dg-

o

velop. It seems that this section will require reworking of the surface
when weabther permits with a slower breaking asphalt to permit a satisfactory

surface finish,

The MC-2 stabiiized sand hag all the indications of being an accep'tlable
bage treatment or séal coating.

Summarizing ‘Ehe entire project the inspection shows that cement, MC-2 or
asphalt emalsion to be adsqﬁa‘he for stabilizing sand from a service behavlior
at this eariy date.

Condition Survey
April 28, 1942
A visusl examination was made of the Grayling project in April 1942,, six

wonths after complétion of the project. The survey was made by F.R. Olmstead

e

and B, A, Finney. The resulbs of the examination are as follows:
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Asphalt Fmulsion Seebion, AR-7, station 0400 to 80400

In spite of adverse weather condlblonsg during eonstrﬁction, the base
segmed.to be in very good condibtion with the excepbion of a few rough spobs
in definite areas, The most serious conditiaﬁ at the pregent time 1s the
progressive gtripping of the surface ﬁreatmenﬁ from the baze course. It is
apparent that the first stripping sterted whers the surface material was
picked up in spets by the tirss of passing trucks. This is clearly illus-
trated in figure 28. A c¢lose examination reveals a-definite lack of bond
between the surface treabment and the base. It seems that the surface
treatment was applied to the base when the base was wet. - Such a condition
ie néﬁ conducive to good bondiag characterishics between surface and base
course,

Forther maintenaﬂce on this section will be required this sumﬁer to

recondition the swriace,

. Tar Section, T-3, station 80+00 to 86400

The tar section 1s the poorest surface of the enbtire project. The base
in general is soft, lacking stability and consequently has rutted badly. FEx-
tensive patching operstions have been nécessary‘tc preser%e_the existing sur-
face and insure safe travel. See figure 30. The surface has started to ox-
idize badly. A physical examination of the maberial in the surface is nec-

esgary to disclose reasons for existent conditions.

Cut_Back Asphait Seetion, RE=2, station 86+00 Lo 185400

Extensive rougﬁness and patching was observed in two locations of this

secbion. The mizbure itself appeared t¢ be very hard. Rubting and patehing
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Figure 28. Ueneral view AE-7 section with surface treat-
ment. Note stripping of surface from base.

Figure 29. Close view of AE-7 surface and stripped area.




Figure 30. General view of tar section patched throughout
- length.

@“‘@ Flgure 31. Close view of tar surface.
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was noted between shations 86400 and 97+00. The area bebween 97+00 and 141400
appearad to be iq good condition with but slight rutting in gpots. The condi-
tion of the surface is illustiated in figures 32 and 33,
From'stétion 141+GO to 163 the surfaéerwas very rough and jwas apparently
patched by the econbractor last fall. Patehing by the coﬁtractor would imdi-
eate an attempt to rectifly the reéults §f poor Wofkmanship du:ing thiz part of
| the seetion. Suck operations should n§t have been ﬁermittedw Thig particular
sectlion has been repatched by the MaintenaﬁCe Bivisien. Sﬁrface ilIugtrated

in figures 34 and 35.

Medinm Ouring Asphalt Seetion, MC-2, station 183 to 246.

In general, the section construeted with MC-2 asphaliie material veries
considerably in its condibion and appearaunce. The surfaée between stabion 163
£o 187450 sesmed to be in very good condition wibth slight rubting in spobs.

The area bétween station 187450 to 203 425 was rubted to the -exctent bhat
patching'was.necessafy. See figures 36 and 37. | |

The area between gtétienl205+25.td.21?+59 appeared to be in good condition
with the excéption of:ﬁne spot bétweenWStation_zﬂ?»zozc Thisz ares contained
longitudingal! eracking as i1lugtrated in figure 38, anﬁevidence of mat dig-
placement under loadéa_ | |

The area beﬁween étation.élk+5ﬁ and 242 wés in fair condition, smooth and
had good ridiag qualitiés;- The surfage is iliustrated in figures 39 and 40.

The section bebween étatioﬁ 242 and 246 constitutes the first arsa of
sand-bituminous staebilization pérforméd by the eontractcf, Naturally, since
this type of work was new o everfoné, & ecertain amount of trouble should be

expected from the first days run. The surface ig, in general, fairly smooth
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Figure 32.

General view of RC-2 section, station 119+00.

Figure 33.

Close view of RC-2 surface
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Figure 34. General view RC-2 section, station 144-163.
Light areas at right is old patch by contractor.

Figure 35. Clogse view of surface,
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however it is weak strueturally bescause longitudinal cracking is in evidancp

and rutting has‘sﬁarted, See figmres 41, 42 and 43,

Soil-Cemaent Sectlon, statlon 246 to 329

The 5011ucﬁment sectlon wag surface treated goon after congbruction, con-

‘sequently the whole section appeared to have weathered the first winter in ex~

eellent shape. The ridiﬁg gualities of the surface are good and the surface
treatment éeems to have bonded pgrfeétly-with the soil-cement base. BSee fig-

vres 44 and 45.

General Remarks

When ﬁhe project was éat up itgﬁas undérstood that ﬁhe Mainbenance Divi-
sion would agsume the responsibility'oi sbabilizing the shoulders after comple-
tion of the stabilized surface by the coniractor. At the time of the conditiom
survey, this operation had not been done and consequently a very potenbial |
traffic ﬁééard exists on the projsct. The line af'deﬁargation be%ween surface
and shoulder is not clearly éefined.l.The shouldef material_is so ungtable
theb two wheels of a cer ombo bhe shaulder‘ié sufficient esuse to produce
shalling of fhe veﬁiclé or eveg.mﬁreise:ipﬁs eq@;equences under proper cir-

cunshances.
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Figure 42. UGeneral view MU-2 section, station 246. Surface
poor, rutting.

éﬁ;

|
: |
S Figure 43. MC-2 section, station 246. Note longitudinal
WAL :
; cracking.
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Figure 44. General view, soll cement section surface
. treated limestone chips.

s ;'& ,?g ;ﬁﬂ'c}?‘}‘ {;"@j’{
s f}t"‘ ji Y

>
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el ! 3, s

b W Figure 45. Close view of soill-cement surface.
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General Summery and Cenélusions

The parpose of the Grayling project was to sbudy the feasibility of
stabilizing a natural sand soil ﬁith different types of binders. From the
standpoint of soil-gtabilization practiee, it has been definitely proven
that sand solls are adaptable Lo stabilization provided adequate fines are
added té produce s mechanically stable material prior to adding the binder.

From the regults of the study so far 1t 1s apparent that Portland cement
ig a very satlsfactory binder for sand solls. Of the bituminous sections,
the one containing MO-2 is apparently the best. The asphalt emilsion section
was in poor shape before application of surface treatment. The RC-2 material
is too rapid a curing material for road mix work. Under plant mix eperations
it mey be ideal. Although the tar sectien turned out to be the pderest BUT—~
face ef the entire pr&jest, tar as a binder should not be condemmed as & mat-
erlal for stabilization work. It is bellewed that very‘gocﬁ results ean be
obtained from any one of the followlng types of binders, asphalt smilsion,
liquid apsphelbs and tars, previded that the proper grade and quantity of bin-
der is used, that sufflecient and proper construction operations are performed
end that the elimetic conditions are suitable to the particular type of bit-
uminous binder used. Further laboratory stulles ars necessary to substantiate
these facts.

The poselbility ef using oil-aggregate plant equipment should be consider-
ed for producing a bituminouns stabllized base course. Plant mix methods fer

this type of work ghould be as economical as gravel base stabilizatien.
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The cost per sgumare yard of processed surface for each of the four sec-
tions is within the range of o0il aggregate constractian'costs.

There is a tendency on the part of the contractor to atlempt to process
mope road area per day than hig organization and equipment are capable of
doing efficiently. Consequently, the work drags on into the night and the
various processing cpefations ére usually not carried out teo completion.
This practice 1ls responsible to a great degree for tﬁé present conditlon ef
the various soll-cement surfaces. This‘practiee should be definitely eontrolied
by some proper method.

It was noted that the contractor on the Stockbridge project, as well as
on the Grayling project droeve heavy equipment on the soil-cement sufface the
day after construction. On the Grayling project, the contractor drove his
water truck and power grader ovér the surface and the weight of the equip-
ment ecaused slight rubtbting of the surface. When the rutbing of the surface
was noted, the contractor was notified to remove his egquipment from the wn-
curéd surface, It is recommended that no traffic be permitted on & goil
cement surface prior to completion of the curing period.

Thrdughoutithe project, the edge of the processed purface was pergisi-
ently soft and diffiewlt to compact. This was abiributed to the lack of
support to the processed sand by the unstabilized shoulder material, Te
overcome this sibuation, it is suggested that the enbire roadway from the
outside shoulder edge to the oubside shoulder edge be mechanically stabil-
ized with fineg before procegsing the traveled readway.

Tt was observed that the use of a steel float immediately behind and

attached to the mmeummatic roller produced the best surface.
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The gquantity of fines in the mixture wefe kept to & minimwm consistent
with adequate stability of the surface and for workmenship. However,  the
mechanical stability of the unprocessed maferial was not suffieient to support:
the construeflon equipment to the point where meximum efficiency in operation
could be obtained, Therefore considerable delay and trouble was encounbered
in applying the water and bibtuninous binders. It is believed that sufficient
fines should be incorporated intc the sand tq’provide mechanieal gtability
capsble of supporting the processing equipment at least during the early
gtages of the work.

It was planned to meke a physieal survey of the various gbabilized areas
to obbaln samples for laboratory analysis for the purpose of correlating de—
sign and consbruction practices with the present cendition §f the road surface.
This survey and laboratory work should be done thisrsummer before the surface
is sealsd.

JThe unsealed portion of the bituminous section should not he surfaced
treated until late this svmuer, This'elapée of time should allow the base
to become thoroughly cﬁied with the pogsibility ithat by proper menipulation
the surface may 56 restored to somewhat its original condition withoui excess
maintenanee. Thereupen it will be in beiter condition to receive the surface
ﬁreatmento

It was suggested to the Consbruction Division in September 1941 that the
sand ghoulders should be stebilized &5 soon as possible with clay or other
sultable material in order to eliminate a potential traffic hezerd. At the

time of the spring inspection in April 1942, the work had nol been dome.
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PART IV

APPENPIX

The appendix contains copies of
the specifications which were used On
the Grayling project, special corres-
pondence concerning the surface treai-
ment for the soil-cement and asphalt

emulsion surfaces and the biblliography.

= 110 =




SUPPLEMENTAL SPECIFICATION
FOR
SAND-BITUMINOUS SURFACE ROAD MIX

1.00 Generalg

Thia work shell congist of a surface course composed of bituminous binder
and sand, mixed in place on the proposed grade in accordance with these speci-
fications and in conformity with the lines, grade, compacted thicknsgs and ity-
pical cross—-gection and location of each type of bituminous material shown on
. the plans, er as directed by the Engineer.

1.01 Compogition of Mixbures The coastituents of the surface course shall
be combined in such proportions that, after complete mixing, the resultant mix-
ture shall be homogeneous and all particles coated with bitumlﬁous meterial.
The exact quantity of bituminous meterisl shall be determined by the Engineer
during the operations of applying and mixing and will depend on the character
and grading of the aggregate material.  The quantity of bituminons meterial shall
be approximately three-tenths {0.3) o four-tenths (0.4) gallom ver square yard
per-inch of compacted depth for far; sixty-five hundredths (0.85) to sevenby-
five mndredths (0.75) galleﬂ per square yard per inech of compacted depth fox
eut-back asphalt; and six-tenbha (0.8) to seven—benths {0.7) gellon per square
yard per inch of compacted depth for emulsified asphalta The propertions shall.
ba varied, ag directed by the Englneer. _ '

IT MATFRIALS

The materials to be furnished and used, excepting those specified herein
shall be thege prescribed under the seversl items invelved.

2,90 Bituminous Materialss

{e) Tar used for the mixing course shall conform to Michigan State Highway
Department 1940 speeifieation, T-8.

(b) Cub-back asphelt for the mixing course shall conform to the Michigan
State Highway Department 1940 Specification, Asphaltic Oil, MC-2.

(c) Pmulsified Asphalt AE-7. This meterial shell meet the requirements
of 1940 Michigan State Highway Specifieation with the residue from
evaporation or distillation test penetration (25 degrees, 100 g.;

5 sec) between 190-290.

In the prellminary laboratory tests and in the construction of the sand-
bituminons surfece road mix where Emmalsified Asphali is speeified, the Emulsi-
fied Asphalt shall mix readily with the sand without separation, coagulation,
bresking down or foriing lumps of asphali. After mixing with sand it shall
dry uwniformly and rapidly without showing any tendency toward forming a sgkin
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‘on the surface and the asphalt ghall remain uniformly dispersed throughout the

sand. The Fmulsified Asphalt shall be homogeneous emulsion of asphaelt and sl-
keline water, manufactured and stabilized with a totsl of not more than 1-1/2%
of em)sifyling and staebillzing agents. It shall be miscible with pure water
in all proportions and shall show no separation of asphalt after thorough mix-
ing, within thirty (30) days after delivery, provided separation has not been
caused by freesing.

2.01 Wineral Filler: Mineral Filler shall meet the Michigan State Highway De-
partment 1940 Specification for Mineral Fillers 3-WF,

2,02 Water: Water shall meetb Mibhigan State Highway Department 1940 Speclflca-
tion ag described under 4.14.92 {b).

2,08 Aggregates The proposed surface material shall be sand, or a mixture of
sand, gravel and mineral filler, in the proper proportions to form & dense mix-
ture.

ITL CONSTRUCTION METHODS

E.00 Eguigggnt:

A1l eguipment necessary for the proper cbnstruﬂtion of this work shall be
en the project, in first-cless condition, and shall have been approved by the
Enginesr before eonstruction will be permitied to begin,

3.01L Fauimment Becuirements:s The folleowing equipment shall be requlred for
the construchtion 6f a Band Bituminous Road Mix:

One bituminous pressure distribubor - equipped with heating device

One water pressure distributor.

Not less than one rubber tired patrol with a twelve {12) foot blade and
one rubber tired patrdl grader with a tenm (10) foot blade. The number
of graders shall be governed by the number of wniis of other equipment
in use. ,

Three disc herrows - twenty-two (22) inch dise of an approved type for
proper mizing.

One 3-furrcw gang plow — fourteen {14) inch boitoms, capable of plowing
to a depth of ten (10) inches.

One 3~-gection gpring tooth harrow with alfalfz teeths

Suffielent rubber tired tractors of the proper size and horse power to
handle the equipment used.

One sheepls-fool roller with ground preasure 50 to 100 pounds per square
inch of tamper area, having tamping feet of 10 io 12 sguare inch area,

One pneumatic tire roller.

One five (5) ton.tandem roller with provisiong to ballast to eight (8)
tonsga.

in approved heater for hesting the blade of the grader.

One retread mixing machine of an approved type (optiomal).
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<02 Trimmlng and Finishing Warth Grede: This work shall be done according to
gtandard specification 2.13. Any additiomal soil or mineral filler needed shall
be placed as the Engineer may direct and any unsuitable soll or material, in-
cluding material retained on a 2-1/27 screen shall be removed by reking and re-
placed with materizl acceptable to the Englneer,

Pulverizing: The subgrade shall be scarified and pulverized wntil 80% of
the soll pusses a No. 4 sieve, The materials shall be mixed at the meisture
content specified by the Engineer for a sufficient depth and widith to give the
comnpacted cross section as shown on the plans. After completion of the mixing
operation, the subgrade shell be dragged with & spring tooth harrow, and all
rocts and foreigm metier shall be removed.  The subgrade material shall be
shaped with a patrol grader havipg a twelve (12} foot blade until & uniformity
of line and grade has been obtained to the satisfactien of the Engineer.

5,08 Applicetion of Water: When required, in order to assist in the mixing of
the bituminous meterial and geil, the goil shall contain neot less than approxi-
mately the optimum moisture combtent at the time of mixming. If suffieient
moigture is not present in the soil, water shall be added by means of an app-
roved presgure distributor and applied in such gquantities and st such a rete

as directed by the Engineer. The approximate moisture content, based on the
oven-dry welght of the compacted mixture, required in the bituminous sand-miz-
ture at the time of compachbien are given bhelow.

: Approx.dry wh. | Approxemoisﬁure‘ Estimated moién Approximate

Statien of compacted mix | content regfd in |ture of air water per

Prom To | wh./ctbic foob compacted mix,% |dry mix, % gyd, gals.
o 117 . 117 9.0 0.4 Boid
117 1z2 128 9,0 - 0.8 .4
122 184 - 117 9.0 0.4 5.2
184 248 117 ' 9.0 0.4 5.2

3.04 Avplying Bituminous NMaterdsl: After the subgrade has been shaped to the

: satisfaction of the Engimeer, bituminous materisl shall be applied uniformly

H over the road materisl by wesns of an approved mechanical pressure distributor
equipped with spray bars capsble of spraylng the bitumineus materiel uwmifermly
over the entire width of the proposed surface, When applying ter, the tempera-
ture shall be not less than 90°F and should heating be necessary for proper dis-
tribution, the mzterisl shall be heated to not more than 150°F,

. Wo bituminous mmterisl shall be applied when the air temperature is less
than B0°F in the shade or when, in the opinion of the Engineer, the weather con-
dition or the condition of the subgrede iz unsuitable. Fach spplicetion sghall
' P)*Mf consist of thirty-five hundredths {0.33) gallon per squere yard, or as directed
7 i/ by the Engineer.
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3,05 Manipulation: Mixing shall be done with an approved type disc harrow with
a twenty-two (22) inch dise, B-furrow gang plow and grader with twelve (12)
foot blade. After each application of bituminoug material, continuous mixing
with harrow shall follow. After approximetely the specifled amount of bitumin-
oug meterial per square yard has been.applied it shall be continuousgly mixed
with harrows for a depth of approximately two (2) inches, mixing with harrews
over the entire widbth of the pavement shall be contimied until a wniform die-
tribution of bituminous materisl is obtailned through the two {2) inch treated
depths The two (2) inch treated depth then shall be windrowed with & twelve
(12) foot blade, from center to oubtsgide of edges of road gurface. After wind-
rewing applicatien of bituminous materiel to the wtreated subgrade shall be
continued in the game manner until the full depth required for the compacted
gurface shown on the plans with the required optimum moistwre content and rich-
negs hag been obtained. This precedure shall be folleowed for mixing wnless
otherwise directed by the Englneer.

Material that has been windrowed cutside of edges shall then be pulled in
and spread with the twslve {12) foot blade to 2 wmiform surface. After material
has been spread the entire surface shall be plowed to its full depth. ’

After plowing, appli@atien of bituminous materisl ghall continue as speci-
fied in paragraphs 3.C4 and 3.65, wntil the proper bitumen content has been ob-
tained or as directed by the Engineer.

After s sufficient quantity of bituminous material has been applied, the
mixing for the entire width and depth shall be comtinued to the satisfaction
of the Engineesr. .
7,08 Provision for Drainsre of Base and Subsrade: During construction adequate
provision shall be taken to drain all surface water from the base and sﬁbgradea
Thig ghall be aceomplished by lateral diitches through the shoulders of the road,
or by other equally satisfaclory methods. The drsins shall be loeated as dir-
ected by the Engineer at s8ll points necessary to provide proper drainage. Dur-
ing final compaction of the steblilized base course, the drains shsll be filled
and thoroughly compected te the elevation of the sheulders.

2,07 PPeparing Wixbure for Compactions Prier to compaction, the soil mixture
shall be tested for moisture content and the moisture adjusted to the speeified -
aaan.fan;n.'i“t;‘9 ag directed by the Engineer. This may be accomplished elther by mixing
in additionsl water or by menipulating the mixture wntil excess moisbure has
evaporated, whichever is required.

2.08 Comps and ing: After mixing beg been completed, the surface shall
be leveled with the twelve {12} foot blade grader to line, grade and cross-—sec—
tlen, as shown on the plans for finlshed pavement. The soil mixbure ghall be
thoroughly compacted by means of a sheeps-feol roller, startlng cempaction at
the bottom and working toward the top wnitil the entire depth is uniformly com~
pacted to the greatest density practicable. During compaction, the mixbture
shall be disced and bladed to insure uniform cempacticn. After compaction to
approximately half the depth, the dise harrows shall be removed and bhe mixture
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leveled and brought te proper cross-sectlon by means of a pneumatic-tire patrol
grader. Compaction shall continue to refussl, as determined by the Engineer.
When the sheeps-foot roller will nol compact to the surface, the upper twe (2)
inches of the bage eourse shall be loosened; shaped to the proper cross-section
and compacted with an approved pneumaticﬁtire roller,

9 ing a ) g: After the pavement has set to the satisfaction of
the Englneer, it shell be rolled with a ppneumatie tiré-roller., Rolling shall
be done. Iongitudinally, beginning ab the edges and proceeding toward the center,
After proper getiing of the mixture, final rolling shall be done with a five

: (5} ten teundem roller, equipped with scrapers and water pads on the wheels to

: prevent picking up of the material. Relling shall be done lengitudinally wmtil
. a uniform compaction and smootimess has been obtalned, and all tractor and
other marks are eliminated,

2,10 Tegbing Surface with Streieht Bdee: The surface shall then be checked with
e ter: (10) foot straight edge laid parallel to the cenber line, and any varia-
tions greater than one-fourth (1/4) inch shall be corrected either by addition-
al rolling, by removing material from the pavemeni and replacing with properly
prepared mixture and compacting to a density and uniformity to eonform with
the surrounding area, or by the addition of & properly prepsred mixture, to

the gearified surface and compacting to a deneity and uniformity to conform
with the surrounding area. »Any corrective operstions shall be made &t the ax-
pense of the Contractor. The method to be used ghall be ag directed by the
Enginesy, '

3,11 Measurement of Thicknessg Dwring various stages of comstruction, test
holes or ffenches shall be dug by the Contractor as directed by'therEngineer, in
the mizbture to determine the thieckness, After the bituminous resd mix is
completed, test holes or cross-gectional trenches sghall be dug at intervals of
not more then five mmdred (500) feet, or at closer intervals if necessary.

The average thickmess of the surface w111 be determived from messurements mede
on these test holes or trenches and shall be within one-half (1/2) inch of the
thickness shown on the plans except that the thickness at any one place may be
: within three-guarters (3/4) of an inch of that shown on the plans for surface

] constructed in one day. When the surface fails to meet the thickness limits
the area to be ecorrected sghall be correclted elther by additionsl relling, by
removing materizl from the pavement and replacing with properly prepared miz-
ture and conpacting to a densgity and unifermity to conferm %o the surrounding

\ area, or by the eddition of a properly prepared mixture to the scerified sur-
face and compacting to a density and uniformity te conform with the surround-
ing area., Any correchtive operations ghall be made at the expense of the Con-
tractor. The method to be used. zhall be as directed by the Engineer. After
rolling hes been completed, the edges of the surface shall be cut to true line;,
and the shoulders and slopes dressed to the cress—sections shown on the plans,
or ag directed by the Engineer.

5,12 Protection of Pevement: After the pavement has been completed, traffie
R shall not be sallowed to use same wntil the pavement has set hard encugh te
Wt eliminate rutting end cracking. ~
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Opening of pavement te traffic shall be as directed by the Engineer,
Sufficient waterproof paper or other mats spproved by the Engineer should be
on hend to proteect the entire gurface of the mixture following the placing
of the bituminous materlal and prier to completion of the final compaction
operatlen agalnst the entrance of water into the mixbture due to rain.

Any Pinished porition of the roadway adjacent o construction which is
traveled by equipment used in counstructing an adjoining seetion shall be con-
tinvously covered with building paper or equivalent and at least six (8) inches
of earth or equivalent for area necessary during successive operations to pre-
vent eghipment from marrving the surface of the completed work.

Limitations: Bituminous materisl shall be applied only to
such an area that all the eoperations specified in paragraphs 3.04;, 3.05, 3.07,
2,08 and 3,09 can be continuous and complebed within the working day.

IV METHOD OF NEASUREMENT

4,00 Trimming and Finiching Eerth Grade:

Trimming and finishing earth grade will be measured in stations along the
centerline.

4,01 Menipulstions will be measured by statlons along center line of Sand-Bitu-
minous Surfsce Road Mix. No allowence will be made for any work done outaide
of the lines established by the Engineer. The average thickmess of the surface
congtructed during one day shall nobt be less than 90% or more than 110% of the
thickness shown on the plans.

4,02 Bituminous Materisls: will be meagured by volume in gallons at a tempera-
ture of 80°F, TVolume corrscbions will be made ag gpecifisd under Non-Skid Sur-
face Treatment 4.08.05. :

4,935 Mineral Filler: will be measured by weight in tons.

- 4,04 Waters will be meagured in 1000 gallon units.

V_BASIS OF PAYMENT

5.00 Trimming and Finishing Tarth Grade:

Trimming and finmishing earth grade will be paid for at bhe econtract unit
price per stabion within the limits as provided on the plans or by aubhorization.

5,0 Manipulation: will be paid for at the combtract unit price per station whidh
price will inelude pulverizing and mizing before and after the application of
bituminous meterial, shaping and compacting and final finishing and rolliang and

‘'all other items ca?e*ed by these specificatlons not covered by contract wait

prices., In addition, such price and payment shall be full compensation for all
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equipment, tools, labor and incidentals necessary e complete all work deg-
cribed under the specifieation, excluding the bituminous material and mineral
filler and the application of same. The completion of shoulders to the lines
and grades showm on the plans will be comsidered part of this item.

5,02 Bituminous Materisls far Mixtuggi.will be paid for at the conbract unit
price per gallon which price shall bs payment in full for furnishing, heating,
kavling and applying. No incresge in uwnit psyment will be made for increased
gr decreased quanbibiss of bitumincus materials,

5,03 Mineral Fillers will be paid for at the contract mnit price per tom which

price ghall be payment in full for furnishing, hauwling and applying the mineral
filler. No izorease in wnit payment will be made for inereased or decressed
quantitiss of mineral filler..

5.04 Water: will bz paid for at the conbract unit price per 1000 gallons, which

price shall be payment in full for furnishing, hauling and applying water.

Yo increase in unit payment will be made for increased or degreassd quanw
tities of waber,

SUPPLEMENTAL SPECIFICATIONS
For
SOIL-OEVENT SURFACE

1,01 Descrivtion: This item shall consist of a surface composed of a combina-

tion of soil and Portland cement uniformly mixed, moisbensd and compacted in
sccordance with these specificabions, and shaped to conform to the lines,
grades, thickness and typical cross-—section shown on the plans. In general,
congtruction shall proceed as follows:

(2) The soil im the subgrade shall be pulverized for the necessary depth
and the full widbh to be treabed with cemsnt.

{6} Portlond cement shall be uniformly spread and mixed with palverized
soil. -

{e) TWater shall bs added as needed with a pressure distributor and shall
be wiforuly incorporated im the mixbure in the amounts required to
attain the optimum molgture content speclified by the Engineer for
the soll-cement mixture.

(d) The mixbure shall be compscbed wmiformly with sheeps-foot rollers in
one conbinuous operation. The mixture shall be compacted at the op-
timm moishure conbent and Lo the density specified by the Englineer.

{e) After compaction iz completed with the sheeps-foot rollers, the sur-
face shall be shaped, waber added as needed and further compaebed
and finizhed with a smooth?wheeled roller gupplemented with a multiple
wheel pheumatie~tire voller or its equivalent.
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The equipment used shall be in suitable operating condibion and approved
by the Engineer. Equipment not satisfactory to the Engineer shall be removéd
and sabisfactory equipment supplied,

1.02 Materials: The materials %o be furnished and uged, sxcepbing those speeci-
fied herein shall be these prescribed under the several items involved.

(a) Portland Cememt: Portland cement shall be in accordance with 4.14.02
of the Standard Specifications.

Contractors, at thelr option, may use bulk cement, provided the appa~
ratus for handling, weighing and spreading the cement 1s approved by
the Engineer in writing.

(b} Waber: The water used in the construction of this surface shall be in
accordance with 4.14.02 of the Standard Specifications.

{2) Soil: The soil for this surface ghall consist of the natural material
in the roadway or selscted soil and mineral filler which shall be app-
roved by the Engineer.

{4} Miperal Filler shall meebt the Michigan State Highwmey Department 1940
Specification for Mineral Filler 3-MF,

1.0% Consbruction Mebhodsas

(4) Equipment

All equipment used in this work shall be of sufficient size and in guch
mechanical eonditien as o meet ths reguirsments and to preduce work of sabis-
fackory quality. The design and construstion of all equipment shall be approved
by the Engineer before the work is started. - , :

1. Road mix equipmenl - Blade machines shall be self-pmwered, shall
have pneumatie tires and shall be of approved design, so construchbed
and maintsined that they will properly spread and finigh the soll
cement mixture. Gang plows, multiple diec harrows and rotary tillers
shall be so censtructed as to prevent any cutiing of the subzrade
during mixing operations.

(B) Congtruction Procedure

{a) Provisions for Traffic - The Contractor shall perform the work covered
by thege specifications while the sections involved are closed to traffic, foll-
owing the distribution of the cement on the soils through the seven (7) day cur~
ing period of the complebed surface. '

{b) Trimning and Finishing Barth Grade: This work shall be done according
to Standard Specification 2,13, Any additional soil or mineral filler needed
shall be placed as the Engineer may-direct and any unsuitable seil or material
including material retzined on a.2e1/2“ screen shall be removed by rsking and
replaced with material aecceptable to the Engineer.
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{¢) Pulverizing - Prior to the application of cement, the soil to be
treated shall be scarified and pulverized for sufficieat width and depth to
give the compacted cross-sectiom shown on the plans. Pulverizing shall con~
tinue wntil eighty (80) vercent of the soil, by dry weight (exclusive of gravel
or stone retained on a No. 4 sisve) shall pass & No. 4 sieve, and the soil sball
be menipulated wntil the percentage of moisbure in the soil does not exceed by
more than two (2) the percentage of moisture specified by the Engineer for the
soil-cement mixture before compaction. The length of subgrade secarified and
pulverized at any time shall not exceed the length which can be completed in
accordance with this specifieation in two (2) working deys except by permission
of the Engineser.

{d) Application of Cement -~ The pulverized soil shall be shaped to the
approximate cross-section shown on the plans and the specified quentity of

Portland cement requlred for the full depth of treatment shall be uniformly

spread over the surface in one operation in a mamner satisfactory to ths Engineer.
Portland cement shall be applied at the rate of 0.09 barréls per square yapd of
completed surface fiwe (5) inches thieck. However, the Engineer mey direct that
the rate of applicabion be decreased to not less than 0.07 barrvels or lnoreased
to net more than 0.1l barrels per square yard of complebed surface five (5)

inches thick, Wo eguipment except that wsed In spreading or mixing shall be
allowed to pass over the freshly spread cement until it is mixed with the soil

a8 specified wnder Maunipulation.

{e} Manipwlation — L. Road Mix Method — Immedistely after the cement has
been digtributed 1t shall be mixed wlth the looge seil for the specified full
depth of treatment. Cavre must be exercised that no cement 1s mixed belew the
desired depth. Mixing may be accomplished with gang plows, disec harrows, ro-
tary tillers or other implements approved by the Engineer and shall be eontinued
for as long a period of time and repeated as often as may be necessary to insure
a thorough, uniform and intimate mix of the soll and cement and until the result-
ing mixture ig homogensoug and uniform in appesrance. The mixbure shall then
again bhe shaped to the lines and grades shown on the plans, The soll-cement
mixbure shall not remain undisturbed between the mixing and cempaction operations
for more than thirty (30) micutes.

{f) Application of Water - Immediately afier wixing of soil znd cement is
complete, the moisbure content of the seil-cement mixbure ghall be determined
by the Engineer and, if required, water shall be uniformly applied in such
guentities and at such a rate as directed by the Enginser. The appreoximate
amount of water required, baged on the oven-dry welght of the compacted mixture,
required to comatruct the surface will be appreximate 7.2 gallons per syd. from
shation 246 to 292 and 6.8 gallons per syd. from station 292 to 329. This in-
cludes 2 gallons per square yard for protection and 10% for evaporation. No
change in the eontract unit price will be considered becauge of variation in
the amount of waber used. A water supply and pressure-disgtributing equipment
shall be provided which will permit the eontiauous applieation of all water
required on the section of roadway being processed within three (3) hours.

Tach application or increment of waler shall be partially incorporated by gang
plows, dis¢ harrows, rotary tillers or obher implements approved by the Engin-
eer S0 as to avoid concentration of water near the surface, After the last

- 119 -




inerement of water hes been added, mixing shall be continued by using gang plows,
disc harrows, robary tillers or eth_r implements approved by the Enginser. This
equlpment shall be of sufficient gize and capacify to distribubte the moisbure
miformly throughout the full depth of the mixbure distribubion in ome (1) op-
eration, Particular care shall be eXsrcised o insure satisfactory moisture
distribution along the edges of the section. When water spreading and mixing

ig completed, the percentage of moisture in the mixbture, on a bagis of dvy welght
shall not vary from the specified oplimum percentage of moisture of the mixture
by more than one-tenth {1/10) of the opbimum percentage of mixture. This speci-
fied optimum molsbture shall be that prevalling in the molst soil-cement at the
time of compaction and will be determined in the field by a molsture density
test {A.S.T.M. Designation D 558-40 T) on representative samples of goil-cement
mizbure obtained from the roadway toward the concluslon of the mixing operations.

{g) Compaction - Prior to the beginning of compaction, and as a contiaua-
tion of mixing operations, the mixture ghall be theroughly loosened for its full
depth and then shall be unifornly compacted with a sheeps-foobt roller. Compac-
tion shall begin at the bobtom and shall contimue wntil the entire depth of
soil~cement mixture is uniformly compachbed to the density speecified by the
Engineer. The approximate density (or densities) as based on the oven-dvy
welght of compacted mixbure, required in the surface iz from 120 to 133 pounds
per cubie fool. The dengilty, based on the oven~dry weight of the eompached
mixture, specified for the completed roadway by the Enainmer during eonsbruction
will be determined by a moisture~density test (A.8. memg Designation D 558-40 T),

shall be that prevailiag in the moist soil-gement at the time of compaction
and gha2ll be run in the field on representative samples of goil-cement mixburs
obtained from the roadway toward the cenclusion of the meist mixing eperations@

The sheeps-foobt rollers used for compaction shall have tamping feet of tem
{10} te twelve (12) square inch area and eapable of applying fifty (50} to one
mmndred {100} pounds per square inch. The unlt weights shall be compubed by
considering the entire weight of the reller belng ecarried by one transverse row
of feet. The rate of operation and numbewr of rollers ghall be sufficlent to
compact uniformly the section of roadway being processed for the specified
width and depth within two {2) hours.

ifter the mixbure is compacted, the surface of the treated roadway shall
be reshaped to the required lines, grades and cross—sections and then shall be
lightly scarified to leoosen any lmprints left by the compachbing or shaping eq-
uipment, until a surface muleh of not more than one (1)} inch in thickmess is
obtained that contains the specified optimum molsture. The resuliing surface
then shall be thoroughly rolled with pnewmatic—tire rollers of the size speci-
fied by the Engineer and smoobth-wheel $andem rollers having a gross welght of
five (8) tons with provision to ballast to eight (8) tons. When directed by
the Engineer, surface finishing methods may be varied from this procedure pre-
vided a dense uniform surface, free of gurface compaction planeg, is produced.
The molsture content of the surface meterial must be maintained at its speeified
optimun during all finishing operations. The surface compaction and finishing
Q@k3 shall be done in such a manner a& to produce in nobt over two (2) hours a smooth

T
e
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clogely knit surface free of cracks, ridges or loose material conforming to the
crown grade and line shown on the plans. A bulkhead shall be placed at the end
of each day's work.

(k) Protection and Cover - Sufficient waterproof paper or other mets app-
roved by the Engineer shall be on hand to probeet the entire surfacs of the mix-
ture following the placing of the cement and prior to complstion of the final
compaction cperabion against the entrance of waler Into the mixbure due to rain,

4t any time when there is freeszing temperature and in all cases after
October 1, there shall be available a sufficlent amount of clean, dry straw or
hay to cover at least 2500 lineal feet of pavement and as much more as may be
necegsary for protection aeccording te these specifieations.

When the bempeveturs falls below 40°F et any time during the first five (5)
days of the curing period the pavement sball be covered with six (6) inches of
loose dry straw which shall remain in place ten (10) days.

After the roadwsy has been finished as specified herein it shall be pro-
tected against rapid drying for a pericd of seven {7) days by applying a two
{2) inch covering of earth or other materials approved by the Engineer, which
will be moistened Initially and subsequently as may be necessary as specified
under 4.14.05 {t) of the Standard Specifications.

Any finished portion of the surface adjacent to eonsbtruction which ig trav-
eled by equipment used in construgting an adfeining section shall be continuously
covered with bullding paper or equlmalent and abt least six (8) inches of earth
or equivalent for area necegsary during successive operations te prewent equip-
ment from marring the surface of the completed work,

{i) Consbruction Limitations - Cement shall be applied only to such an
area that all the operations specified in paragraphs (4) to (g) inclusive, cam
be contimuous and all but final surface finish completed within six (8) hours
after the beginning of water application to the thoroughly mixed soil-cement.
No cement shall be applisd when the percentsge of molsture in the soil In the
subgrade immediztely beneath the pulverized materlal exceeds the optimm mois-
ture content gpecified by the Engineer for that particuler soil or when the
percentage of moisture in the pulverized soll exceeds the opbimam moisture of
the soil-cement mixture by more than two {2) percent. When any of the opera-—

ieng, after the applicatier of cement, are inlerrupted continueously for mere
then thirty (30) minmtes for any reason, or when the uncompacted soll-cement
mixture is webled by rain so thel the average moisture content exceeds the
tolerance given in paragraph (f), the entire section ghall be reconstructed in
sccordance With this specification.

{3) Weather Limitations - During seasons of prabable freezing temperatures;
no cement shall be applied unless the temperature is at least forty {40) degrees
Fahrenhelit in the shade and rising.

+

(k) Opening to Traffic - The Contrector will not be permitted to drive
heavy equipment over completed portions, but pneumetic~tired equipment required
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for constructing adjeining sections mey be permitied after the surface has
hardened sufficiently to prevent the equipment marring the surface, provided
protection and cover specified im paragraph (h) eve not impaired. Completed
portions may be opened to traffic afber the seven (7) day's protection speci-
fied in pevagraph (h), provided the surfeee hag hardened sufficiently to pre-
vent merxring by traffic.

{1} Tolerance in Density and Thickness Z The density of the soil-cement
roadwsy will be deterwmined by the FEngineer after each day's construction. Any
porbion which has a density of five (5) pounds or more below that specified by
the Engineer shall be removed and repleced to meet this specification.

The thickness of the soil-cewment roadway will be determined from measure-
mepls of ecores drilled from the finlished roadway or from thickness messurements
at holes drilled im the finished roadway at Intervale not te exceed 500 feel.
The average thickness of roadwey constructed during ene (1) day shall be within
one-balf (1/2) inch of the thickness shown on the plans, excepb that the thick-
ness at any one place may be within three-quarters (3/4) of en inch of that
shown on the plens. Where the average thickness shown by the measurements made
in one dey's comstruction is not withim the tolevance given above, the Contrae-
tor will be required to recongtruct this day's work at his own expense.

(n) Maintenemce - The Contractor shall be required to maintain at his om
expense the entive roadway within the limite of his contract in good condition
satisfoactory to the Engineer from the $ime he first starts work wnlil such work
shall have been complebted and accepled. MNainbtenance ghall inelude immedisie
repairs of any defects thael mey occur either before or afber the cement is
applied, which work shall be done by the Contractor at his own expense and re-
reated ag ofbten as may be necessary to keep the roadway continucusgly intaet.
Repeirs are to be made in & manmer to insure restoration of s wniform surface
and durebility of the pert repaired. r

1.04 MNethod of Meagurement: Trimming and Finlshing Farth Grede will be meagured
by length along the centerline of the road in stations of ome humdred (100) feet,
between the limlis as provided on the plans er by aubthorization.

Cement will be measured in barvels; to be applied as provided on the plans
or by authorlzation.

¥Wineral Filler will be measured‘by weleht in tons.

TWater will be measured by welume in thousandA(leﬁﬂ)'gaIlmn wunite as provided
on the plsns or by sutherization. , ‘

Manipulation will be measured by length alomng the centerlime of the road
$n statiens of one lumdred (100) feet. :

1,68  Bagis of Pagmﬁnta This work shall be peld for at the comlract wnit prices
for the following items, which prices shall be full payment for fuﬁgishing all
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materisls, equipment, tools, labor and inmcildentals necessary to complete the
work and for cerrying out the maintenance provisionsg In this specification.

If additional gravel, sand or clay is required for preparing the founda-
tien, it will be pald for &t the contract or authorized unit price per cubic
yerd for Farth Excavation, with overhaul allowance.

Cement will be paid for at ‘the contrect wnit price per barrel delivered
on the project. Payment will be made only for cement incorperated inm the work.

Water will be paid for at the contract unit prics per thousand (1000)
gallons and shall be full peyment for providing and spreading on the rosdwsy
the water required to produce the melsture content specified for the soil-cement
mizxture and for wetting the protective cover on the completed gurfece. This
price sghall not inelude zny eoshts Inmcurred in the mixding the water with the
soil-cemsnt. WNo increase in unlt payment will be made for increaged or decreased
guantities of water.

Manipulation will be paid for st the covlract wmilt price per sietion which
-price sghall ke full payment for pulverizing the roadwsy, for bandling, hauling
and spreading cement, mixing the cement with the pulverized soll, mixing the
water with the soil-cement mixbture, compacting the mixture, swrface finishing,
placing proteetive cover on the reoadway, imeluding all coshs of labor, equip-
ment, supplied and all eother items covered by these specifications except for
these items en whieh geparate condraed mnlt prices are required. The comple~
tion of shoulders to the lines and grade shown in the plans will be congidered
nort of this ibem.

Mineral Filler will be paid for at the contract wnit price per ten which
price shall be payment in fuwll for furnishing, bawling, and applying the mineral
filler. WNo increase in unit payment will be made for increased or decressed
guantities of Mimeral Filler.
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. SURFACE TREATWENT PROCEDURE

The follewing is & copy of a letter directed to Mr. H.C. Bacon, District
Enginesr from J.G. Scheaub, Engineer of Gqﬂstracﬁién and Operations, dated
Octoker 17, 1941, concerning the patching of bad areas-and the app;ieation
of a seal coat to the asphalt emuleion sectlon of the project.

"This 1s to advise that it will not be possible to remiz the top inch of
the asphalt ecumlsion experimental section on the above noted project by the
additicn of move asphalt emulsion or by the use of a slow cwring oil. It
would be too late to zet delivery on agphalt emulsion this year. We have
checked with the Trumble Refiring Company at Wesh Branch and fiznd that they
are not operating and they are uncertain when they will be in preduction again.

"The obher recowrse is to patch the ruls snd depressions in this particu-
lar section with some kind of 2 cold pabeh mixbure and then cover it with a
seal coeh. This work would have 4o be eavefnlly done and the holes and de-
pressicns will have to be painted with ap asphall emulsicn ir order that the
vatehing materinl will stick ieo the surface.

"I kove been advised by the contractor, Mr. Wm. Hodgkise, that there iz
somg CP=1l cold patch mixbure in stockplile aboub five miles west of Gaylord.
The emttlsion required for treating the patched areas can preobably be secured
from the CGeneral Paving Compeny who are using emulsion for tack coat on the
Manton resurfacing job.

#Tf a single seal is placed on the eighty-thres stations of the smlsion
section at the rate of 25/100 gallon per square yard, it would require o
1ibtle over £,000 gallons., Mr. Hodgklss has conbected the Lewls Tar Company
who are willing to release one car of T-8 tar, but they will not ship less
than §,000 gallons and thet will probably have to be shipped in an 8,000 gallon
car. .

lue Lo the porcus neture of the exisling emmlsion surface, you may find
that 5/10 gallon per squere yoerd will not be excessive, in which case the
8,000 gallons would be ebout right. If you find that the surface will not
carry over 1/4 gallon per squars yard, the surface trestment can probebly ex-
tend a 1ittle further on t¢ the next section wntil the meterial iz ussed up.

"We beve auwthorized Mr. Hodgkiss to order the tar prime and to proceed
with the eold pabch repairs as ountlined. We hove estimated that the cover
material should be sboub 25 pounds per square yard of 28-A or 26-B chips,
which be gbates he will be able to obiain. This amcunt can be adjusted ace=
ording to the needs afier the surface tresbment work gels under way.
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will yvou kindly arrange with Mr. Claud Tockey for the release of the
€P-1 cold pateh repair material,.and we will try and work out some method of
paying for this material or replacing it. Also, advise the Project Englneer,
James Scobb, regarding this proposed work and forward the necegsary aubhori-
zations covering the materials and costs to this office as soon as possible.”
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