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PREFACE 

This report presents a complete account of the design and .construe-

tion of an experimental soil stabilized project using the existing road 

way material, suitable fines, Portland cement and bihl.Dlinous materials 

to produce a low-cost, light traffic road surface. 

The report includes the important factual data relevant to the 

project, such 1l;S description, purpose and scope of the projBct, cost, 

preliminary laboratory studies, construction procedure, condition stll'Vey 

and conclusions. 

The project is 6,229 miles in length, located on M-72, from US-'27 

Grayling east and designated as state project l1I 20-"20, C2.. The project 

consists of 1.572 miles of soil-cement construction and 4,657 miles of 

sand-bituminous stabilization. 

' The project was constructed under regular contract and construction 

procedure using the ~lichigan State Highway Department'~ 1940 specifics-

tions with necessary supplementa.ls. The contract was awarded to A. W. 

Hodgkiss, of Petoskey, Michigan. The processing work started .August 29, 

1941 and was completed October 15, 1941. 

The Grayling project was constructed concUrrently with the Stock-

bridge soil-cement stabilization project which has been discussed sep

arately in another report entitled "Construction of Experimental Soil-

Cement Stabilization Road Surface", Stockbridge, Michfgan, dated 

April 1942. 

-1-

' , -~ 



- '~ . ;~ . •-~· ;Ur'.'.r.1_-.' . .,, . ; ·~· ·.··.···, 

'fl 
fl 

l• "'liV6II 

b: 

I 
I 

~ 
\ 

19 

II, -

30 

0 +-11;6 

: ·~\: .... 

la:;ii I L~--- ' 

3'3 ·._ 34 
' 

II. 5 

!5 

•· 

C
35

RIA 

/ 

--f/- IZ 

14 '!3•· 

/"6. 

· 13 II~ 
\{) 

'0 "::x I ~---f-·-:~--1 ~+¥:~·~1 11 
· -_ N I ~I II i l! ~ 

-ZO 24 

. . 11 .. · .. , ··\!··· •··.· u .·- 11 \I ;11· >,~I"'"'~Ji-:~.'-"' V. II I-"->.. ,', .._ ~ - • -··- o<t'>f ~--~~~-~~ ~~ 
Z8 z~ 25 

<~>_,.~ 

'\,:"' 

RZW 

•:,;. 



PROJECT STATISTICS 

Construction Project No. - M 20~20, C2 

Location - On M-72 from Grayling east 

Length - 6.229 miles 

Width - 22 feet 

Surface - Soil-cement and bittuninous stabilization 

Bids opened - June 18, 1941 

Contract awarded July 7, 1941 

Contractor - A, W. Hodgkiss, Petoskey, Michigan 

Started grading - July 41 1941 

Started soil-cement processing - August 1, 1941 

Started bituminous processing - August 25, 1941 

Completed processing - October 15, 1941 

Total cost of processing surface - $49,132,66 

Cost of surface treatment -

Cost of grading and other operations 

Total cost of project -

Engineers Estimate 

Amount over and above estimate 

5,974.02 

56.181.56 

$91,288.24 

68.299.87 

$22 1 988.E7 
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COST DATA SU!vi!,!ARY 

Type Total 
Stabilization Sta. to Sta, Stations Sq. Yds& Total Cost 

KE-7 -1.88 to 80+00 
' 

81,88 20,015 $13,258,!)1 

T-3 80+00 to 86+00 6.00 1,467 957.75 

RC-2 86+00 to 165+00 77.00 18,822 ll,677. 78 

MC-2 165+00 to 246+00 85.00 20,289 10,818.25 

Soil-Cement 246+00 to 529+00 85$00 20,509 12,419.99 
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S=face 
COST Treatment 

per sq.yd. per sq.yd, 
cents cents 

.6624 .1474 

,6528 -

.6204 --

.5552 --

,6056 .1474 
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Total Cost 
per sq,yd, 

cents . 
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INTRODUCTION 

Rciad stabilization is the process of giving natural soils 

enough abrasive resistance and shear strength to accomodate traffic 

or loads under prevalent weather conditions, without detrimental de-

formation, The methods employed include the use of admixtures, com-

paction and densification by specific technical theor.r and laboratory 

control, Optimum water content is fundamental with gradation. .Admix-

tt~es rr~y be soil materials, deliquescent chemicals, solutions of elec-

trolyt,es, soluble cementitious chemicals, primes and neutralizers, and 

insoluble binders. 

In the north central part of the.lower peninsula, of the state of 

lilicbigan, there are approximately three million acres of a type of soil 

which. has been classified by soil engineers as Grayling sand. In addi-

tion to this type of soil, there are many other related types of soil 

which are so closely similar th~t they also present a vast field for 

stabilization incidental to sub-base and surface construction on the 

secondary road system, Therefore, it is imports.nt for the Michigan 

,State Highwa-.r Department to know how to stabilize these sand soils and 

what admixtures to employ. 

The Grayling experimental project was constructed to determi11e the 

feasibility of stabilbing the existing sand road surface with differ-

ent types of stabilizL>lg admixtures and to deyelop specifications for 

the use of the Michiga.n State Highway Department in constructing such 

types of roads. 
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The soil material throughout the project was quite uniform and 

consisted of practically all new material obtained from grading opera

tions adjacent to the roadway or from local borrow pUs. The soil was 

not mechanically stable in itself, therefore, quantities of silt and 

mineral filler were added in predetermined amounts to give the desired 

stability before incprporating the binders. 

Four different "b.rpes of binders were specified and used for com

paratbre study. They are as follows: Portland cement; medium curing road 

oil, MC-2; Rapid curing cut back mEtterial, RC-2; road tar, T-3 and bitu

minous emulsion, .AE-7e 

The Pm·tland cement section and the bitumL"'lous emulsion section 

were surface treated, shortly after completion of the project, with a 

double seal surface treatment to preserve the surface. The other sec

tions were left un·sealed in order th'3.t continued curing of the bituminous 

bL~der could take place, 

Limestone dust nrineral filler was originally specified throughout 

the project to provide for deficiency in fines. A deposit of sil.t was 

found locally during the construction of the project and this material 

was eventually substituted for the limestone dust, 

Some difficulty was experienced by the contractor on the.oituiitinous 

section because of adverse weather conditions. This was to be expected 

because weather conditions in late September and October are not ideal 

for this t-ype of construction, In general, the entire project has 

turned out quite satisfactorily. Upon examination, the followL"J.g yea:r, 
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the surface with the exception of two local areas seems to be developing 

into a sound substantial base com·se 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 section, 

· the sand-bitluuinous section and a general summary of the project as a 

whole. 
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PART I 

SOIL-CE~TT SECTION 

Part I conta~'s a description of the 

preliminary studies prior to construction 

of the. soil-cement stabilized surface, as 

well as the various operations inciden:tal 

to the processing of the surface. 

The laborato1~ and field operations 

were u.?J.der the supervision of S.M. Cardone, 

and T.H. Thornbm:n. Part I is essentially 

a report on the work which they submitted 

1.1pon co~pletion of the project. 

- 8-



SOIL-CKMENT STABILIZATION SECTION 

The soil-cement section of the Grayling soil stabilization pro-

ject is 1.572 miles in length, located between stations 246+00 to 

529+00, at the eas·i; end of the stabilization project. 

The stabilized surface is 22 f'eet wide and 5 inches deep sur-

face treated with a bituminous chip double seal wearing course. 

The soil type thl:'oughout the soil-cement section is a poorly 

graded incoherent material known as Grayling sand, The fines in the 

sand were augmented by limestone mineral filler from Petoskey and silt 

obtained locally. The addition of fines was necessa~J in order to 

facilitate construction operations &"1.d to obtaL'l. a durable surface. 

The report will discuss, in detail, first the preliminary labors.-

tory studies prior to construction operations then the construction 

operations performed during the consolidation process. 

Laboratorz Studies 

The laboratory study incidental to any soil stabilization project 

consists essentially of four parts, the soil survey, sampling of the 

project, laboratory analysis for soil constants and special control 

tests for determining quantity of binder to use for each soil type. 

At times, other special studies are deemed necessary to insUl·e a 

satisfactory Sltrface. For example, li1 this case it was necessary to 

add fines to exist.ent soil type to obtain mechanical stability. There-

fore, it was necessary to conduct comparative studies on several types 
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of· fillers in order to determine the best material to use with due 

consideration to i·~s cost. 

Soil SurveY 

In 1959, the Grayling project was recommended for soil stabiliza-

tion study, but for various reasons the project was dropped. However, 

not before considerable laboratory work was done under the supervision 
,, 

of W .s. Housel, at Ann Arbor. At that time a comprehensive soil survey 

was made of the project by A.R. Lu.TJdahl, Assistant Engineer of Soils. 

T!:te results of the original soil S'.ll'Vey were taken into accountr when the 

project was revived in 1941. 

The preliminary grading plans contemplated the use of the existing 

road surface material at some points, and prelimin~er-.f soil samples were 

obtained at nDJJJerous points on the road as well as from cuts a.11d borrow 

pits. From th8 preliminary samples three representative soils were se= 

lected for molding d1.1rability specimens. 

The laboratory analysis consisted of the usual gradation, P.I., S.L., 

L.L., ph organic content and specific gravity. These factors and other 

information are smmnarized in forms 849-1,2,5 and 4. 

Optimum Moisture, Maximum Densit~ 

The optimUm moisture and maximum density of each raw soil was run 

in accordance with A.A.S.H.O. Method T 99-58, From this test a curve 

was obtained for each soil showing the moisture-density relation, The 

moisture density tests for soil-cement mixtures at 6 and 10 percent 

cement content were run in accordance with A.S.T.M, Designation D 558-40 T, 

-10-
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and curves were plotted for each soil. From these curves data were later 

obtained from which, by iL<terpolation, the quantities for molding dura-

bility and compressive strength specimens were obtained. 

Moldin_s Soecimens 

For each soil sample, compressive strength specimens were molded 

with 6 percent and 10 percent cement content by volume, one for each of 

2, 7 and 28 day tests, ma-~ing a total of 6 spee~mens for each soil. 

The standard Proctor mold making 411 x 4.6 11 cylinders of 1/50 cubic foot 

was used. The specimens were cured in a moist atmosphere up to the time 

of breaking and soaked in water for one hour before testing. 

This test, although intended primarily as a qualitative test of 

the hardening properties of the soil-cement mixture, w:i.ll also reveal 

the relative strengths between different soil-cement mixtures. 

Standard Proctor cylinders for durability studies were molded for 

each soil. This consi1rted of one specimen for each of 6, 8 and 10 per-

cent cement contentby volume of the minus No. 4 soil for the soils 

having small amounts of plus No. 4 and 9, 11.5 and 14 percent cement 

for soil No. 6-8 which contained a large amount of plus No. 4. A con-

trol specimen containing 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. 

Durabillt,y Tests 

All specimens were cured for 7 days in a moist atmosphere before 

starting them on their durability cycles. Freeze-thaw specimens were 
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cured in the same manner as the wet-dry cylinders and run through 12 

cycles in accordance with A.S.T.M. Designation D 560-40 T. Results of 

tlus test are also summarized in form No. 849 (1-2-5-4), as well as in 

table 2. Curves bases on results in table 2 have been plotted as illus-

trated in figures 1 to 4 inclusive. 

The four wet-d:FJ specimens were run through 12 cycles in accordance 

with the A.S.T.M. Designation D 559-·40 T. The maximum soil losses and 

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

figures 5 and 6. 

;be,Qoratory Studies in AdmiYtm·es. 
\ 

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

Grayling sand a ncunber of fillers were molded in durability specimens. 

A stack dust by the conunercial name of Agri-fil was used in the labora-

tory and found to be entirely u.TJ.satisfactory, The volume change of this 

material is so great that some of the specimens cracked and disintegrated 

during the curing period. See figure 7, sample 9B. The amount of this 

material added was sufficient to raise the soil fraction passing the 200 

sieve from approximately 2 percent to 10 percent. 

The same amount of limestone dust was used in a separate series of 

specimens with the natural Grayling sand. This material proved to be de-

cidediy beneficial. Referring to form No. 849, a comparison in durability 
' ' 

may be seen between soil No. 9 which is the natural Grayling sand and 

soil No. 9-A which contains approximtely 8 percent of limestone dust. 

See figure 7. The significant point to note is that in the soil~cement 

mixture containing 10 percent cement by volume the natural soil suffered 
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23,2 percent soil loss while the same mixture with an additional 8 per-

cent limestone dust showed only 12.15 percent soil loss, prac·tically 

only one-rolf as muc:h. · The volume changes which were within safe limits 

remained approximately the same in either case. The maximum allowable 

soil losses for A-2 and A-3 soils accordit:tg 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 classification, 

Field Control Factors 
-----------

On the basis of the laboratory studies, the most economical cement 

content which gave the allowable soil losses and volume chenges was found 

to be 10 percent for the 1nixture of Grayling sand and limestone dust. 

Since the final grading plans called for the regradL11.g of the entire road-

way consisting of cuts and fills of Grayling sand, the cement content 

was set at 10 percent except for the first 1200 feet, At the beginning 

of the soil-cement section, between stations "329 and 517 it was noted 

thet the roadway material contained a considerable amount of the "B hcri-

zon and some of the original, weathered road surface material which was 

similar to soil No. 7 reported herewith. The soil losses in this soil 

were 15~2 percent in the 8 percent cement content, ~and the cement con-

tent was set at 8 percent for the first 1200 feet. 

The plus No. 4 material in ths Grayling sand was negligible, being 

only about 1 percent and all calculations were based on the minus No. 4 

soil fraction. The optimum moisture and ma.."ti.mum density found in the 

laboratory were specified as a guide in field work, but the actual mois-

ture-density relations found from daily tests of the actual mixture on 

the roadway were used for job control. 

-15-
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Upon completion of the laboratory"studies, specifications were 

developed for use in construction of the stabilized surface. The con

struction phase of the soil cement section ia"discussed in detail under 

"Construction Procedure". 
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MICHIGAN Form No. ! '-/ 9 - l 
STi~TE iiiGI-Iv1AY DE:P LHTMENT 

G. Donald Kennedy 
State F.l.ghvmy Com.'llissioner 

Soil Serie s,-=-GT=a:y=-=l=i=n,.g~~""""=-~ 
Date Tests Completed July 15, 1941 
Project No. M 20-'20• C2 

RESEJ:RCH DIVISION SillJ1f.ll.l\.RY OF TESTS ON SOIL i~ND SOIL-CEMENT 1\IIXT-URES 

---~ GEADA'l'ION - Per Cent of 'l'ote.l 

=-~G~r~a~vre~l7·~~-4~~S~a~nrd~·~--- Silt; 
STATE rtetain- No. 4 2.0 0.25 0.05 

I SOIL I ed on To To To To 
NO. _ No. 4 No. 10 0.251 0.05 0.005' 

k Siey:e _( 2. 0 mm). Illi"ll nnn mm. 

PHYSICJ;L 
Clay; Colloids; T-r;-qm 

J..:J~J.l 

0.005 0.001 CONSTPJ~Te 

To To 
o.ooo 0.000 I 8. 

mm. IOill. 

pH 

ORGA.c'i!IC 
CONTENT, 
p.p.m. 

TEXTURi'L 
CL ... ."iSP 

Sp. 
Gr. 

u.s. 
P.R.A. 
E'·oil 
Group 
(Soil 
Mortar" 

1-21.6- I 4 I 45.2 1 21.a 1 4.5 5 -- 7 --'1 I 1o. ooo i sand {2-.67 r 11_.;.;5 -- 1 
'1 in clay. ·Fraction paseing #10 Sieve. , SSJ.iLII!ortar Only i 58 l29 I 6 

Absorption of plus #4 material,1.J,§;i by dry weight. Color of moist soil Dk.Brown • Sp. Gr. of plus /f4 me.terial .2.$5 • 

TESTS Ol\1 MINDS No. 4 lfil~1':2:RIAL "'IELD CONTROL FACTORS 
Cec;ent Content: TOT.AL %1 

Minus#4 %: 
MOISTURE-DEN SilTY. llELATIONS COMPRESSl VE S~'RENGTHS - lb. per sg. in. (1) ! 

Opt. Moisture Opt. Density, Age Hhen Tested - DFcys 
Content % lb. _per c.f. Two I Seven I~T:"'w-en-,t-:-ty-•--e""i,-lg-:-t-::t-----,1 Optimum Moisture Tota 1~ ____ %1 

Cement Content by Volume - % Cement Content by Voln.c1e - % Coritent: l\anus/f4 %: 
o I 6.0 . llo.JI o ls.o l:i.0-1 6 10 i I 6 I 10 I I 6 I io 1- 1 

Density, lb./cu.ft. Total 
Minus#4 a.2 I 7 8 I s.:<lll9.2ll2l.!it!.?5 •. !' 58 154 I I 56 1518 I I 211 1190 I dr:z: wt.: 

1 (1 Submerged in water for l hr. before testing. Not encountered in the field 

i 
DATA FROM SPECIMENS USED FOH 'TWELV""E CYCLES OF DURABILITY TESTS 

~ ~ -~ ~ ~ -------"------ -
I CEMENT CON- DENSITY; MOISTURE COH 

I 
TENT; % BY p-b. per c .. f .. TENT; ~C by 

Volume. oven dry ;lt .. oven dr-y· I'Jt,. 
Thea- Ob- Thea Ob- Thea- Ob-
reti- tained reti- tained, reti- tained, 
cal ~"'' cal Ave. cal Ave. 

:~otal 7a1 7.:1 tl5L.5 1.!11.. 7 's .!I 11.5 
~nus ff4 9 0 9.0 .22"'9 125,'4 8.1 8.5 
'"otal g_•r, g_o Jll2a2 1!12 .. 6.5 6-6 
• inus /f4. IU 5 :u..~ b2.~ 124 8.4 8 .. 4 
'atal 11.1. n., . i ?;?;_? "4":i~?; 6.7 6.7 
linus !fL, lu:n 114.0 I ?!':.11 11?h.1 a .. s 8.3 
otal . 
linus #4 
U.S.D.A., B. of C. & s .. ' Soil Series 

SOLIDS 
7~ by 

Volume 
Ave. 

-79 '22 

I i 

1'01-·AL SOIL Ml-L\'TJ.'l;TIJM MOISTURE CON-
LOSs;· % of VOLUME C!IJ'l'GE; T:El~T FOR SAT-
original % of URATION;% by 

dry ·w-eight .. 
molded volmne .. oven dry wt. 

tH~T~~ FREEZE VIET DRY T,'RF:F:~' --'!'HAl'' WET V'REEZE 
d. ,, 

' !]. ~ ' .Minu l'!JAW 

2 7 5.2 

0.7 &...Ji_ 12,? o.o 1.5 o.o 10.0 10 2 

0.7 1.1 

-15-
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So~.l Horizon - - - -
Original Roadway Material 

Soil No. 

MA.X.MOISTUREi 
percentage 

above or belov; 
Saturation .. 

WET FREFZF~ 
LlRY. HAV\ 

-'3.7 ..;:<.5 

I 
6- 8 

I 

I 

I 

-;:_-"! 
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MICHIGAN Form No. S'-19 ,;_ 2 
STATE h'TG1f~·u .. Y D:E:P.bRTrtiENT 

G. Donald Kennedy 
State Fiighviay Commissioner 

Soil Series Graylin' 
Date Tests Completed __ ~ 15, 1941 
Project No. M 20-2.00 02 

HESEARCH DIVISION SUMMARY OF TESTS ON SOIL LND SOIL-CEMENT RIIXTUHES 
----- - ---- . . . 

I 
I C.Rt.DATION - Per Cont of Total PHYSlCAL · U.S. I 

Gravel· - I Sand· Silt; Clay; Colloids; TEST ORGlu'UC P.R.A. 
: STATE Retain- No. 4 j 2.0 0.25 0.05 0.005 O.OOl CONSTPJ~Ti'J CON'i'ENT, TEXTURLL Sp. Soil 
I SOIL . ed on To l To To To To To pH p. p.m. CL,~Sf Gr. Group 

Iii_•_$ NO. I ~?· 4 No. 10 0.25 -j 0.05 o.oo5 o_ .ooo o.ooo_ L. P. :=:. I (Soil _ 
7;; ~ "--'leve (2.0 rn.IQ)_ mm mm mrp....!....... ~ mr~ __ mm. __ 1 _____ 1_. 1. I Mortar)i 
l ____ L __ l~j _ ___._(1_1_§_8.9 JgQ.& Ls.a Ls._L_I -- I_ 0 o 18 I 8.1Ti4.ooo-l sand -~671 A 5~-i 
1 S9il Mortar OnlL___lMl i 27 I 6 t 7 I - - -- I Also -included in clay. -Fraction pasdng-"j¥10 Sieve. 
Absorption of plus #4 material,~~ 1Jy dry weight.. Color or moist soil Dk.Brown .. Sp .. Gr .. of plus /!?. material 2.87 . 

TESTS ON MINUS No. 4 MATEfliAT FIELD CONTROL FACTORS 
_,.~_.{::ement Content: 

I lVIOlSTURE-DENSITY RELATIONS ICOMPHFSSIVE STHENG'rl!S - lb. :p_er sq. in. _[l) 
Opt. Moisture T- Opt. Density, Itge ~ihen 'rested - Days 

i Content % lb. per c.f. ·Two T Seven LTwentv-eig]-,t 
I Cement Content bv Volume ~ % Cement -Coriient by Volune - ';h 

TOTAl 7.9% 
i11inus#4 . a.o % 

Optimum Moisture Tota l 8.5 % 
Content: Minusi-!4 8.4 ;t1 

I 0 16 0 110.:11 0 I fl.fl 110.3 s 10 I I s I 10 _l i fl. 1-lO I Density, lb./cu.ft. Total_ 122.1 
! 8.5 I 8.4 Is. SIU7.~!ll1?n.<tl122.f ?i2 _:,I I 55 I 2801 I 242 I 6.15 I dry wt • : lv!inus#-4 121.7 
I (l Submerged in ;~ater for l hr. before testing. Not encountered in the field. 

_j ~~------- .... 

1 CEMENT c9N- DENSITY; ~ MOISTURE coN _ _ TG~~ ~oi~ MAXIMUM · IMor.~mRp; c,o~- MJLX.MOISTUHEi 
TENT; % bY u.b. per c..... TENT; % by SOLlDS LOS:o; io or VOLUME C!UiJ-TGE· TE!~r FOR oJU- r)ercentage 

• . . l ' ~ b Volume. ven dry ut. oven drv· nt. 7b bv or1g1.:t;a c:1 of UR.4.TION ;;o y above or belov; 
Theo 1 Ob- Theo- Ob Thea- ~~Vol~e dry Welght. molde~ v;lurne. oven dry wt. Saturation. 
reti- tained reti tained, reti- tained, Ave. HE'I~~ FREE:6E .VTBT - DRY FREEL:; --THAW YifET ~'REl~Z~ V·iET FRl~~:~E-
cal """ cal Ave. cal Ave. .. _ · l '' \hm• IE o · M;nus. WJ..I ~ LtLl HAW 

DA'TA FROM SPECIMENS USED FUH TWELVE CYCLES Ol~' DURABILITY ·rEST-~ 

Total ~ 6 0 1?1 .f1 1.?n.A. !:1.5 7 ~ 

]!tinus #4 6.0 s.o l20.J 120.'9 8.4 7.5 17 • 1 '75.2 
'total 7~9 7 .S l22.C 122.1 8~3 8 3 , 
:i'Jinus #4 8._o 8~0 121.5rJ,21.7 8 4 8, 3 74.2< 4.] 15~2 :!,_,;_7 Q,.O 2_._7 _ 0~0 14.~ 1-h_S -5_._0 -k7 
~atal 9 9 <Ul , i?~ 122.4 A.? R.4. I 
.inns /)4 10.0 10.0 122.€ 122.6 8.3 8.3 l."l 5.5 
otal ,, __ . I 1 1 
linus t<A I I I __j__ -----~-·------_1-~--------~------
U .. SgD~.A .. , B. of C. & S .. , Soil Series So:.l Horizo11 --- Soil No. 'l 

Original Roadway Material_ 
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MICHIG.i<Jl 
STATE HIG1TV1.liY DEP.:·..RTMENT 

G. Donald Ke1~~edy 
State Eigh\'Jay Cornmissioner 

RESELRCH DIVISION SUMl\IARY OF TESTS 'ON SOIL J,ND. SOIL-CEMENT MIXTURES 

r--~ --_ GRLDATION - Pe.,., Cent of To·bal 
~ 

PHYSICAL 
I Gravel· Sand·- Silt; Clay; Colloids_; TEST 

STATE Retain-) No. 4 2.0 J 0.25 0.05 0.005 0.001 CON,'OTANTS 
SOIL ed on To _ To J To To To To pH 

NO. N~. 4 (~o. 10 0.251 0.05 0.005 0.000 0.000 L. P. 8. 
S1.eve 2. 0 ram) rrnn m..YD. mm.. mm .. mm .. L. I. L. 

.4 .s 55.5 i41.6 2 - I- 0 
; 

0 21 6.3 ~~- 0 

Form No. !'+9 -5 
Soil Series Grayling _ _ __ 
Date Tests Completed JuJy 15, 1941 
Project No.M 20-20, cz-

u.s. 
ORGLNIC P.R.A. 
CONTENT, TEXTURJ',L Sp. Soil 
p.p.m. CL ... ~~Sf Gr. Group 

(Soil 
Mortar', 

7 000 ·sand ·z.ss 11....;5 
. 

I Sgi!_Mortar Only I 56. 142 2 -0 -- Also includ.ed in clay. Fraction passing n~lO Sieve. 
Absorption of plus #4 material,.=_:::]~ by dry WElight. Color of moist soil Tan . Sp. Gr. of plus /!4 materia]_ -- - - • 

TESTS ON MINUS No' l± Ml:.TErliAL 
c "IELD CONTROL FACTORS 

~IO.LSTURE-DENS_i,r RELATIONS COT•IPP"S"'IVE C"'!illNGT"S 1 b p ., S in (l) ->~ J..W .. > o .. ) ._. U,L.L .Lc~- .1. • .._6.l ._g. ~ ~ ~ 

Opt. Moisture Opt. Density, Age Vi11en Tested - Da_y,q 
- Content ·% lb. p_er c.f. Two I Seven .I 'f'went;y:-eigf:t 

i Cement Content by Volume - % Cement Content by Vo.lur e - '% 

.Cement Content: TOTAL 10.0 % 
lilinus#4 10.0 % 

Optimum Moisture Tota l___lo...o__% 
Content: F' Jl< J.Q 0 % .-,;.lllUStr<± . o o 

0 I . 6.2 110.6! o I 6 2110 6 6 110 I Is I 10 I . 

. II I -.ln I Density, lb./cu.ft. Total_ 115.2 

I 1251100 tw.S109.71115.J:l115 I I I I I .t I 
\1 Submergsd in water for 1 hr. before testing. 

dry wt. : Minus/1.4 115.2 

DATA FROM SPECIMF.:NS USED FOR_ T'o'lEL\Il~ CYCLES OF DUTtA.BILI1'Y TESTe: 
' ----- - ~ - -- - - ~ 

-

I 
CEMbl'!T CON- DENSITY; MOWTURE CON 'I'Oi'AL ~OIL Mi\XIMI.mll .MOISTURE CON- MAX.MOISTUREj 
TENT; % BY b. per c .. ·f~ TENT; 7~ by SOLIDS LOSS; % of VOLUf!l'ill CHFJ\)GE; TENT FOR SAT- percentage 

I Volume. oven drv v1t .. oven dr>r i'It .. 7~ by original %of URATION;% by above or belorr I 

Thea Ob- Theo Ob- Thea- Ob- Volume dry weight .. molded volume. oven dry wt. Sa~uration~ 
reti- tained reti tained, reti- talned, .Ave .. ~JET~~ FREEZE V<JET DRY FR'fi:F:Zli'.-'PH AW \'1iET FREEZE WET- FREEZE 
cal A,rc cal Ave · cal Ave. . - . ! 'l.~ ,~ r c l!Mnu.~- .Jl{ 'l'liAW RY TP.J\.W 

rotal 6.0 s.o- 115.1 11?31 10.0 1.0~5 I ,~0 
inus 114 Same a tota: . 
oi;al a.o a.o 115.~ 114 2 10.? 10.5 

' inus 114 ·Same a " to.ts: 68.84 
a tal 10~0 J.o.o l14.9 115.7 10 4 10.9 
,inus 114 Same a stog 
otal i --1 linus #4 
U.S.D.A., B. of U. & s., Soil Series 

~6 5 67.2 

~4~9 59.0 1.7 o.o 

1:1.5.7 25.? 

L_ i I I 
So:_l Hvr·izon 

-1.7-

J..S o.o 7.5 16.8 

I --- --'----- --
. C Soil No. 

-5.4 

I 
9 

-4.2 

?..«>, 
(_ ";_j 



MICHIGAN 
STATE liLGliV1AY DEP J,RTiJIEl\fT 

G; Donald Kennedy 
State F..ighviay Commissioner 

Form No. g '-1 q - 4 
Soil Series Grayling 
Date TeAts Completed July 15, 1941 
Project No. M 2Q...020, C2 

. . . 
RESE:llCH DIVISION SIJiiiVif~Rt-~ QF_-- TESTS ON s6rL IJ\JD SOIL-CEMENT MIXTURES 

GPJ.DATION - Per Cent of Total PHYSICAL UoS. r·· ----::--
I Gravel· Sand· Silt; Clay; Colloids; TEST ORG!u'\!IC P.R.A. 
I STATE netain- No. 4 2.0 0.25 0.05 0.005 0.001 CONSTAHTS CON'iENT, TE.XTURl\1 Sp. Soil 

SOIL ed on To To To To To To pH p.p.m. cL:-..ss Gr. Group 
NO. No~ 4 /o. l~\ 0.25 I 0.05 0,005 o.ooo 0.000 L. P. R. (Soil 

c· . lrrun L. I. L • Mortar\. .. .)1eve 2.0 mm fill! mm. "f;1]Yl. rmn. -
0 .5 47.0 ' 45.5 9~0 0 0 7 000 sand 2.S2 A..:5 i 

S9il Mortar Only 47_._5 45.5 9.0 0 0 Also included in clay. Fraction paseing fflO Sieve. 
Absorption of plus #4 material, _ _;~ by dry weight.. CoJ_or of moist soil-----' Sp. Gr. of plus /f4 me.:terial 

1' 

TESTS ON lHINUS .No. 4 MN~EHIAL 

RELli.'I'IONS 
Opt • Density, 
lb. 

- lb. 
FIELD CONTROL FACTORS 

,,Qement Content: TOTJili J O.Q % 
lilinus#4 10 .. '0 % 

Optimum Moisture 
Content: 

Density, lb.7cu.ft. 
drv wt.: 

Tota l % 
w 111 ,. 
~••lllUStr'-· 'h 
Total 
Minus~;l,-4:--_;_ __ 

I DA/S:li. FROM SPECIMENS tJbED FOH TWELVE CYCLES OF DURABILITY TESTS --- -

1 
CEMENT CON- DENSITY; MOISTURE CON 1'0~1'-.;.L ;.)OIL MAX:nWUM MOISTURE CO!J- MJL:C. ~WIST'URE l 
TENT; )S BY 1-1-b .. per c.f. TENT; % by SOLIDS LOSS; % of VOLUl~E CHPl\JGE; TENT FOR SAT- percentage 

I 
Vol~L'lle. oven dry .rt. oven dr:v- i'Jt .. . 7~ by original ?~ of URATION;% by above or below 

Thea- Ob-. I !Theo Ob Theo- Ob- Volume dry Vleight. molded volume .. . oven dry wt. Saturation .. 
. reti- tained reti tained, reti- tained, Ave. HET~t- FHEE~E VfET. - DRY l<'RJi~' P-'l'HA w WET- l''REEZE- WET- FREEZE-I cal 6wP caJ. Ave' cal .Ave. • .. v " J, • Q · .Tlltinu. - ffiAJ\ , R,.,l HAW 

total 6.0 6.!) hlfl • 5 117.8 9.9 10~4 
Minus 114 Same Ia" tot tt 29.1' 52.0' .. 
total a.n fl_(l hlfl .. 7 llfl.T !L7 Hl-7 

I '·linus #4 ~'""" '" +.n+ h f-- 71.56 16 2 50.0 11 5 o.o 1.5 o.o 5~2 15 2 -50 ..,&,Ji 
a tal -1.0~0 ]0.0 :nR.'9 119 2 9.5 10.1 

12.!1 I ' 

Unus ,~4 f1,me ~a_,.. tot A.5 
otal -t l I f tinus #4 f i I I --
U .S.D.A., B. of C. & S., Soil Series _ .. _··--------- So".l H::;rison C Soil No. S-A 

-18- {'J 
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TA1m~~ I 

'WETTING-DRYING DURABILITY TEST _OF SOIL-CEMENT Ji!IXTURES 

Progressive Soil Loss - Percent of Original Oven-Dry Weight 

Percent .WETTING-DRYING CYCLES 
Soil Cement 
No. by volume 1 2 3 4 5 6 7 8 9 10 ... 11 12 

6-8 7.1 1.1 1.4 1.6 1.8 1.8 1.8 1.8 2.1 2.3 2.5 I 2e5 I 2.7 

I I 0"' . 9.0 Oe2 0.5 ·"' 0.5 0@5 O"E o~s O.,E 0.5 OaS 0.7 0.7 

11,;2 0 ~ 
·~ i o.s ' Oe5 0"5. 0.5 0.,£ 0.5 0.5 0 ~ .~ 0.5 0.7 0.7 I 

7 6,0 2.0 2.7 4.0 5.2 6.2 7.2 8.7 10.2 10.9 12.6 14.9 17.1 
' 

7.9 1.0 1.2 1.7 2.0 2.2 24>4 2.7 2.9 5.2 5.7 4.1 4.9 

9.9 Oo5 0.5 0.7 0.7 0.7 0.1 0.7 1.0 1.2 1,5 1.7 1.7 

9 5.96 ll,l 16.1 19~3 24.4 29.1 55.e 56.8 40.0 41.8 -- 44.2 46.5 

7.98 7.1 9.7 ll"i: 15e9 16.3 18.4 19.9 :21.5 22.8 -- 24.2 24.9 
' 

10.0 5.4 5.9 6.7 7,8 9.0 10.1 ll.l n.e 12.4 -- 12.9 15.7 

9-A 5,96 5,6 9.9 15.5 16.5 18,6 21.2 25.0 -- i 24.8 26.0 27.0 29.1 

7.98 2.0 4.8 7.1 8.9 10.2 11.7 12.7 -- 15.5 14.,5 15.0 16.2 

10.0 1.0 2~E 5.8 4.8 5.5 6&5 6.8 ~-- __ 7.5J~·~- 7.6 8.3 
·- -- ~--- ·~-------- - ------- --~·~·--' ------

-19-
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T.ll..BLE II 

. FREEZD~G-THAWING D1JRliJ3ILITY TEST OF SOIL-CEMENT MIXTURES 

Progr-essive Soil Loss - Percent of Original Oven-rTY Weight 

· Percent FREEZING-THAWING CYCLES 
Soil Cement 
No. by volume 1 2 5 4 5 - 6 7 8 9 10 ll 12 

' I I 
I 6-8 7.1 0.2 0.,5 0.7 1,1 1.4 1.6 1,8 :2.,"0 2.t.: 2.5 5.0 - ~ I ;j •"-

9.0 0.9 1.4 1,6 l.e 2,0 2,0 2.0 .2.C 2.5 2.5 2.5 . ;j 11.2 0.,2 o.z 0(8.5 Oo5 0.7 0.7 0.7 0.9 O.a9 0.9 l.l 1.1 
. 

7. .§ .• 9 2.J5 4.4 _f.!. 9 11.5 15.0 22.9 54.0 47.6 so.c 58.7 68.3 75.-2 

7.9 1.0 1..7 2.7 5.7 4.7 5.1 6.6 7.8 8.1 9.8 11,5 
.. 

15.2 

9.9 0.7 1.0 1.5 1.7 2e2 2.7 5.2 5.7 5.9 4.4 4.S 5.6 I 
. 

9 5,96 7.7 12"' . G"" 17.1 27.0 56,8 46.6 54.7 .59.8 65.0 -- 64.8 - 67.2 

7.98 4.2 6,6 7.9 11.e 16.5 22.1 27.1 50,8 55.2 -- 56.0 59.0 

10.0 2.6 5,4 4.9 6.8 8.9 11.7 14.5 16.7 18.2 -- 21.1 25.2 

9-A 5.96 5.1 11.0 16.6 27.C 33.9 58.0 40~3 -- 44.]_ 48,8 -- 52.0 

7.98 2.0 6.(' 10.4 15.0 18.5 21.0 22.8 -- 26.€' 27.6 -- 50.0 

I 
10.0 o.e 2.0 3.5 5.0 6.8 8 .. 5 8.8 -- 10.1 11.1 12.8 

---=--~ .. - --- - ------·-···---- ·---- --- - ------- --······- . ··-··-- '- - ----·- . - -· ··- - ------··-··-

- 20-
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SOIL -CEMENT LOSSFS RESULTING FROM 12 CYCLES 
OF FREEZING-THAWING DURABILITY TEST 

GRAYLING PROJECT 

,--

Soil No. 6-8 

LEGEND 
1:-,---<0--7.1 o;o Cement by Vol. of Molded 
2~9.0 cy

0 
11 11 11 11 n 

3_ --~.--~~ 1.2 o;
0 

II Ji II II ll 

Specimen 

" 
" 

--~ ,_--I I I 
··--~-

I 
I . I --l--··-· i +-r---t~=l L__j 

-i- -1 + t I t· 
I I ...... T. i . +----~~ -

~ ~ 10 r·---+ : -····· --t--·--t·~--~~-t-·-l=----r----r 
i2 -~ s -- I -- ~--+----- ++:-.----r-·· -+-_ ----~-------~----1 
ffi K 6 ··-+- ·+--+··--:-- I ~=-=-~-=t=~i· -----11-

[ ~ 4 - - -i---r--r-+--=-1= I l +,~-=1---~--------~ 
~ 2 ~L - - .c-- • ---~~ r"~~-r~tf=:t-~~-t -

~;J:-==;Y.:: 4=_+- _-:~-===r~·- - - -==y---.· 
0 - :c.=_±_ . - _L ___ ·--·· -·- __ ...L·~· 

Q, I 2 3 4 5 6 7 8 9 10 II 12 
NUMBER OF ALTERI\JATIO~lS 
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SOIL-CEMENT LOSSES RESULTING FROM 12 CYCLES 
OF FREEZING-THAWING DURABILITY TEST 

GRAYLING PROJECT 
Soil No.7 

LEGEND 
1.--o---6.0% Cement by Vol. of Molded Specimen 
2.------o---7. 9 % II II il II II 11 

3. ---0-""7-9. 9 Ofo II II II II II II 
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SOIL -CEMENT LOSSES RESULTING FROM 12 CYCLES 
OF FREEZING-THAWING DURABILITY TEST 

GRAYLING PROJECT 
. Soil No.9 

LEGEND 
l._:__----<>---5.96o;o Cement by Vol. of Molded Specimen 
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SOIL-CEMENT LOSSES RESULTING FROM 12 CYCLES 
OF FREEZING-THAWING DURABILITY TEST 

GRAYLING PROJECT 
Soil No. 9-A 

(Containing 8 %-Limestone Oust) 

LEGEND 
l.--o--5.96'YoCement by Vol. of Molded Specimen 
2;----0-7. 9 8 Oj
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SOIL -CEMENT LOSSES RESULTING FROM 12 CYCLES 
OF WETTING- DRYING DURABILITY TEST 

GRAYLING PROJECT 
Soil No. 9-A 

(Containing S"l'o Limestone Dust) 

LEGEND 
1.--o--5.96 olc,Cement by Vol. of Molded Specimen 
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SOIL -CEMENT LOSSES RESULTING FROM 12 CYCLES 
OF WETTING-DRYING DURABILITY TEST 

GRAYLING PROJECT 
Soil No.9 

LEGEND 
1.--o----5.96% Cement by Vol. of Molded Specimen 
2~ 7. 9 8 Oj
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DURABILITY STUDIES 

Sample No. 7 Condition after 12 cycles 
freezing and thawing 

3 , :LES 

Sample No. 9B Grayling sand containing 
8% "Agri-fil" • - Disintegration due to ex
cessive volume change after 3 cycles. 

-27-

Sample No. 7 Condition after 12 cycles 
wetting and drying 

CONDITION AFTER 12 CYCLES 
WETTING. AND .DRYING 

SOIL N 0 :-9-A';' 

Sample 9A Grayling sand containing 
8% limestone dust 

Figure 7 
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CONSTRUCTION PROCEDURE 

The construction procedure which wa,s used in processing the soil 

I 
cement stabilized surface consisted of the following operations; prepa-

ration of the fine grade and adding necessary fines, application of the 

Portland cement, dry mixing, application of water and wet mixing, con-

solidation, curing and final surface treatment. These operations as 

tfuey were applied to the Grayling project are discussed in the above 

order. 

Added Fines 

As explained under laboratory stuoies, the Grayling sand contained 

a ve~- low percentage of nattu:al fines and, therefore, iLL• order to 

obtain stability and durability, it was necessary to add a certain per-

centage of filler to the mh"iure. The filler materials used on the 

project were limestone dust, clay and silt. 

Limestone dust: The addition of the limestone dust on the grade 

presented some difficulties. The material could not be spread uniformly 

by means of a spreader box due to the difficulty of pulling the box 

through the loose sand and the uneven fiow of the limestone dust out 

of the box. An attempt was made at shoveling the material out of the 

trucks and onto the grade, but tP~S also proved to be unsatisfactory. 

Finally, a fairly satisfacto!"J application was accomplished by spread-

ing directly from the trucks with spreader chahls preperly adjusted. 

Limestone dust was added from station 529 to station ,255+50 at the 

rate of 8 percent by weight. See figure 8. The limestone dust im-

proved the stability of the sand to a considerable extent, 

- 28-
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(.A) - Grading Operations 

(BJ - Spreading Limestone 
Dust 

- 29-

(C) - Mixing Limestone Dust 
with Surface Material 

Figure 8 
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Clay: It was realized that in order to give the sand sufficient 

bearing capacity to support the construction equipment some material 

must be added which would improve the stability either by mechanical 

arrangement of particles or by cohesion. A·clay deposit within an 

average haul of one mile was investigated. The contractor added and 

manipulated approximately 8 cubic yards of this clay at his own expense 

over a distance of' 75 feet. Since thedll!l-1 has a P.I. of about 50 it 

was impossible to pulverize it sufficiently on the grade to render it 

effective as a binder. The stability was improved slightly over the 

75 fee·t, but. it is believed t:r.at this was due, not to any cohesive 

action, but rather to an arching action.similar to the behavior of 

graded aggregates. The remaining balls of clay may have a detrimental 

effect in the weathering action of the finished road. 

Silt; From station 255+50 to 246+00, which constituted the balance 

of the soil-cement project, 8 percent silt was added. The silt was found 

in a deposit approximately 5-1/2 miles from the job. The same method was 

used for spreading as was finally adopted for the limestone dust. The 

silt behaved very similar to the limestone dust. No difference was app-

arent in the s·tability • workability, optimtun moisture and maximum density, 

as compared with the limestone dust section. 

Preparation of Grade, Stakes, etc. 

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

preliminary shaping. Grade stakes were set on each side of the road at 

-50-
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each station on a 4 foot offset from the edge of treatment and 12 inches 

above the bottom of the finished roadway at the centerline, By thi$ 

method the control for depth was accomplished by measuring down from a 

string line stretched across the grade stakes, to the bottom of treat

ment, 12 inches at the centerline and 15-1/2 inches to 14 inches at the 

edges for a 1-1/2 inch to 2 inch crown. This proved very successful ex-

cept that where the stakes were put in too far in advance of processing 

in the relatively loose sand they may hav·e settled, thus probably causing 
' 

excessive depth of treatment. In a situation of this kind, the grade 

stakes should be set not more than one or two days in advance of process-

ing in order to reduce errors in depth of treatment to a miP~un. 

In order to reduce the quantity of water to be added during process-

ing operations, the soil was wetted at first to within 2.percent of opti-

mUJll of the raw soil on the day before processing, usually in the evening 

to reduce evaporation losses. During the latter part of the project the 

pre-wetting was increased to the, optimum moisture of the raw soil to 

further reduce the water to be added during processing, 

Prior to the addition of cement, guide laths were placed at 100 foot 

intervals, 6 inches outside of the edge of treatment on each side of the 

road. Towards the end, the project guide stakes were placed at every 50 

feet in order to aid further ·the ine.."'!:]Jerienced equipment operators in 

main~ng a straight edge, 

Addition of Cement 

Immediately preceding the spreading of cement, the grade was given 

a preliminary shaping to remove all ruts and wheel marks. The cement 
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trucks were taken down the center of the road and cement sacks were un-

loaded and spaced by the aid of a 10q foot chain with metal tags attached 

at the proper intervals. A 6 by 6 inch beam was dragged behind the truck 

to eliminate the wheel marks and this was supplemented by shovels to in-

sure an even surface before the sacks were opened. For the 8 percent 

cement spread, the sacks were spotted in 4 longitudin13-l rows of 18 sacks 

each and for the 10 percent cement spread, 5 rows of 18 sacks were used. 

See figure 9. This proved to be a convenient arrangement as it was nee-

essary to merely increase the number of rows from 4 to 5 to go from the 

8 percent to the 10 percent cement spreads and still keep the same inter-

val on the chain. It is believed that small pieces of red cloth tied on 

the chain would have been more satisfactory than the sheet metal tags 

which were rather difficult to see. 

The sacks were opened and each transverse row of sacks was shaped 

into a windrow of cement running across the road and vdthin 1 foot from 

each edge. Care had to be exerc·ised to keep the men from spreading the 

cement too close to the edge of the treatment. After the cement was 

shaped into windrows the latter were spread by dragging the spike tooth 

harrow with spikes set at about 45°. This spread the cement evenly from 

one windrow to the next except for one weakness. The tracks, made by 

trac·tor pulling the dray, filled up with cement and caused a number of 

streaks of rich mix, which required e;ccessive manipulation to eliminate 

them. When tp~s-was discovered, the method of spreading was changed, 

The sacks were opened, clumped in a pile and then spread evenly with 

square point shovels. After this operation it was discovered the.t running 

the spike tooth PBrrow as before aided in accomplishing a ver~y uniform 

sp1•ead. 
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Dry Mixing 

Dry mixing s-tarted immediately after the cement spread with one pass 

of the field cultivator. This was followed by two passes of the rotary 

tiller which thoroughly mixed the top 5 or 4 inches. See figure 9, This 

was about as deep as the tiller would penetrate with the power available. 

Following the tiller the 5 gang plow was used to bring the unmixed material 

up from the bottom,. The plowing was started at the center (up one side of 

the center line and down on the other) and carried to the edge. At first 

the plo;r.ing was followed by numerous passes of the field ctlitivator and 

the rotary tiller to thoroughly mix the material throughout the depth of 

treatment. Later the plowing was followed by a disc :t>.arrow and then by 

the rotary tiller. This completed the dr'J mixing. 

Final APplication of Water 

As stated above, the pre-wetting was accomplished the evening before 

processing. When the pre-wetting was carried to about 8 percent of raw 

soil the dry mix checked about 5 to 6 percent and when carried to optimum 

the dry mix conte.ined 6.5 percent to 7 .E pe;rcent, with an optimUID of approx

imately 10.3 percent. There is an indication that iri pre-wetting too high 

in this type of soil there is a correspondingly greater moisture loss. 

When water has to be paid for at a rate of better than $8.00 per 1000 

· gallons it may be more economical to specify greater water spreading 

cape.city. 

Final water application toward the end of the job required approxi

mately 4 applications which consUIDed on the average about 2 hours. The 

rate of spreading for each truck load was adjusted so that one round trip 
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(B) Turning in cement with 
3-bottom gang plow· 

(A) Spotting Cement Sacks 

--------~----~~---~ -~-- ------~--------,., 

(C) Mixing and pulverizing with rotary tiller 
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emptied the full load, The water truck was filled from a 1500 gallon 

storage tank at the forward end of the days processing, The spray bar 

wa.s 11 feet long and eq_uipped at first with 1/16 inch and later with 

1/8 inch nozzles. The capacity of the tank was 1100 gallons. See fig-

ure 10. 

Difficulty was experienced throughout the project in spreading the 

water uniformly. The truck hsd to be pulled by a tractor and at times 

the sand was so u..rwtable thst the tank truck could not keep in a straight 

line as the front wheels would slide laterally, The water spreading may 

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

water application the field cultivator followed close behind the water 

tank to fold the water in, 

Wet Jli!ixin_g 

Following the water spread, at first, the wet ;niY • .ing was accomplished 

by numerous passes of the field cultivatol" and the rotary tiller until 

the moistltre was uniform throughout t.he full depth<) However 1 at times 

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

ment. Later the seq_uence of operations was changed to include, except 

for the plowL"1g, the same order of equipment application in the wet mL'"'{ 

as used in the d:ry mL'<. · This proved to be very satisfactory anc1 no 

difficulty was experienced in obtabing uniform water mixing rrith much 

less work, The indispensable piece of equiprnent which mixed the material 

from top to bottom was the disc harrow. The wet mL'l:ing operations re-

quired on the average 1-l/2 hourse 
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Compaction 

Following the wet mi:dng, the grade wa.s given a prelim5 .. ctary shaping 

and the sheepsfoot roller was introduced. See figure 10. It was found 

that a unit weight of 80 p.s.i. worked about the best. The average 

time required for this operation was approY-im'l.tely 1~1/2 hours. Diffi

culty was experienced ill packing the edges as the feet would punch 

through the relatively unstable sand on the outside of the processed 

sectlon. 

,Shauiug 

When the sheepsfoot roller had compacted all but; 1 to 1-1/2 inches, 

tha spike tooth -D..arrow was used to scrc~tch the top compaction planes o 

Then the road was given a final shaping.. This is the operation which 

was the most tedious~ 

The unsldllec1 grader operators consullled ent:trely too much time &"1d 

accomplished only a mediocre job. This operation required approximately 

1-1/2 hom·s. 

Shaping was also done before cement spreading and following the 

wet mixing operations\!> 

Pneuma.tic _ Roll:l,ng 

At first the pneumatic tire roller was not used as it was thought 

that the smooth roller following the sheepsfoot roller would suffice to 

give the desired compaction. Aner the first two days processillg when 

it was discovered that the 5 tan smooth roller could not be used due to 

the U.'V!Erbable rw:GuT."e of the soil, the pneumatic roller was introduced 

and the smooth roller omitted. The pneuinatic roller operated satisfac-
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FIGURE 10 

{A) Application of Water 

(B) Consolidation by Sheepsfoot Roller 
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torily with 2 or 3 passes being sufficient to compact the surface, Duri.11g 

the latter part of the project a road drag, made up of two pieces of angle 

iron 'llrlth mecha.nism for varying the angle of the blades, was used to ob~ 

literate some of the tire marks left by the rubber tired roller. Also, 

before and during the rubber tired rolling a spike tooth herrow with teeth 

set almoGt flat was applied to scratch o'verlapph1g tire compaction places 

and :mail1tain as even a surface as possible. 

Checks of the densities obtained indicate thet the rubber tired 

roller as well as the sheepsfoot roller gave good de?-sities, 

Smooth Roller 

It is recommended that in the future no processing be permitted un-

less the contractor has a smooth roller of the proper proportions. It 

is believed th9.t in material similar to that encountered on this project 

a. smooth pull roller of 2 to 5 tons with a 5 to 4 foot !:l:iamet3r should 

give satisfactoi".)T results. Such a roller, if not made commercially, 

could be inade up at relatively SIIBll cost from a seamless water tank, 

:with provision for filling with water. 

Wet earth cu:ring was used throughout the proj ec·~. The cover 1qas 

usually applied on the morning following the processing. At first the 

coYer was applied with a heav patrol grader. This praYed to be quite 

u.nsatisfactorJ as the. wheels cut into the fresh roadway; The method 

was then changed and the cover applied by hend, When there was an im-

pending r~in 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 that covering the treated roadway with water-proof paper 

inunediately after completion 1ie specified as standard pl'Ocedu:re. 

Control of Moistur~Density, etc_, 

During the afternoon preceding the days processing the raw soil was 

sampled and moisture content determined. Sufficient water was added to 

bring the soil. to its optimum, During dry mixing, the soil-cement mix

ture was sampled and its moisture content determined. .At the same time, 

the optimum moisture. and maximum density test was rtm to determine the 

exact maxi=m density and opti= moisture 1mder actual field conditions. 

From the moisture cheek and the optimum obtained the final water appli

cation was specified • 

.At the conclusion of wet mixing anothe~ moisture check was :made and 

if the water content was found to be below optimum additional water was 

added. It is important at this point to estimate the evaporation losses 

so that it will not be necessary to add water after we't mixing is com

pleted, as this will delay construction operations for as much as one 

hour. 

At the start of' packing operations large soil-cement samples were 

taken for the molding of laboratory specimens, During the fil·st part of 

the project, the grade was sampled at 5 or 4 stations and a composite 

sample made up for the labor:'tory specimens. Later the material was 

sampled every 200 feet and specL~ens molded from eaeh station. This 

was done in order 'to attempt to evaluate the difference in soil, water 

and cement content at different poin-ts in the days run. 
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Another moisture check was made of the material remaining unpacked 

after tho sheepsfoot roller completed its work. The final moisture check 

wa s made by visual inspection during the rubber tired rolling and, when 

needed, a very light spray was applied. 

In places where it is not convenient to move the field laboratory 

along with the processing such as was the ease on this project, a conven-

ient method of ma.king the numerous moisture checks, which must be done 

rapidly, is to provide a box in which is carried a scale for weighing 

and a gasoline stove for drying the moisture samples. In thl_s manner, 

a.ll moisture checks are made ver:r conveniently adjacent to the days pro-

cessing~ 

Density· tests of the completed roadway were usually made on the day 

following the processing. To simplify the field work a 2 quart jar was 

filled with a defL7lit.e amotmt of previously calibrated sand, and one jar 

was provided for each test to be run. The excavated material was care-

fully placed in a moisture proof can and labeled to correspond to the 

particular jar used, In this manner no weighing was done in the field. 

Checks on depth of completed roadway were made at_ tl;le same time as 

the density tests. All den,sity tests showed densities well within the 

minus 5 pounds per cubic foot usually allowed. The depths were practi-

cally all more than 5 inches. This was due to the difficulty in coni> 

trolling the equipment in the loose sand. 

Field Specimen:~_ 

A large number of Proctor cylinders were molded from roz,dway materi-

al taken at the :t:ime of final mixing. It is contemplated to use these 
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specimens for fut·ure laboratOI"J study to attempt to evaluate field fac-

tors such as mixing, control of admixes and moisture and thus obtain a 

correlation between the durability of laboratOI"J and that of field sped-

mens. The study in the laboratory of actual COl'BS taken from the processed 

roadway as to the voids characteristics, durability, density and compress-

ive strength would also afford a comparison between laboratory specimens 

and the product to be obtained in the field. 

CONCLUSIONS 

The following conclusions are based on observations made during the 

various stages of construction. 

1. The point of primary importance which this project has 
demonstrated so far is that soils with poor gradations 
present construction difficulties. The soil on this 
project is so poorly graded that it lacks sufficient 
stability to support the equipment during construction. 
This caused poor control of depth and water spreading 
and made construction operations generally diffictut. 

?.. The rotary tiller is a very efficient piece of equip
ment, if, properly powered. The power supplied by a 40 
h.p. tractor is quite deficient. 

3. In the absence of sufficient power for the rotary tiller, 
a disc harrow is an invaluable asset. A disc harrow 
should be on hand at every job where there is lack of 
power for the rotary tiller and for emergency use. 

4. In loose soils plowing should be held to a minimum. One 
pass of the plow is usually sufficierrt to bring ms.terial 
up from the bottom. 

5. 1\. spray bar on the water distributor, of sufficient length 
to cover the full width of roadway iu one pass should be 
specified0 

6. After completion of smooth rolling, absolutely no equip
ment should be allowed on the treated roadway, a..nd even 
walking should be restricted to a minimum, until covered 
with at least 2 inches of soil. 
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7. CuriNg material should be wetted by hend. 

8. The length of roadway which may be treated successfully 
in one day depends entirely on the condition and amount 
of equipment. available and on the skill and organhation 
of the contractor's personnel. DurL'lg the latter part 
of t.his project, with tmsldlled equipment operators, 
mediocre organization, not the best .of.BquipmE)nt and 
difficult working conditions, 800 feet of 22 foot road
way were processed in a 12 hour day; 
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TABLE III 

SUMI\[{l.RY OF CONSTRUCTION IB.REGULARITIES 

Soil CONSTRUCTION Test Hole Densities 

Date Station Weather Temp. Hours Condition IRREGULARITIES Station Tota1 

8-1-41 329 to Clear- a.m. 82" 10-1/2 Cement - 8% Spray nozzles too small, re-

1 
523 Clear- p.m. 88" Limestone dust added moved. Water accumulated in 

329-328 - 5,5% wheel tracks. Rotary tiller 
528-525 - 7,1% _ cultiva-tor and plow w_ ere -

1

. 
used, Cultiva-tor followed -

-water distributor, After 
every trip final mixing done 
w-i.th tiller, Smooth roller 
did a poor job because mois-
ture content was too high. 
Overestimated moisture 
losses _ 

8-2-41 525 to Clear- a.m. 78"' 15-1/4 Cement 8% Applied water without spray 521+50 122.7 ' 
518 

1 
Clear- p.m.- 90~ Limestone dust~5.6% nozzles, smooth roller bogg- 519+00 150,0 

ed down in very sandy spot. 

8-7-41 518 to Clear- a,m. 80" 11 Cement 10% Difficulty in spreading ce- 517-1'00 117.0 
512 ' Clear- p.m. 92° limestone dust-8.1% ment and applying water. 514-f50 118.0 

Poor operator on patrol 
grader 

8-8-41 512 to Fair- a.m. 8S" 21-5/4 Cement 10% Application of water slow 510+00 119.0 
592 Cloudy~ p.m. 92° Limestone dust 8~1% 508-1-00 118.0 

8-12~11 502 to Cloudy- a.m. S9° 15-"l/4 Cement 10% Method of spreading cement 501+00 115.1 
294 Cloudy- p.m. S2° Limestone dust 8% changed. Sacks spotted and 299-1'50 115.3 

cement spread by hand. Di- 297+50 121.0 
fficulty in controlling 
depth of plowing. Disc mix-
ed uniform full depth 

- ,____-- -- --- ----------·'------..!..-----1 
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soil Construction ·, Test H e D<lrisities ·. .·. ', 
Date Station Weather Temp. Hours Condition Irregularities Station Total 

8-15-41 294 to 286 Cloudy-a.m. 65° 15 Cement 10% Unit pressure 100///sq.in.too .2915-tOO 120.9 
Clear-p.m. 68° Limestone dust a% hea1~ ror compaction. Unit ·291+00 116.1 

with sheepsroot roller to 289+00 115.9 
80#/sq.in~gave satisractory 287+00 119.9 
compaction. Dlificulty in 
spreading water. Contractor 
attempted to spread cover mat-
erial by grader. This operat-
ion was stopped because grader 
marked surface&' 

8-14-41 286 to Cloudy-a.m. 66° 18-l/4 Cement 10% Dliriculty encountered in ob- 285+00 125.6 
278+25 Cloudy-p.m. 750 Limestone dust a% tair,ing proper compaction at 285+00 118.8 

edge or treatment in cut sec- 281+00 112.1 
tion. Water distribution not 279+00 151.0 
urdform. Rain at 10:50. Sur-
face covered with paper. -

Clouoy-a.m. I 
' 

8-16-41 278-f25 to 68° 17-5/4 Cement 10% Silt spread rate 5yds/sta. Ar- 277 109.4 
270+54 Fair-p.m. 72oc Limestone dust 6% ter compaction with sheepsroot 275 115.2 

Silt a% surrace rolled once with roll- 275 122.4 
er then rolled with steel rloat 271 121.0 
Obtained best surrace with this 
method. Contractor short-handed 
thus operation dragged out. 

8-18-41 2'70+54 P,Cloudy-aJ!l 74° 12 Cement 10% · Operations normal. Dirficulty 2'70 118,9 
262+46 P.C'loudy-pm 76° Limestone dust 8% in compacting edges, 268 114,0 

to sta. 267 266 105,>} 
Silt 8% ' 264 109.0 

8-19-41 262+46 to Cloudy-a.m. 63" '17-5/4 Cement 10% Operations normal. DiUiculty 
254+60 Fiar - PeiD\11 - I 

' 
Silt a% in compacting edges no data 

8-20-41 254+60 to P.Cloudy-am 76° 17-l/4 Cement 10% Operations normal~ Poor com-
I 

no data 
246 Cloudy-p.m. n<> Silt B% paction between sta. 249+50 

to 248+50 in a cut section, 
~·---··---·---· ---·-····. I------------·---·---- -··----· ---------- -- - -·---·--------··--··-· -·----· --------
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P.AR'l' II 

SAi\TD-BITTTh!IUOlJS STABILIZATIOU 

Part II contains a description of the various 

activities incidental to the construction of the 

sand=bitiuminou:3 section of the Grayling projectc 

The laboratory studies and observations on 

field operation were under the supervision of 

T. Wolc,ynski. Part II is essentially his report 

which was submitted upon completion of the projecto 
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This report represents the experience and lmowledge obtained ·from 

actual trial in the field to produce satisfacto~J base coctrse by the 

stabilization of sand with several totally different types of bituminous 

substances. The bituminous materials utilized include, medium curing 

asphaltic oil (lli!C-2), rapid curing asphaltic oil (RC-2), slow breaking 

asphtiltic emulsion (AE-7), and a cu&-back road tar (T-5). 

· The sand-bituminous stabilization section is approximatel-.t 4-1/2 

miles in length, located on the west end of the Grayling project. This 

is the fh·st project of its type and scope to be attempted by the Michi-

gan State Highway Depar·cment. 

The construction of the bituminous section will be discussed under 

labor·atory studies and field operations, The laboratorJ studies will in-

elude methods of determining the filler and binder content and the estab-

lisbment of spec.ification requirements. Field operations involve all opera

tions :incidental to producing a satisfactor-.r surface. 

Laboratory Studies 

Several of the sou&hern coastal states have been stabilizing local 

sands for road pltrposes with considerable success. Their problem is some-

what analogic to the situation at Grayling and consequently we have profited 

a great deal by their experiences in sand-bituminous mixtures. In addition 

th'" various manufacturers furnishing bituminous materials for this parti-

cellar project were very cooperative and helpful by submitting specifica-

tions and recommendations fox· sand-bituminous mixtures, 
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.The laboratory phase of the work consisted of a careful study and 

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

bitumen content and preparation of specifications, 

The Soil 

Grayling sand exhibits very poor bearing capacity, lacks sufficient 

fines, and, in general, is a poorly graded mixture comparable to dune 

sand, as can be seen by observing the typical grading curve presented in 

Figure 11. The usual methods of stabiliZation of such a soil would in

volve the use of considerable quantities of clay and gravel, As clay and 

gravel are not always available locally, and as gravel type bases require 

oil agg-regate mats to produce satisfactory all-weather s=facing, it be

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

weather stabilized bases which when sealed or armor coated will produce 

con~oarable results to those obtained by means of gravel base and oil 

aggregate surfacing. 

Addition of FillB,. for Stability 

The first step in the stabilization of this soil with bituminous 

materials· 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 

inch. As silt is the most economical source of filler and is always avail

able locally, it was thought advantageous to use it in preference to more 

expensive types of filler. The effect of filler on bearing strength of 

Q-.cayling sand is well substantiated by the laboratory data plotted on 

Figure 12. It may be stated that the bearing test is an excellent method 

for predicting both in the field and the laboratory the suitability of a 
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sand or soil for bituminous stabilization. Erperience in the field indi-

cates that when the bearing strength is below 25 pounds per square inch, 

it becomes very difficult to support construction equipment and to obtain 

mixes having satisfactory stability; this was found to be definitely true 

by actually omitting the addition of filler on several sections. 

From what was mentioned in the aboye paragraph it does not follow that 

excess filler is advantageous, even though bearing strength will be higher 
' 

with excess filler. The economics of bituminous stabilization demands that 

a minimum of bituminous material be used. High fille:;- contents require 

more binder to produce mixes which will not be friable and. which will re-

sist the effects of abrasion from exposure to traffic prior to armor· coatiilg. 

Thus, it is of the utmost importance that the minimum of filler be 

established for the soil as well as the optimum amoUi"lt of bitumen which will 

be required for this amount of filler. This, of course points out the im-

portance of having close control of the amount of filler added in the field 

if best results are to be secured, and if the filler content is fotTI!d to be 

low on checking 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 so as to decrease the concentration of the portion to be stabilized. 

Therefore, once the minimum filler content is established, it is possible 

to determine in the laboratory the optimum bitumen needed for stabilization. 

Physical characteristics of the su1:grade prior to application of bituminous 

material are shown in Tables No.4, 5, 6 and 7. Information as to bearing 

capacity, gradation and moisture in sul:grade, and also fines added to the 

various sections are given, and bear out facts expressed in previous para-
! 

graphs. The stability of the sand-filler_ mixture was determined by the 

Florida sand stability test. 
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TABLE 4 

MC-2 Stabilizer Data Prior to Application 

Condition of Sand Soil 

. GR..IlDATION ~ 
. 

Bearing! Silt 
Sta. to Sta. Moisture Passing 10 Passing 50 Passing 100 Test Applied 
Total Section Percent Retained 50 RetainedlOO Retained 200 Passing 200 Lbs. yds/sta Remarks 

246-242 4.0 42.1 45.0 6.2 6.7 39 5 Normal filler content 

242-2:'$9 5.0 38.5 50.2 5.1 6.1 53 5 Normal filler content 

39.3 43,5 6,2 ll.O 45 10 -7 sta.221-219 extra 
filler 

230-217+50 4.0 45.4 45.4 4.2 5,0 57 5 --~sta,250-221 normal 
filler 

49.7 45.5 2.4 .2.4 19~ None -7Sta.219-217 no filler 
added 

217+50 2.8 58.5 50.5 4~S 7;2 42 None No~·mal filler content 
205+25 

203+25 
187+50 

2.2 47.2 40.0 5.2 7eS 39 None N orlll8.l filler content 

187+50 -) 7.8 40.4 46.5 
176 

6.4 6.7 42 None Normal filler content 

176-165 4.2 51.4 56.5 6,6 5.5 45 None Normal filler content 
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.. TABLE 5 • 

RC-2 STABILIZER DATA PRIOR TO APPLICATION 

""'"--~ 

GRADATION ! 1 Bearing Silt I 
I Sta. to Sta. Moisture Pass. 10 Pass 50 Pass 100 Test Applied I Total Section Percent Ret. 50 Ret. 100 Ret. 200 Pass. 200 lbs. yds/sta Remarks I 

' 
165-152 4.5 41.3 48.6 6.1 '5.:4 19 lii Normal filler content 

152~141 7.2 51.3 49.2 8.4 10.5 40 5 !formal filler content ! 

150--152 59.5 59.5 s@s 14.5 66 10 Double amount filler 

152-154 5.5 
' 

47.4 45.2 6.5 .2.8 22 None No filler applied 

141-154 57.1 45.7 7.4 9.8 45 5 Normal filler content 

150-ll9 5.0 45.5 41~2 7.5 8.0 62 5 Normal filler content 
c 

ll9-ll5+50 4.0 45.1 56.8 8.5 11.6 7.2 5 Normal filler content 

ll5+50-108 4.0 45.1 58.9 8.5 u.s 'l2 5 Normal filler content 

108-97 5.0 40.5 58.4 8.3 12.8 55 5 Normal filler content 

97-86 5.0 45.5 58.8 7G2 10.4 64 5 Normal filler content 

L/ ·' . -- ; . i,) '''-~ .;--
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T11J3LE 6 

AE-7 Stabilizer Data Obtained Prior to Application 

I. GRADATION Lbs. Silt 
Stet* to Sta@ Moisture Pass. 10 Pass. 50 Pass.lOO Bearing Applied 

Total Section Percent Ret. 50 Retc.:lOO Ret. 200 Pass, 200 Test yds/sta Reinarks 

5-8 8,2 61.7 18.4 5 !4· ov 7.6 54 5 Filler content normal 

8-19+50 7.7 58.1 52 .. 8 8 '2' ov 13.8 70 5 Filler content too high 

19+50-52 7.6 57.6 57e6 6.0 12,9 76 5 Filler content too high 

32-44 7.0 55GC 57&3 8.2 12<!!9 62 5 Filler content too ~~gh 

' 44-56 6$9 58.0 58"'5 lle5 12.0 65 5 Filler content too high 

56-68 7.,5 32e5 45o5 9.0 1500 64 5 Filler content too high 

68-80 7.7 156.0 47.0 6GE' 10e5 62 5 Filler content too high 

.",0. "'; 5 ~< -'>. ~_,· /1, ;' 
·~'·. 

{, ;j ,;; s.c (_•, 3 ! ~-· 
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TABLE 7 
• 

T-S Stabilizer Data Prior to Application 

I GRADATION 
.Bearing .. . ·Silt 

Sta. to Sta, ·Moisture Pass.lO Pass"50 Pass.lOO Test Applied 
Tot2.l Section Percent · Ret, 50 Ret.lOO · Ret; 200 Pass, 200 

. 
Ibs~ . jTCIS/sta Remarks 

80-83 10.7 55.2 44.4 7.7 14,7 65 5 Abnormally high filler content 

so:....ss s.e 34.6 46.9 8ool I 10.4 55 I 5 Abnorn~lly high filler content 

· .. 

·:.·· :::h •,' 
'•"' 
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Florida Sallil Stabilitv Test 

The sand is oven-dried to constant weight. Six hundred grams of the 

dried sand are• slightly dampened with 10.5 cc of water and mixed to uni

formity. The sand is placed in a cylindrical cup 5 inches in diameter by 

5 inches in height and given an initiG.l pressure by hand and then subjected 

to a pressure of 1200 pounds for compaction. The bearing plate is removed 

and a small bearing plate of exactly one square inch area is placed in the 

center of the cup on the surface of the sand. A load is applied to the 

bearing plate in a lever arm machine by 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 pounds per square inch is 

recorded. (The weight of shot is multiplied by 4 to determine the pressure 

per square inch on the sample as the lever arm has a 4 to 1. ratio,) The 

Florida SRD has adopted the requirement that the sand must have an untreated 

stability of 25 potlllds to be satisfactory for bituminous mix. 

OptimUJn Bituminous Content 

The principle involved in stabilizing sandy soils is based upon the 

faccll that the bearing capacity of a granular material l;ke sand can be 

greatly increased by sintply increasing the internal friction of the sur

faces of the soil particles with films of bitumen. The factor of cohesive

Mss produced by the bitumen enters the picture only from the standpoint 

whether or not our design calls for a traffic resistant base. Thus, a 

base which lacks sufficient cohesion might have excellent stability yet 

would abrade excessively if not sealed early enough with an armor coat. 

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

possible to withold a seal-coating until maximum curing of the mat is ob

tained. 
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In order to obtain the optimum bitumen content, mi.'<:es were prepared 

and specimens of varying bitumen and filler contents were made and were 

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

Hubbard and Field S.:J;_a,bi!,~:t.LTe~. Specimens were also tested under the 

effects of both capillary moisture and total immersion in water. Results 

· were plotted for each bituminous material as to ste.bility and absorption. 

From this data the optimum bitumen content was ascertained. Typical re-

sults are shown graphically in figure 13, JIIIa::d.ma on curves indicate proper 

amount of bituminous material, th.at is, when bituminous material is plotted 

against stabilit,y in pounds. 

It was found from the above laboratory work that the optimum bitcunen 

content for the following materials, T-5; JIIIC-2; and AE-7 were 6 percent, 

6 percent and 8 percent respectively. At the time of performing the labora~ 

tory work we anticipated using T-5 for an entire section, However, it de-

veloped later that we could not obtain sufficient T-5 material to do the 

work, consequently; R.C-2 asphaltic material was substitc1ted, The percentage 

of EC-2 used was approximately 4 to 5 percent. 

Upon the basis of the laboratory work it was possible to prepare spe-

cifications and instructions incidental to construction procedure, The 

specifications are incluned in the Appendix. 

CONSTRUCTION PROCEDUP~ 

The construction procedure for building a sand-bituminous stabilized 

surface consists essentially of three major operations; mixing operations, 

aerating or curing ,and consolidation and finishing. The three operations 

will be discussed in the order mentioned, 
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DESIGN 
SAND-BITUMINOUS MIXTURE 

MC-2 ASPHALT 

IO~a MINERAL FILLER 

2000,_-,--~--~---,--~---,----T---,---~--~---,---, 

I I I 

+= I - I Cued I 
1 6 oo __ \1 ----+- , / _ ~ ~--='Bii-'--1 o:_ct__:_t e-=--+-------+--------1 

I v 1~/\ 7-Cays I 
I I / ------- "" I I ! vv /7 -~, -- H---

1 -l: Cu ed \ I - ------r -T:Jtal trnrner$ioflT--
1200 

I--------i-----+-----:?f-<!""---- 1 -------- ----'.,.- st lotte·r 
~-------/~' \ 7-Cays 

1----+----<:~c~ - _.-/" / --- ~ \ ' --+-----1 

I ~ ~- Uncured 
---!---'-+------+- I To al In mer 1on 

o ---+----+~-"-"']"dl>---_~,~ ~- 1-1'' I . 
4,0 s,p 6p 7p s.o 9.o 

Percent Bituminous Binder M C- 2 
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Mixing Operations 

·Mixing operations include the incorporation of fines into the natUl·al 

soil to produce mechanical stability, the addition of necessary moisture to 

insure proper distribution of the bituminous materials, and the application 

of bituminous binder and subsequent miY..ing operations. 

Incorporation of Fines 

After the proper amount of silt had been spread upon the sand subgrade, 

it was intimately mixed with the sand. The mixing was accomplished most 

effectively by several passes of the Seaman Rotary Tiller which, when set to 

proper depth, produced a mix of silt and sand of a surprising degree of uni

formity. See Figure 14. 

Addition of Water 

A comprehensive study was Wade on the effect of water upon the mixing 

operation. T!o.is study revealed that a certain amount of water aids greatly 

the mixing process. Ho~1ever, successful results were obtained over quite a 

great range of moistUre contents, which seems to indicate that final con

clusions must be based upon durability of the various sections treated. 

Excess water is less objectionable with bituminous materials which are less 

prone to stripping action of water, this indicates that some consideration 

shotlld be given to this phase of the problem of stabilization with bitumin

ous materials. With aspraltic emulsion of the slow breaking t~-pe, some of 

the bituminous material may be washed out of the mix due to rainfall, actual 

extractions on mixes indicated that the losses are very low even under the 

severest rainfalls; hence, with emulsion.s as well as with other bituminous 

waterials, excess moisture is not objectionable if it can be evaporated b.Y 
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Fi5~re 14. Mixing silt into sand subgrade by means of 
the Seaman Rotary Tiller 

Figure 15. Sampling the subgra.de prior to application 
of bi tmninous rna terie,l. 
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aeration to give a mix capable of being compacted. 

An application rate of 0,5 to 0.6 gallons I'er square yard per i..>lch depth 

from a 1000 gallon distributor was found to be satisfactory for most of the 

bitumi..>lous materials, as the emulsion must be added m larger quantities, 

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

square yard per inch depth. See figures 15 and 16. 

Appl.:b_cation of Bituminous Material 

The data. obt,ained concerning application of the biturnin,ous materials in 

the field are shmrm m tables s, 9, 10 and 11. One factor which mnst be 

given consideration in the problem of application of the bitumixl.ous materials 

is tbat a systc.'ill of distribution be used which will not delay the continuous 

addition of the bitum:inous nw.terhl to the subg-i'ade withi..'l a pract:Lcal .length 

of time. The hauling of the bihmli.n.ous materials from a remote loadmg lo-

cation would require aux:Uiary distributors. Also, it is of prime importance 

that too large a ca.p_<tcity of distributor not be used unless sufficiently 

powered tractors are avai1~.ble to help pull the distributor through diffi-

cult sub5.tades. 

The 22 foot width base required that an 11 foot spray gar be used on the 

distributor. After each application of the bitUlllinous material; a spring 

tooth harrow or spike tooth dl'a.g was used for ixl.itial miring. Then final 

m:'lxing was accomplished by use of a disc !'.arrow followed by a patrol grader 

or bull dozer, ancl lastly followed by a rotary tiller, unt.il uniforroJ.y mixed. 

See figures 17, 18, 19, 20 and 21. Condition of the sand base and shoulders 
J 

limited mixing procedm·e, a 6 inch uncompacted or a 5 inch compacted depth 

was mixed ftlJJ., depthli' Although this contrEClic:ts methods used elsewhere, our 
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.Figure 16. Sand subgrade prior to application of bituminous 
binder. 

~igure 17. Application of bituminous material 
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. Figure 18. Initial mixing by means of a spring tooth type 
ef harrow. 

E.igure 19. Initial mixing with the spike tooth type of 
harrow. 
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TABLE 8 

MC-2 Stabilizer, Data Concerning Application 

' Moisture Actual No. -

Prior to Gals. ef No. Total Tota~ MC-2. per MC-2 
Total Sect. Application SO"F per Appli- of Gals. :Gals. 1.00 lbs. dry per 
sta.to sta. Percent syd./i:n.. caticns Feet 140"F so<>F sand, (lbs.) cent Remarks 

246-242 4.3 0.52 5 400 2600 2510 4.9 4.57 75% full depth, 25% used to en-
rich top 2". 
Top - 5.7% MC-2 
Bottom - 5.46% MC-2 ' 

. 

2~-230 5.0 0.52 5 1200 7825 7560 4.9 4.57 1.200 gal. tep 5-1/211 4.77% · 
661'!5gal. mixed full depth 5.65% 

250-217+50 4.0 o.so 5 1550 8500 8200 4.70 4.50 Full depth 

217+50 - 2.8 0.51 5 1.425 9200 8900 4.85 4.50 Full depth 205+25 

205+25 - 2.2 0.55 6 1575 11000 1.0,600 5"'2 4.84 Full depth 187+50 . 

187+50-1.76 7.8 0.57 5 11.50 8200 7900 5.5 5.05 Full depth 

176+165 4.2 0.57 5 I500 9150 8850 5.5 _5.05 Full depth 
--~~~-~ ---~-
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Aotus.I 
Moisture Gals. 

Total Sect. in sand · 60°F per 
sta. to sta. percent· syd./in. 

165-152 4.& 0.55 

152=141 7e2 o.s5· 

1.41.-:J-50 5.5 0.55 

150-119 5.0 0.55 

119-115+50 4.0 0.55 

115+50-108 4.0 O.l£5 

108-97 5.75 0.55 

97-86 5.0 0.55 

TABLE 9 

RC-2 Stabilizer, Data Concerning Application 

No. 
of No. 

Appli- of 
cations feet 

4 1100 

4 1100 

4 1100 

4 1100 

4 550 

-

4 550 

4 . 1100 

4 1100 

. - ~ 

Total 
Gals. 

'i'lOO 

7550 

7550 

7550 

5675 

. 

5675 

7550 

7550 

------

R0-2 per 
100 lbs.dry RC-2 
sand, (lbs.) percent Remarks 

4.70 4.50 Full depth* 

4.88 4.66 Full depth*. Sta. 144 to 141 
additional 400 gal. enriched 
:full depth 5.85#/100# 
5.5% RC-2 

4.88 4.S6 sta. 152-154 had no silt. Sta. 
150-152 had 10 yds/ sta. addi-
tional 950 gal. used to enrich 
top 

5.66 5.55 Bot. 75% RC-2 full depth 

6.11 5.75 Top 25% RC-2 top 2-l/2 inches 

5.66 5.55 Bot. 75% RC-2 full depth 
8.11 5.75 Top 25% RC-2 top 2-1/2 inches 

5.66 5.55 Bot. 75% RC-2 full depth 
6.ll 5.75 Top 25% RC-2 top 2-1/2 inches 

5.66 5.55 ' Bot. 75% RC-2 full depth 
6.11 5.75 Top 25% RC-2 top 2=1/2 inches 

5.e6 5.55 Bot. 75% RC-2 full depth 
6.ll 5.75 Top 25% RC-2 top 2-l/2 inches 

----~ ·- -----·-·· ------- ----·-- ------~-- ---------

*1800 gallons used to enrich reecarified brittle surface 
stations 165-144 

- 65 -
i::;.> ·~; 

'-;.' 

I 



TllBLE 10 

T-5 Stabilizer, Data Concerning Application . 

-
' ' 

ActuaJ: T-5 T-5 I - Moisture Gals. No. Number Total per 100 lbs. dry per 
Total Sect, in sand 60°F per of o:f' Gallons sand, (lbs,) cent Remarks 
sta.to sta. percent syd/in. feet Applications 60°F 

. 

I 80-85 lO.'l o.ss 500 5 2.50 8.25 5.9 Too much moisture 
. 

85-86 s.e o.ss 500 5 2.50 6.25 5.9 Too much moisture 
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Moist\l.re 
I 

Actml.l No. 
Total Sect. in sand Gals. of 
sta.to sta. percent 60°F per Appli-

- I syd./in. 1 cations 

5-8 8.2 ! .658 6 

I . 

8-19+50 7.7 .€:92 5 

I . 5 

! 
19+50-52 7.6 .678 

I I 
. ' 

52-44 7.0 .650 5 l 

I 
4~56 6.9 i .e5o 5 

56-68 7,5 .650 6 

68-80 7.7 .650 6 
" -- .. -- --- ··············-·· ------

TABLE 11 

AE-7 Stabilizer 

Data Concerning Application 

--- ,, 
Noll Total * AE-7 per AE~7 Bit. 
of Gals. 110 lbs. dry per per ! Feet 60°F. sand, (lbs.) cent cent Remarks 

500 4550 6.6 6.2 5,72 2850 full depth 
1500 el".rich top l-1/2" 

ll50 9680 6e4 6.0 5.60 7600 full depth 
900 enrich top 1-1/2" 

1150 10,150 6.7 BeD 
I 

5.78 7600 full depth 
1900 enrich top l-1/2" 

t 250 gal, u.sed to sweeten 
sandy spots. I 

1200 9500 5.7 5.4 5.24 7600 gallons full depth 
1900 gallons top 

--
1200 9500 5.7 5.4 3.24 7600 gallons full depth 

I 
1900 gallons top 

-
1200 11,400 7.2 6.7 4.02 Full depth 

1200 10,400 . 6.6 6.2 I 5. 'l'2 Fu.U depth .. 
l '.--- - --- - - --- ---- --- --------·· ------ --- --~------ ---~ - ----·· ··--------- ------ ----- -- ----------------~- -- -~-
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Emperiment shows that mix.ing ftlll depth will produce satisfactory m.1:.:es of 

a irery TLVliform chare_ct.erc. The disc h3.rrow aid.s greatly in getting the mix 

dmm to full dept.h, while the patrol grader or bull dozer aids in app~r:ing 

pressure on the mix so tlw:t the "oil balls" are broken up. The rotary 

tiller is especially adapted to ·the elimination of sand streaks sometimes 

formed when cl.iscing and other operatio11.s are 'lueing carried on to obte.in the 

proper depth. The rotary tiller also acts as an excellent mixing tool, as 

it kicks up masses of bituminous material and sand to the surface where 

t.hey can he further disintegrated by the use of' equipment which will impart 

pressure to the mix. However, it was foctnd that the rota~/ tiller was "the 

most effective as a :mL'ting tool when used with asph3.ltic emulsion. 

On some of the sec·tibns the top cotwse vras purposely en.rich8d., Thit:.1 

varied the mbcing procedu.:re somevtJhat only insofar as some of ·th(~ b:U!llTilin= 

ous m;:cterial was held b?.ck al"ld was applied later and then m.ixed in the 

top portion of' the, base only. This was f'ound to be poor practice where ·the 

binder gives sufficlt:::lTt. cohesiveness auc1 the asphalt residue is soft, as 

rut-ting m:=~y occu-r, as in the case of the mec1iuTit curing asphaltic oil'l' 

With rr1pid curing oil, for the amount Ui:.\t:d and th(~ r.1-pid o:ers.tion tU1der= 

gone, it was found necessl3.ry to enrich the top of the base to get a top 

S1Jrface which would h::nre proper cohesiv-e properties" In the case of tho?. 

asphaltic emulsion., it -rraG found -Ghat even with E.~nrichment, lack of" cohe

si'teness could not. be entiJ:·ely eliminatr?.d; this \vas partially due to ex= 

c\~;:;sive rai1'w encountered w:1d bad uesther for drying0 In ·'3.11 cases Gll.ffi..o.<o 

cient stability of base was obtt:l.in~zd with all bi tnirl...11.ous mB.tel"ials used a 
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C!JRTNG OF BI1'UMINOUfi !!I?TTJRI':S 

The most difficlJJ.t problem confronting the eng:L.""leer in the field in 

using cut.ba.ck oils is to ascertain when the bit.umi.nou.s m5 .. :rr is sufficiently 

cu:red or aerated fo1· compactio:n. Proper curing is very critical, because 

if the m:i.x is over cured, then it will be dry and dead and the p2.rticles 

of sand or· soil will not bind properly. On the othe1· hand, if the :mix is 

insui'fic:i.ently cured, t.he base vvill become w1s·Gable, thus resulting in dis-

pl2.cement and rutting of the roc~d surface., 

In order to remove the hazard of t:;-ue,ssing as to the deg-.cee of cu1. .. ing, 

a method used in NebrE-,slm. was adopted and used ln the field to determine 

the loss of volatiles from the bituminous .mixes which contained. cutbs.ck 

asphaltic oils.. A simple description of the test is given as follo·,7s; 

500 grams of the mix are weighed and "tTansferr·ed into a thousand cubic cen-

time-Ger roun:'! bottom, short neck pyrex flask, then approximately 350 cubic 

centimeters of water and 5 grams of' sodium carbonate are added to the ;flask; 

nexl:; a stopper is inseJ~ted into the neck of the flask and the contents of 

the flask are shaken thoroughly for 5 :minutes, an A.S.T.M. crank case dilu-

tion trap containing water is placed through a cork in "the neck of "the flask 

and a reflux condenser is attached to the top of the trap. The tip of thE' 

condenser is placed at the indentation in the trap. After the assembly of 

the apparatus, (see sketch figure 22) heat is applied so that a reflux rate 

from 85 to 95 drops per mimrte is ma:j.ntained • 

At the end of a 5 hour period, the heat is removed, and after 15 minutes 

the volume of distillate .flol'ti;ing on top of the water :i,n the graduated column 
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of· ·the trap is read. J,o:ss is calculated as percent of aeration. 

'ems e oil in mL"r = wt. of q_~,· 1,._.~ 
sp._ gr"' of oil 

% distillate recovered := c .c. dist. in tmp x 100 
c,.c., of oil in mix 

% aeration = A- B 
c 

. X 100 where 

A = percent distLUate in unaerated sample 

B = percent distillate in areat.ed sample 

C = percent distillate in unaerated mix 

With the other bit.·aminous materials whe:re the above -Gest could not be 

utilized, stability tests were used as a criteria fm· proper curing. The 

d.'lte. obtained in· the field on mixes prior to their compaction, includes 

moistu:t·e by th~ A"S ~T <I'M .. method, stability and percents aeration where 

possible to apply, and also bit1l1llen ccmt.ent by rotarE1x extraction. The 

datG. obtained from the various secti<:>ns of the Grayling project are pre=· 

sented :in Tables 12, ·15, 14 and 15. 

In a separate study, :investigation was ca:r,ried on in the laboratory to 

ascertain the effect of curing npon the stability of mixes. Controlled 

specimcms containing no moisture were made from mixes which werB allowed to 

cure to various degrees. These specimens were tested for stability, typi~ 

cal 'da-Ga is shown :in Figure 23 for MC-2. The effect of moisture upon the 

ste.bility of cured m:Lxes was also studied. Here it was fou.11d that when the 

proper amount of water was in the specimens and the specimens were compact.ed, 

ma:x:..i.mum. stability resu.li:.0d upon curing to conste.nt weight. See Figu.:r.e 24). 
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TABLE 12 

MC-2 Ste.bilizer 

Data Obtained on lfu~ Prior to Compaction 

-- -
Bitumen Water Distillate 

Total Section • by :Zxtraction. Stability .. ill mi:<t Recovered Aeration 
sta$ to sta., percent in poUnds percent c"'c" percent Remarks 

246-242 4.8 500 o.o 2.5 62.7 --- Top proper aeration 

D~S 200 0.8 2.5 39.6 --- Bottom insufficient aeration 

4.4 600 1.0 
242-230 

3.1 45.7 -- Top proper aeration 

5.6 200 1.6 2n~S 38.7 -- Bottom insufficient aeration 

250-217+50 4.!3 450 1.3 5.4 36s0 Insufficient aeration 

217+50 - 205-1-25 3.9 500 0,8 2.8 51.8 Proper aera·t.ion ' 
~ 

203-1-25 - 187-tSO 4,8 600 I 5oS 2.8 51.0 Proper aeration 

187+50 - 176 4.4 550 2.2 3.8 39.7 Insufficient aeration 

176-165 4.6 400 1.12 5.1 i 47.3 Proper aeration 
' --- - - -~ - --·- --- ~ .. - -----------·---- -
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T.!illLE 15 

_) 

RC-2 Stabilizer 

Data Obtained Prior 'Go Compaetion 

. 

I Total Section 
Bitumen Water Distillate 

by Extraction Stability in Mix Recovered Aeration 
Sta, to Sta. percent in pounds percent.· c.c, percent Remarks 

163-152 5.4 400 4.2 1.9 65.,5 
I 

I - " 500 4.0 1.4 75.9 o.~ 

152-141 
4.6 450 4.8 2.5 613.4 Station 144-141 enriched 

5.2 400 51112 2.2 Bottom 

l 
141-130 49.6 

I 
5.9 500 2.1 5.7 Top en1·iched 1 to l-1/2 inches 

I 150-119 4.9 450 5,1 2.'7 61,0 Top, 25% RC-.2 saved to enrich top 
' half of mat. ' 

119-113+50 4.4 450 2~5 2.,.9 58.4 Top, 25% RC-2 saved to enrich top 
half of mat. 

115+50-108 4.6 400 2.8 2e9 58e-1. Top, 25% RC-2 saved to enrich top 
half of mat. 

108-97 4.8 450. 

I 
1.2 2s6 66.7 Top, 25% RC-.2 saved to enrich top 

half' of mat. 

97-88 4.7 500 1.4 2.A: 65.5 2op, 25% RC~2 saved to enrich top 
' ha:Lf of mat. I -- -
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TABLE 14 

AE-7 Stabilizer 
0 

Data Obtained Prior to Compaction of Mix 

Water in I 
Bitumen Water Mi.~ when I 

Total Section by Extraction in·Sand Compacted Stability I 

Sta. to Sta. percent percent percent pounds Remarks I 
5-8 5.9 8.2 6.6 600 Friable mix I 

' 

8-19+50 5.7 7.7 7.5 400 Friable mix 

19+50-52 5.9 7.6 7.0 400 Friable mix 

52--44 5.1 7.0 8.7 500 Friable mix 

44-56 5.2 6.9 a.o 1100 Friable mix 

50-68 5.8 7.5 9.4 500 Friable mix 
' ' -

68-80 5&4 7.7 7.5 800 Friable mix 
-- --------- - --·----·--
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TABLE 15 

T-5 Stabilizer 

Data Prior to Compaction 

-

' ' T-5 
Sta. to Sta. Moisture by 1!::;;.-traction Bitumen Stability 
Total Section Percent percent Percent Pounds Remarks 

80..85 5.5 5.5 5SJ2 900 Mix unsatisfactory, too soft I 

I 85-86 5"'3 5~7 5.99 850 1~ unsatisfactory, too soft 
--·------'-· '----~ 
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/ 
Clamps~ 

Ring stand screwed 
to table top.· 

/Water outlet 

~Moisture !rap. 

~~ 500 mi. R.B. flask. 

-----1 }----· 
\ / ,/l../Can filled with sand 

........... .__,_../ 

~Stove or Hot plate 

Table top 

Sketch showing apparatus set·-up for moisture determination 
on bituminous aggregate. 

(A.STM. D 95-30) 
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THE EFECT OF AMOUNT OF WATER PRESENT 
ON MIXING 
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This data indicates that for an optimum bitumen content there must be 

a criM.cal moisture content so i!;hat mar.imum stability be obtained after 

compaction. 

In the field, aeration or curing is obtained by the use of the rotary 

·tiller or diBC. harrows. Thus, wee,ther conditions and temperature effect the· 

economics or cost of t]:l.is phase of the work. When weather conditions are 

proper, then the m:b:ing process alone mey be sufficient to produce proper 

aer9-tion6 However, curing is prima.rily a f1.mction of the type of bituminous 

m..1.t2rial U8ed !') 

- 78-



After a sa-tisfactory unifm"ill mix bas been obtained and the mix is 

sufficiently cured, the next .step in building the ste.bilized base involves 

compaction and finislling. This involves init.ial compaction which is ob

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

with a 5 ton tsndem roller. The sheepsfoot roller did not prove satis

factory for compacting the sand-bj.tuminous mixture, therefore, it was di,s

carcled after a few trialsq, 

Ini t.i?.l CO]lpaction 

Two different methods of compaction were used successfully. The first 

methoc1 involved the following procedure; a patrol g-rader was used to stra.ight 

bdge the completc;d mixl;=e to true grade and propel" crown; then this opera

tion was followed by rolling with a rubber tire roller at edges, worldng 

touard the middle to m'l.intain crovm of base; then any further defects caused 

by difference in packj.ng by compaction are corred;ed by patrol grader equip

ment, Finally, this is rolled with a rubber til•e roller once again. See 

Figu:re 25. The second method used was developed for ·the finishLng of J:D.izes 

which ordinarily would set up too rapidly and hence require that less time 

be spent in the finishing operation, as in the case of the rapid ClJring 

aspbal"tic oil. Tbree-fouxths of the ·~otal bituminous na-terial to be added 

iso thorcmghly mixed in and the base undergoes an initial shaping and patrol 

grader operatione Then the remainder of t.he bituminous material is added 

and mixed thoroughly; rubber tire roller followed by final shs.ping rlth 

patrol grader and float maLntenance followed by the rLlbber tire roller. 
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Final_CompactiQ!La,nd Fini shin.,g 

Regardless which.of the two methods mentioned above are used, tho 

final compaction and finishing can be secured by use of a 5 ton steel tandem 

roller., See figu:t"e 26.., Howev:;Jr, the UISe of the roller must be judicious, 

as in the case of medium curing asphaltic oil MC-2, it is necessa17 to wait 

until temperatures are down early in the morning, while in the case o:r other 

bituminou.~ materials whieh set up very hard it is better to roll when it is 

warmer. In still other cases, it might pay to forego finsl rolling until 

base has s·~ood and cured for 4 or 5 days. However, in any case, .the final 

rolling with a steel roller will be governed by the factors of temperature, 

stability of miJ,.i;cJre, climatic conditions, and molsture in the ba.se •. 

- 80 -



_figure 25. Compaction with rubber tired roller 

-Figure 26. Final compaction by 5-ton steel roller 
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§igure 27. Typical base after bit~uninous stabilization. 
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TABLE ~6 

Typical .Analysis of Tar, T-5 

General Characteristics • • • • • • • 0 

Water • , . . . . • • • • • • • 

. Specific Gravity, 25°/25° C • • • • • • • 

Specific Gravity, 15.5~/15.5° C •• • • • 

Liquid 

1.0 

1.1:54 

1,157 

Specific Viscosity, 40°C • , • • • • • • • 18.8 

Total dis·~illate by weight 

to 170"C • • • • • • • • 0.5 

• • • • • • • • 21.2 

to 500°0 • • • • • • • • • • • • • • • 28.7 

Softening point R + B°C • • • • • • • • • 57~C 

Total between cs2 • • • • , • • • • • • • • 95.12% 
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TABLE 17 

Typical Analysis of Asphaltic Materials 

CHARACTERISTICS 

Material 

Specific Gravity, 25°/25°0 

Flash Point 

Viscosity Furol, 60°C 

" 50"'0 

Distillation - 225~0 

515.5"0 

5so~c 

Oliensis Test 

Test on Distillation Residue 

Penetration 

Ductility 

Solubility in CC14 

Source 

' 

MC-2 

.975 

75°0 

199 

--
1.0 

18.0 

25.0 

Negative 

1'1'8 

110+ 

99.9 

Texas,Lockport 
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RC-2 

.966 

54"C 

---
525 

16.0 

25.0 

24.0 

Negative 

rio 

110+ 

99.98 

Lion, Eldorado Ark. 



RECOMMENDATIONS FOR BIT{ij!INOUS STABILIZATION 

From observations in the field, it becomes evident that :plant mix would 

give better result~> than those obtained by road mix. C~>ntrol of mixing op

~ration is difficult and the climatic conditions are such that some form of 

plant mix would be preferable, if consistent results in a whole construction 

season are to be obtained. When we consider that our gravel stabilized bases 

were road mixed and then later were as economically produced by plant methods, 

it becomes apparent that the more consistent results obtained by plant mixing 

should be applicable to bituminous stabilization with the same effectiveness 

as now obtained with gravel base stabilization. As the bituminous stabilized 

base is much auperior to the gravel stabilized base from the standpoint of 

all weather effectiveness and maintenance, it is recollllllended that plant mix 

methods be utilized on future projects rather than road mix where bUuminous 

stabilization is to be carried out. 

If road mix methods are to be always successful over the greatest varia

tion in climatic conditions, then the proper type of bituminous material will 

have to be devised. Thus, each bitlllllinous material has some merit yet no 

single material has the combination of qualities which would give the most 

ideal results. To elucidate further, the above stated fact, it is but necess

ary to compare the properties of medium curing MC-2 and rapid curing RC-2 

asphaltic oils as used in road mix stabilization. The MC-2 bituminous mat

erial reqtrlres considerable aeration to make a suitable base, as this aera

tion only proceeds at an economical rate when the weather is hot. It is 

evident that in cool weather manipulation costs become excessive and aera

tion may not be adequate. The RC-'2 bituminous material revealed that 
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aeration proceeds too rapidly for the speed of mixing obtainable with the 

equipment used, hence mix is too viscous and cannot be finished properly 

due to lack of workability, From this it can be seen that neither MC-2 

nor R~2 have the idea~ properties and each has at least one bad shart

oom:l.ng that is detrimental in its use as a stabilizing agent, In the case 

of ~7 asphaltic emulsion, although this material mixes with ease, it re

quires that a great deal of water must be evaporated in order to obtain the 

best resu~t; this becomes impractical in rainy weather or cool weather. It 

is, therefore, recommended that a mo11e suita.ble bituminous material for this 

type of bit\uninous road mix stabilization be devised, This might be done 

in one of two ways, that is~ one by the cutting back a heavier MC asphaltic 

oil with light volatiles, or by blending an RC asphaltic oil. with MC type 

of asphaltic oils, or possibly blending an SC oil with an RC oil. 

Another factor which will improve the present results obtained with 

the bituminous material as used at G.rayling is to improve the application 

methods. The best application is not to spread the bituminous material 

evenly over the subgrade, as this often results in a deficiency of bitumin

ous material at the edges which are inherently weak. Perhaps it would be 

better practice to spray a little heavier concentrated spray toward the 

edges and a lighter spray toward the center of the road where there is a 

tendency for over-lapping. The rate of application is affected greatly by 

the distance of the tank car to the point of application on the subgrade, 

hence it is advisable to have sufficient number of auxiliary tanks to in

sure rapid application. When it -is impossible to get the bituminous material 
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to the point of applicat:l.on fast enough, then the contractor should hold 

to a shorter working stretch, so that too much time is not lost in apply

ing the stabilizer. 

It is recommended that a close check be made upon the materials used 

by the contractor to build up the grade to meet the requirements shown in 

the plans. If convenient the contractor will use top soil or any sandy 

material obtainable from a banlc or field, as at 'Grayling where this work 
. __ ._,,,.,""'\\ 

was carried on most economically with Le Tourneau turniples. Therefore, if 
' / ~ ?7 'o·-,~··"' 

the materie~ should be full of frost heave or is very irregular in character 

there JliJa.Y be co:asiderable trouble involved in mixing and stabilizing the 

built up subgrade, and too high an amount of stabilizer may be required to 

obtain economical stabilization. 

It is advisable to keep ~:lose check on depth Gf subgrade stabilized, 

otherwise there may be considerable difficulty in getting the maximum value 

obtainable from the ambuni of bituminous material. This can best be done 

during the various stages of the mixing by the inspector or engineer, as once 

the pavement is compacted it is too late to correct the lack of depth requir-

ed without undue expense to the contractor. It is also recommended that some 

data be obtained in the future so as to predict what depth of subgrade has to 

be ste.bili.zed ill,. order to get a prescribed compacted depth of finished mat.; 

From time to time, field inspection should be made to ascertain from 

the data obtained at the time of construction as to durability of the various 

sections. In tP~S way, through field observations, it will be possible to 

make conclusions regarding the effect of different amounts of moisture and 

~ filler and other such variables in the field. 
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Results of laboratory tests using the Hubbard Field Method indicate 

that further improvement in designing mixes might be obtained if triaxial 

cell or stabilometer method could be applied. From a scientific point of 

view, the Hubbard Field method does not give all of the information, whereby 
, 

the stabilometer gives a more complete record as to design of mixes. 

Another important consideration in the bit\lminous stabiliroation problem, 

is the idea of producing more economic stabilization by enriching the top 

enough so that no armor coat will be required. This would be desirable if 

costs 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-

certain feasibility. 

It is further recomme~ded that stripping tests be developed to ascertain 

suitability of bitumen used in stabilization, as it is certain that a bitu-

ruinous material which will adhere to sand in the presence of moisture is to 

be preferred in road mix stabilization. 

Experiments should be carried on to ascertain the effect of freezing and 

thawing along with the absorption to ascertain percentage of wat~r which can 

damage stabilized base in conjunction with various bitl.lminous substances. 
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PART III 

CONDITION SURVEY 

Part II~ presents a compilation of cost data 

for the various types of stabilized surfaces on the 

Grayling PrOject, as well as the results of a con-

dition s111'Vey before and after cme winter in ser-

vice and a general summary of the whole project. 
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COMPILATiml OF COST DATA 

In the introduction of this report, the cost per square yard of each 

type of stabilized surface was mentioned, For the purpose of comparative 

study a more complete summary of the various cost items will be presented 

as follows. 

Soil-Cement Stabilization 

1898 barrels of cement 

.250,025 tons limestone dust 

10.5 tons silt 

198/1000 gallons water 

.85.9 station manipulation 

Cost of processing Sttrface 

at $2.20 

at 5.55 

at 2.75 

at 8.eo 

at 60,00 

Cost per square yard = $12,419.99 v 20,509 = 60-1/2¢ 
per square yard 

Surface treatment cost -

20,509 X 14.74 : 

Total cost of soil cement section 

Total cost per square yard for completed surface equal 
to 60,56 + 14,74 = 75¢. 

MC~2 Bituminous Stabilized Section 

54,595 gallons MC~2 

400 tons silt 

85.0 station manipulation 

Total cost of section 
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at $0.11 

at 2.75 

at 45.00 

$ 4175.60 

1557.84 

288.75 

1584.00 

5054.00 

$ 12419.99 

5025.02 

$ 15,445.1)1 

$ 5,985.25 

1,100.00 

5.755.00 

$ 10,818.25 



Cost per square yard = $101 818.25 - 20,289 = 55-1/5¢ 

No surface treatment. 

R.C-2 Bituminous Stabilized Section 

551051 gallons RC-2 

585 tons silt 

77.0 station manipulation 

Total cost of section 

at $ 0.15 

at 2.75 

at $45.00 

Cost per square yard= $11,677.78- 18,822 = 62¢ 

No surface treatment 

T-5 Bituminous Stabilized Section 

2800 gallons T-5 at $ 0,16 

29 tons silt ·at 2.75 

6 stations manipulation at 45.00 

Total cost of section 

Cost per square yexd = $957.75 - 1467 = 65-1/4¢ 

No surface treatment 

Jl:E-7 Bi t1Jlldnous Stabilized Sectio11 

?1,258 gallons A'E-7 

575 tons silt 

81.88 station manipulation 

Total cost of processing surface 

at $ 0.12 

at 2. 75 

at 45.00 

Cost per square yard = $15,258.91 - 20,015 = 66-1/4¢ 

Surface treatment cost 

20,015 X 14.74 = 
Total cost of section 
Total per square yard == 66.'24 = 14.74 = 81¢ 
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$ 7,154.05 

1,058. 75 

5,465,00 

$ 11,677.78 

608,QO 

79.75 

270.00 

957.75 

$ 8,548.56 

1,025.75 

5,684.60 

5,961.22 

$ 17,220.!3 
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Surface Treatment 

6,457 gallons T-5 at $ 0.16 $ 1,029.92 

14,502 gallons T-S at 0.15 2,145.50 

459.1 tons 26A at 4.00 1,856.40 

.228.6 tons 52A at 4.00 914.40 

400 gallons AE-2 at 0 ,.., ·- 48.QQ.. 

Total cost resurfacing $ 5,974.02 

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

It is interesting to note from the study of the cost data above that 

the total cost per square yard of any of the four ~ypes of stabilized sur-

face including surface treatment would approximate the cost of oil aggrega·~e 

constructions 
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Condition Survey 
December 5, 1941 

On December 5th, the stabilized send project at Grayling was inspected 

as to its service behavior. The entire cement and asphalt sections have 

been seal coated with the former sho.wing a good surface with few irregulari-

ties, The emulsion section shows up the traffic ruts wherever they were 

located originally .in the surface of the base course. Had it been sealed 

prior to the development of these ruts, the riding qualities would have been 

satisfactor<J. 

The tar stabilization was a complete failure and is being reworked and 

patched by the Maintenance Division. 

The stabilized area using RC-2 i:o too rough for a satisfactory method 

of low cost stabilization and there are indications that failures may de-

velop. It seems that this section will require reworking of the surface 

when weather permits with a slower breaking asphalt to permit a satisfactory 

surface fL"lish. 

The MC-2 stabilized sand bas all the indications of being an acceptable 

base treatment or seal coating, 

Summarizing the entire project the inspection shows that cement, MC-2 or 

asphalt emtllsion to be adequate for stabilizing sand from a service behavior 

at ·~his early date. 

Condition Survey 
April 281 1942 

A visual examination was made of the Grayling project in April 19421 , six 

mon'ths after completion of the project. The survey was made by F.R. Olmstead 

and E. A. Finney. The results of the examination are as follows: 



Asphalt EmulsioJ:L_Section, .AE-7, station 0+00 to 80+00 

In spite of adverse weather conditions during construction, the base 

seemed to be in ver,r good condition with the exception of a few rough spots 

in definite areas. The most serious condition at the present time is the 

progressive stripping of the surface treatment from the base course. It is 

apparent that the first stripping started where the surface material was 

picked up in spots ow the tires of passing trucks, This is clearly illus

trated in figure 28. A close examination reveals a definite lack of bond 

between the surface treatment and the base, It seems that the surface 

treatment was applied to the base when the base was wet. · Such a condition 

is not conducive to good bonding characteristics between surface and base 

course. 

Further maintenance on this section will be req~·ed this summer to 

recondition the surface. 

· Tar Section, T-A, station 80+00 to 86+00 

The tar section is the poorest surface of the entire project, The base 

in general is soft, lacking stability and consequently has rutted badly. Ex-

tensive patching operations have been necessary to preserve the existing sur-

face and insure safe" travel. See figure 30. The surface has started to ox-

idize badly. A physical examination of the material in the surface is nee-

essary to disclose reasons for existent conditions. 

Cut Back Aso~Alt Section, RC~~ station 86+00 to 165+00 

Extensive roughness and patching was observed in two locations of this 

section, The m:L-rlure itself appeared t0 be very hard, Rutting a-'ld patching 
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Figure 28. lieneral view AE-7 section with surface treat
ment. Note stripping of surface from base. 

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



<:::· 

Figure JO. General view of tar section patched throughout 
length. 

F~gure Jl. Close view of tar surface. 
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~l· was noted between stations 86+00 e~d 97+00. The area between 97+00 and 141+00 

appeared to be in good condition with but ·slight rutting in spots. The condi-

tion of the surface is illustrated in figures 52 and ~5. 

From· station 141+00 to 165 the surface was very r.;mgh and,.was apparently 

patched by the contractor last fall. Patching by the contractor would indi-

cate an attempt to rectify the results of poor workmanship during this part of 

the section, Sucl:r operations should not have been permitted, This particular 

section bas been repatched by the Maintenance Bivision. Surface illustrated 

in figures 34 and 35. 

~di~ Curing Asphalt Section, MC-2, station 165 to 246. 

In general, the section constructed with MC-2 asphaltic material varies 

considerably in its condition and appearance, The sttrface between station 165 

ta 187+50 seemed to be in very good condition wi"bh slight rutting in spots. 

The area between station 187+50 to .205 +25 was rutted to the ·extent that 

patching was necessary, See figur!"S 56 and 57. 

The area between station .205+25 to .217+50 appeared to be in good condition 

with the exception of one spot between station 207-203. This area contained 

longi·tud.iniJ,iL. cracking as illustrated in figure 58, an: evidence of mat dis-

placement under loads. 

The area between station.2l7+50 and 242 was in fair condition, smooth and 

had good riiling qualities. The surface is illustrated in figures 5.9 and 40. 

The section between station 242 and 246 constitutes the first art>a of 

sand-bituminous stabilization performed by the contractor, NaturallY, since 

tl:ris type pf work was new to everyone, a eertain amount of trouble should be 

expected from the first days run. The surface is, in general, fairly smooth 
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.Figure 32. General view of RC-2 section, st~ttion 119+00. 

f.igure 33. Close view of RC-2 surface 
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Eigure 34. General view RC-2 section, station 144-163. 
Light area at right is old patch by contractor. 

Figure 35. Close view of surface. 
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Fi~~re 38. MC-2 section, station 205. Note longitudinal 
cracking. 

Figure 39. MC-2 section, station 227. Note smooth dense 
surface. 
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however it is weak structurally because longitudinal cracking is in evidence 

and rutting has started. See figures 41, 42 and 45. 

Soil-Cement Section& station 246 to 529 

The soil-cement section was surface treated soon after construction, con-

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

cellent shape. The riding qualities of the surface are good and the surface 

treatment seems to have bonded perfectly with the soil-cement base. See fig-

ures 44 and 45. 

General Remarks 

When the project was set up it. was understood that the Maintenance Divi-

sion would assume the responsibility of st~ilizing the shoulders after comple-

tion of the stabilized· surface by the contractor. At the time of the condition 

Sc~ey, this operation had not been done and consequently a veT.Y potential 

' traffic hazard exists on the project. The line of demarcation between surface 

and shoulder is not clearly defined, The shoulder material is eo unstable 

that two wheels of a car onto the shoulder is sufficient cause to produce 

stalling of the vehicle or even more serious co;u.sequences under proper cir-

oumstancese 
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Figure 42. lteneral view MC-2 section, station 246. Surface 
poor, rut~ing. 

Figure 43. MC-2 section, station 246. Note longitudinal 
cracking. 
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Figure 44. General view, soil cement section surface 
treated limestone chips. 

Figure 45. Close view of soil-cement surface. 
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General Summary and Conclusions 

The purpose of the Grayling project was to study the feasibility of 

stabilizing a natural sand soil with different types of binders. From the 

standpoint of soil-stabilization practice, it has been definitely proven 

that sand soils are adaptable to stabilization provided adequate fines are 

added to produce a mechanically stable material prior to adding the binder, 

From the results of the study so far it is apparent that Portland cement 

is a very satisfactory binder for sand soils. Of the bituminous sections, 

the one containing MC-2 is apparently the best. The asphalt emulsion section 

was in poor shape before application of surface treatment. The RC-2 material 

is too rapid a curing material for road mL~ work. Under plant mL~ operations 

it may be ideal. !Uhough the tar section turned out to be the poorest sur-

face of the entire project, tar as a binder should not be condemned as a mat-

erial for stabilization work. It is believed that very good results can be 

ob'tained from any one of the following types of binders, asphalt emulsion, 

liquid asphalts and tars, provided that the proper grade and quantity of bin-

der is used, that sufficient and proper construction operations are performed 

and that the climB.tic conditions are suitable to the particular type of bit-

uminous binder used. Further laboratory studies are necessary to substantiate 

these facts. 

The possibility of using oil-aggregate plant equipment should be consider-

ed for producing a bituminous stabilized base course. Plant mix methods for 

this type of work should be as economical as gravel base stabilization. 
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The cost per square yard of processed su:r:fa.ce for each of the four sec-

tions is within the range of oil aggregate construction cost~. 

There is a tendency on the part of the contractor to attempt to process 

more road area per dey than his organization and equipment are capable of 

doing efficiently. Consequently, the work drags on into the night and the 

various processing operations are usually not carried out to completion. 

This practice is responsible to a great degree for the present condition of 

the vat.Wus soil-cement surfaces. This practice should be definitely controlled 

by some proper method, 

It was noted that the contractor on the Stockbridge project, as well as 

on the Grayling project drove heavy equipment on the soil-cement surface the 

day after construction. Qn the Grayling project, the contractor drove his 

water truck and power grader over the surface and th~ weight of the equip-

ment caused slight rutting of the surface. When the rutting of the surface 

was noted, the contractor was notified to remove his equipment from the un~ 

cured surface, It is recommended that no' traffic be permitted on a soil 

cement surface prior to completion of the curing period. 

Throughout the project, the edge of the processed surface was persist-

ently soft and difficult to compact. This was attributed to the lack of 

support to the processed sand ~ the unstabilized shoulder material. To 

overcome this situation, it is suggested that the entire roadway from the 

outside shoulder edge to the outside shoulder edge be mechanically stabil-

ized with fines before processing the traveled roadway. 

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

attached to the pneumatic roller preduced the best surface. 
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The quantity of fines in the mixture were kept to a minimum consistent 

with adequate stability of the surface and for workmanship. However,. the 

mechanical stability of the unprocessed material was not sufficient to support· 

the construe;tion equipment to the point where maximum efficiency in operation 

could be obtained. Therefore considerable delay and trouble was encountered 

in applying the water and bituminous binders. It is believed that sufficient 

fines should be ·incorporated into the sand to provide mechanical stability 

capable of supporting the processing equipment at least during the early 

stages of the work. 

It was planned to malce a physical survey of the various stabilized areas 

to obtain samples for laboratory analysis for the purpose of correlating de-

sign and const~~ction practices with the present condition of the road surface. 

This survey and laboratory work should be done this summer before the surface 

is sealed. 

The unsealed portion of the bituminous section should not be surfaced 

treated until late this summer. This elapse of time should allow the base 

to become thoroughly cured with the possibility that by proper manipulation 

the surface may be restored to somewhat its original condition without excess 

maintenanee. Thereupon it will be in better condition to receive the surface 

treatment. 

It was suggested to the Construction Division in September 1941 that the 

sand shoulders should be stabilized as soon as possible with clay or other 

suitable material in order to eliminate a potential traffic hazard. At the 

time of the spring inspection in April 1942, the work bs.d not been done. 
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PART IV 

APPENDIX 

The appendix eontains copies o~ 

the specifications which were used on 

the Grayling project, special corres

pondence concerning the surface treat

ment for the soil-cement and asphalt 

emulsion surfaces and the bibliograp~. 
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SUPPLEMENTAL SPECIFICATION 
FOR 

SAND-BITU!l!NOUS SURFACE ROAD MIX 

1~00 Generali 

This work shall consist of a surface course composed of bitl.Ullinous binder 
and sand, mixed in place on the proposed grade in accordance with these speci
fications and in conformity with the lines, grade, compacted thickness and ty
pical cross-section and location of each type of bituminous material shown on 

. the plans, or as directed by the Engineer. 

1.01 Composition of Mixture: The constituents of the surface course shall 
be combined in such proportions that, after complete mixing, the resultant mix
ture shall be hmnogeneous and all particles coated with bituminous material. 
The exact quantity of bituminous material shall be determined by the Engineer 
during the operations of applying·and ndl~ing and will depend on the cl~racter 
and grading of the aggregate material. The quantity of bituminous material shall 
be approximately .three-tenths (0.5) to four-tenths (0.4) gallon per square yard 
per· inch of compacted depth for tar; sixty-five hundredths (0.65) to seventy
:five hundredths (0.75) gallon per square yard per inch of compacted depth for 
cut-back asphalt; and six-tenths (0.6) to seven-tenths (0.7) gallon per square 
~d per inch of compacted depth for emulsified asphalt. The proportions shall. 
be varied, as directed by the Engineer. 

II li!ATERIALS 

The materials to be furnished and used, excepting those specified herein 
shall be those prescribed under the several items involved. 

2.00 Bituminous Materiais: 

(a) Tar used for the lllL"<lllg course shall conform. to Michigan State Highway 
Department 1940 specification, T-6. 

(b) Cut-back asphalt for the mL"dng course shall conform to the Michigan 
State Highway Department 1940 Specification, Asphaltic Oil, MC-2. 

(c) Emulsified Asphalt AE-7. This material shall meet the requirements 
of 1940 Michigan State Highway Specification with the residue from 
evaporation or distillation test penetration (25 degrees, 100 g., 
5 see) between 100-200. 

In the preliminary laboratory tests and in the construction of the sand
bitl.Ullinous surface road mix where Emulsified Aspl;lalt is specified, the Emulsi
fied Asphalt shall mix readily with the sand without separation, coagulation, 
breaking down or forming lnnps of asphslt. After mixing with sand H shall 
dry uniformly and rapidly without showing any tendency toward forming a skin 
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on the surface and the asphalt shall remain uniformly dispersed throughout the 
sand. The Emulsified Asphalt shall be homogeneous emulsion of asphalt and al
kaline water, manufactctred and stabili3ed with a total of not more than l-1/2% 
of emulsifying and stabilizing agents. It shall be miscible with pure water 
in all proportions and shall show no separation of asphalt after thorough mix
ing, within thirty (50) days after delivery, provided separation has not been 
caused by freezing. 

2.01 Mineral Filler: Mineral Filler shall meet the Michigan State Highway De
partment 1940 Specifi'cation for Mineral Fillers 5-MF. 

2.02 Water: Water shall meet Michigan State Highway Department 1940 Specifica
tion as described under 4.14.02 (b). 

2.05 Aggregate: The proposed surface material shall be sand, or a mixture of 
sand, gravel and mineral filler, in the proper proportions to form a dense mix
ture. 

III cmrSTRlJCTION METHODS 

5.00 Equipment: 

All equipment necessary for ·the proper construction of this work shall be 
on the project, in first-class condition, and shall have been approved by the 
Engineer before constructi.on will be permitted to begin. 

5.01 Equipment Requirements: The follovring equipment shall be required for 
the construction of a Sand Bituminous Road Mix: 

One bituminous pressure distributor - 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 patrol grader with a ten (10) foot blade. The number 
of graders shall be governed by the number of units of ether ·equipment 
in use. · · 

Three disc harrows - twenty-two (22) inch disc of an approved type for 
proper mixing. 

One 5-furrow gang plow - fourteen (14) inch bottoms, capable of plowlng 
to a depth of ten (10) inches. 

One 5-section spring tooth harrow with alfalfa teeth. 
Sufficient rubber tired tractors of the proper size and horse power to 

handle the equipment used. 
One sheep's-foot roller with ground pressure 50 to 100 pounds per square 

inch of tamper area, having tamping feet of 10 to 12 square inch area, 
One pneumatic tire roller. 
One five (5) ton tandem roller with provisions to ballast to eight (8) 

tons. 
fln approved heater for heating the blade of the grader, 
One retread mixing machine of an approved type (optional). 



5,02 Tri.mmi.ng and F:l.nishing Earth Grade: This work shall be done according to 
standard specification 2,15. Any additional soil or mineral filler needed shall 
be placed as the Engineer may direct and any unsuitable soil or material, in
cluding material retained on a 2-l/2" screen shall be removed by raking and re
placed wi'th material acceptable to the Engineer. 

Pulverizing: The subgrade shall be scarified and pulverized until 80% of 
the soil passes a ~To, 4 sieve. The materials slilall be mixed at the lllGisture 
content specified by the Engineer for a sufficient depth and width to give the 
compacted cross section as shovm on the plans. After completion of the rn:Lung 
operation, the subgrade shall be dragged with a spring tooth harrow, and all 
roots and foreign matter shall be removed. The subgrade material shall be 
shaped with a patrol grader having a twelve (12) foot blade until a uniformity 
of line and grade has been obtained to the satisfaction of the Engineer. 

3,03 Apulication of Water: When required, in order to assist in the mixing of 
the bituminous material and soil, the soil shall contain not less than apprmd.
mately the optimum moisture content at the time of mixing, If sufficient 
moisture is not present in the soil, water shall be added by means of an app-
roved pressure distributor and applied in such quantities and at such a rate 
as directed by the Engineer. The approximate moistm•e content, based on the 
oven~.r weight of the compacted mixture, required in the bituminous sand-mix
ture at the time of compaction are given below. 

-· 
Approx.C'.ry wt. Approx.moisture EsUma.ted mois- Approximate 

Station of compacted mix content req'd in ture of air water per 
From To wt./cubic foot compacted mix,% c1ry mix, % syd, gals. 

. 

0 117 117 9.0 0.4 5.2 -
117 122 125 9.0 000 5.4 

122 164 ll7 9.0 l 0,4 5.2 
- - . 

164 246 ll7 9.0 0.4 5ct2 
- . 

5.04 AppJying Bituminous Material: After: the subgrade has been shaped to the 
satisfaction of the Engineer, bituminous material shall be applied uniformly 
over tl:>_e road material by means of an approved mechanical pressure distributor 
equipped with spray bars capable of spraying the bituminous material uniformly 
over the entire width of the proposed surface, When applying tar, the tempera
ture shall be not less than 90°F and should heating be necessary for proper dis
tribution, the material shall be heated to not more than l50°F. 

No bituminous material shall be applied wren the air temperature is less 
then 60°F in the shade or when, in the opinion of the Engineer, the weather con
dition or the condition of the subgrade is unsuitable. Each application. shall 
consist of thirty-five hundredths (0.55) gallon per square yard, or as directed 
by the Engineer. 
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5.05 Manipulation: Mixing shall be done with an approved type disc harrow ·with 
a twenty-two (22) inch disc, 5-furrow gang plow and grader with twelve (12) 
foot blade. After each application of bituminous material, continuous mixing 
with harrow slmll follow, After approximately the specified amount of bitumin
ous material per square yard has been.applied it shall be continuously mixed 
with harrows for a depth of approximately two (2} inches, mixing with harrows 
over the entire width of the pavement shall be continued until a uniform dis
tribution of bituminous material is obtained through the two (2) inch treated 
depth, The two (2) inch tres.ted depth then shall be windrowed with a twelve 
(12) foot blade, from center to outside of edges of road surface, After wind
rowing application of bituminous material to the untreated subgrade shall be 
continued in the same manner until the full depth required for the compacted 
surface shown on the plans with the required optimum moistutre content and rich
ness has been obtained. This precedure shall be followed for mi::dng unless 
otherwise directed by the Engineer. 

Material that has been windrowed outside of edges shall then be pulled in 
and spread with the twelve (12) foot blade to a uniform surface. After material 
has been spread the entire surface shall be plowed to its full depth. · 

After plowing, application of bitiilllinous material shall continue as speci
fied in paragraphs 5.04 and 5.051 until the proper bitlilmen content lms been ob
tained or as directed U,r the Engineer. 

After a sufficient quantity of bituminous material has been applied, the 
mixing for the entire width and depth shall be continued to the satisfaction 
of the Engineer. 

5.06 Provision for Drainage of Base and Subgrade: During construction adequate 
provision shall be taken to drain all surface water from the base and subgrade. 
This shall be accomplished by lateral-ditches through the shoulders of the road, 
or by other equally satisfactory methods, The drains shall be located as dir
ected by the Engineer at all points necessary to provide proper drainage. Dur- . 
ing final compaction of the stabilized base course, the drains shall be filled 
and thoroughly compacted to the elevation of the shoulders. 

5.07 Preparing Mixture for Compaction: Prior to compaction, the. soil mixture 
shall be tested for moist1.1re content and the moisture adjusted to the specified 
amount, as directed by the Engineer. This may be accomplished eith..er by mixing 
in additional water or ey manipulating the mixture until excess moist1.tre has 
evaporated, whichever is reqlilired. 

5.08 Compaction and Shaping: After mct.~g has been completed, the surface shall 
be leveled with the twelve (12) foot blade grader to line, grade and cross-sec
tion, as shown on the plans for finished pavement. The soil mixture smll be 
thoroughly compacted by means of a sheeps-foot roller, starting compaction at 
the bottom and working toward the top until the entire depth is uniformly com
pacted to the greatest density practicable. l'>uring compaction, the mb:ture 
shall be disced and bladed to insure uniform compaction. After compaction to 
approximately mlf the depth, the disc harrows shall be removed and tb,e mixture 
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leveled and brought to proper cross-section by means of a pneumatic~tire patrol 
grader. Compaction shall continue to refUsal, as determined by the Engineer. 
When the sheeps-foot roller will not compact to the surface, the upper two (2) 
inches of the base course shall be loosened, shaped to the proper cross-section 
and compacted with an approved pneumatic-tire roller. 

5.09 Finishing and Rolling: After the pavement has set to the sat:l.sfaction of 
the Engineer, it shall be rolled with a pneumatic tire-roller, Rolling shall 
be done .. longitudinally, beginning at the edges and proceeding toward the center. 
After proper setting of the mixture, final rolling shall be done with a five 
(5) ton tandem roller, ·equipped with scrapers and water pads on the wheels to 
prevent picking up of the material. Rolling shall be done. longitudinally until 
a uniform compaction and smoothness has been obtained, and all tractor and 
other marks. are eliminated, 

5.10 Testing Surface with Straight Edge: The surface shall then be checked with 
a ten (10) foot straight edge laid parallel to the center 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 pavement and replacing with properly 
prepared mixt•1I'e and compacting to a density and uniformity to conform with 
the surrounding area, or b,y the addition of a properly prepared mixture, to 
the scarified SUl'face and compacting to a density and uniformity to conform 
with the surrounding area. Any corrective operations shall be made at the ex
pense of the Contractor. The method to be used shall be as directed by the 
Engineer. 

3,11 Measurement of Thickness: Dtu•ing various stages of construction, test 
holes or ~nches shall be dug by the Contractor as directed by the Engineer, in 
the mixtt1re to determine the thickness. After the bituminous road mix is 
completed, test holes or cross-sectional trenches shall be dug at int·ervala of 
not more than five hundred (500) feet, or at closer intervals if necessary. 
The average thicbless of the surface will be determined from measurements made 
on these test holes ortrenches and shall be within <me-half (1/2) inch of the 
thickness shown on the plans except that the thickness at any one place may be 
within tbree-qw.rters (5/4) of an inch of that shown oll the plans for surface 
constructed in one day, When the surface fails to meet the thickness limits 
the area to be corrected shall be eorrected either by additional rolling, by 
removing material from the pavement and replacing with properly prepared mix- . 
twe and compsc·~ing to a density and uniformity to conform to the surrounding 
area, or by the addition of a propsrly prepared mixture to the scarified sur
face and compacting to a density and unif'ormity to conform with the surround
ing area. Any corrective operations s~_all be made at the expense of the Con
tractor. The method to be used. shall be as directed by the Engineer. After 
rolling has been completed, the edges of the surface shall be cut to true line, 
and the shoulders and slopes dressed to the cross-sections shown on the plans, 
or as directed by the Engineer. 

5.12 Protection of Pavement: After the pavement has been completed, traffic 
shall not be allowed to use same until the pavement has set hard enough to 
eliminate rutting and cracking, 
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IY Opening of pavement to traffic shall be as directed by the Engineer. 
Sufficient waterproof paper or other mats approved by the Engineer should be 
on halld to protect the entire surface of the mixture following the placing 
ofthe bituminous material and prior to completion of the final compaction 
operation ~gainst the entrance of water into .the mixture due to rain. 

Any finished portion of the roadway adjacent to construction which is 
traveled by equipment used in constructing an adjoining section sha.ll be con
tinuously covered with building paper or equivalent and at least six (6) inches 
of earth or equivalent for area necessary during successive operations to pre
vent equipment from marring the surface of the completed work. 

5.13 Construction Limitation~ Bituminous material $hall be applied only to 
such an area that all the operations specified in paragraphs 5.041 5.05, 3.07, 
5.08 and 5.09 can be continuous and completed within the working day. 

IV METHOD OF MEASTJREMENT 

4.00 T;Limming and Finishing Earth Grade: 

Trimming and finishing earth grade will be measured in s·tations along the 
centerline. 

4,01 l\llanipruation: will be measured by stations along center line of Sand-Bitu
minous Surface Road lllix. No allowance will be made for any work done outside 
of the line~ established by the Engineer. The average thickness of the surface 
constrv.cted dm'ing one day shall not be less than 90% or more than 110% of the 
thiclmess shown on the plans, 

4.02 Bituminous Materials: will be measured by volume in gallons at a tempera
ture of 60"F. Volume conections will be made as specified Ul'lder Non-Skid Sur
face Treatment 4.06.05. 

4.03 Mineral Filler: will be measured by weight in tons, 

4,04 Water: will be measured in 1000 gallon units. 

V BASIS OF PAI1~ 

5.00 Trimming and Finishing Earth Grade: 

Trimming and finishing earth grade will be paid for at -~he contract unit 
price per station within the l~nits as provided on the plans or by authorization. 

5.01 Ma-~pnlation: will be paid for at the contract unit price per station whieh 
price will include pulverizi11g and miYJUlg before and after the application of 
bituminous material, shaping and compacting and final finishing and rolli>;.g and 
'all other items covered by these specifications not covered by contract unit 
prices. In addition, such price a~d payment shall be full compensation for all 
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equipment, tools, labor and incidentals necessary to complete all work des
cribed under the specification, excluding the bitunttnous material and mineral 
filler and the application of same. The completion of shoulders to the lines 
and grades shown on the plans will be considered part of this item, 

5.02 Bituminous Materials f~r ~kL~~ will be paid for at the contract unit 
price per gallo~ which price shall be payment in full for furnishing, heating, 
hauling and appzying. No increase in unit payment will be made for increased 
or decreased quantities of bituminous materials. 

5,05 Mineral Filler: will be paid for at the contract unit price per ton which 
price shall be payment in full for furnishing, hauling and applying the mineral 
filler. No increase in unit payment will be made for i_Dcreased or decreased 
quantities of mineral filler •. 

5,04 Water: will be paid for at the contract unit price ·per 1000 gallons, which 
price shall be payment in full for furnishing, hauling and applying water. 

No increase in unit payment will be made for increased or decreased quan
tities of water. 

SUPPLEMENTAL SPECIFICATIONS 
E.llli 

SOIL-CETh!ENT SURFACE 

1.01 Description: This item shall consist of a surface composed of a combina
tion of soil and Portland cement uniformly mi;ced, moistened and compacted in 
accordance with these specifications, and shaped to conform to the lines, 
grades, thickness and typical cross-section shown on the plans. In general., 
construction shall proceed as follows: 

(a) The soil in the subgrade shall be pulverized for the necessary depth 
and the full width to be treated with cement. 

(b) Portlsnd cement shall be uniformly spread and mixed with pulverized 
soil. 

(c) Water shall be added as needed with a pressure distributor and shall 
be uniformly incorporated in the mixture in the amounts required to 
attain the optbnum moisture content specified by the ~ngineer for 
the soil-cement mixtcrre. 

(d) The mixture shall be <OO!JIPSCted unif<:>rmly with sheeps-foot rollers in 
one con·Unuous operation. The mixture shall be compacted at the op
tbrrum moisture content and to the density specified by the Engineer. 

(e) After compac"bion is completed with the sheeps-feot rollers, the sur
face shall be shaped, water a(ided as needed and :further compac·ted 
and finished with a smooth-wheeled roller supplemented with a Jll11ltiple 
wheel pneumatic-tire roller or its equivalent. 
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The equipment used shall be in suitable operating condition and appr0ved 
by the Engineer. Equipment not satisfactory to the Engineer shall be :removed 
and satisfactor'J equipment supplied. 

1.02 Materials: The materials to be furnished and, used, excep·~ing those speci
fied herein shall be those prescribed under the several items involved. 

(a) Portland Cement: Portland cement shall be in accordance wi·~h 4,14.02 
of the Standard Specifications. 

Contractors, at their option, may use bulk cement, provided the appa
ratus for handling, weighing and spreading the cement is approved by 
the Engineer in writing. 

(b) Water: The water used in the construction of this surface shall be in 
accordance with 4,14.02 of the Standard Specifications, 

(e) Soil.: The soil fer this surface shall consist of the natural ma:terial 
in the roadway or selected soil and mineral filler which shall be app
roved by the Engineer. 

(d) Mineral Filler shall meet the Michigan State Highway Department 1940 
Specification for Mineral Filler 5-MF. 

1.03 Cons·~ruction Methods: 

(A) Equipment 

All equipment used in this work shall be of sufficient size and in such 
mechanical condition as to meet the requirements and to produce work of satis
factory quality. The design and construction of all equipment shall be approved 
by the Engineer before the work is started. 

1. Road mi:lt equipment - Blade machines shall be self-p01vered1 shall 
have wneumatic tires and shall be of approved design, so eenstruc·t.ed 
and maintained that they will properly spread and finish the soil 
cement mixture. Gang plows, multiple disc harrows and rotary tillers 
shall be so censtructed as to prevent any cutting of the subgrade 
during mi:ldng eperations, 

(B) Construction Procedure 

(a) Provisions for Traffic - The Contractor shall perform the work covered 
by these 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 completed surface. 

(b) Trimming and Finishing Earth Grade: This work shall be done accordi.11g 
to Standard Specification 2.15. Any additional soil or mineral filler needed 
shall be placed as the Engineer may-direct and any unsuitable soil or material 
including material retained on a 2-1/2 11 screen shall be removed by raking and 
replaced with material acceptable to the Engineer. 
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(c) Pulverizing - Prior to the application of cement, the soil to be 
treated shall be scarified and pulverized for sufficient width and depth to 
give the compacted cross-section shown on the plans. Pulverizing shell con
tinue until eighty (80) percent of the soil, by dry weight (exclusive of gravel 
or stone retained on a No. 4 sieve) shell pass a No, 4 sieve, and the soil shell 
be manipulated until the percentage of mois·bure ·in the soil does not exceed by 
more then two (2) the percentage of moisture specified by the Engineer for the 
soil-cement mixture before compaction, The length of subgrade scarified and 
pulverized at any time shell not exceed the length which can be completed in 
accordance with this specification in two (2) working days except by permission 
of the EngL11eer. 

(d) Application of. Cement- The pulverized soil sl~ll be shaped to the 
approxim.<tte cross-section shown on the plans and the specified quarrbity of 
Portland cement required for the full depth of treatment shell be uniformly 
spread over the sttrface in one operation in a manner satisfactory to the Engineer, 
Portland cement shell be applied at the rate of 0,09 bar1:als per square ya~d of 
colllpleted surface five (5) inches tl!rl.ck. However, the Engineer may direct that 
the rate of application be decreased to not less than 0.07 baJ;"rels or increased 
to not more than 0.11 barrels.per square yard of cempleted surface five (5) 
inches thick. ~To equipment except that used in spreading or mixing shell be 
allowed to pass over the freshly spread cement until it is mixed with the soil 
as specified under Manipulation. 

(e) Manipulation - 1, Road Mix Method - Immediately after the cement has 
been distributed it shall be mixed with the loose soil for the specified full 
depth of treatment. Care must be exercised that no cement is mixed below the 
desired depth. MixL'lg may be accomplished with gang plows,.disc harrows, ro
tary tillers or other implements approved by the Engineer and shall be continued 
for as long a period of time and repeated as often as may be necessary to insure 
a thorough, unlform and intimate mi:.'< of the soil and cement and until the result
ing mixt'l'lre is homogeneous and mrl.form in appearance. The mixture shell then 
again be shaped to the lines and grades shovm on the plans. The soil-cement 
mixture shall not remain undisturbed between the mL~ing and compaction operations 
for more than thirty (30) minutes. 

(f) Applica-bion of Water - Immediately after lllixing of soil and cement is 
complete, the moisture content of the soil-cement mL"Cture shall be determined 
by the Engineer and, if required, water shall be ~niformly applied in such 
quantitles and at such a rate as directed by the Engineer. The approximate 
amount of water required, based on the O'Ven-dry weight 'of the compacted mixt11re, 
required to construct the surface will be approximate 7.2 gallons per syd, from 
station 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 contract unit price will be considered because of variation in 
the amount of water used, A water supply and pressure-distributing equipment 
shell be provided which will permit the continuous application of all water 
required on the section of roadway being processed within three (5) hours. 
Each application or increment of water shell be partially incorporated by gang 
plows, disc harrows, rotary tillers or other implements approved by the Engin
eer so as to avoid concentration of water near the s11rface, After the last 

- 119-



I 
( 

( 

[ 

increment of water has been added, mixing shall be continued by using gang plows, 
disc haiTQWS, rotary tillers or other implements approved by the Engineer. This 
equipment shall be of sufficient size and capacity to distribute the moil'ture 
uniformly throughout the full depth of the mixture distribution in one (1) op
eration. Particular care shall be exercised to insure satisfactory moisture 
distribution along the edges of the section, When water spreading and mixing 
is completed, the percentage of moisture in the mixture, on a basis of dry weight 
shall not vary from the specified optimum percentage of moisture of the mixture 
by more than one-tenth (1/10) of the optimum percentage of mixture. This speci
fied optimum moisture shall be that prevailing in the moist soil-cement at the 
time of compaction and will be determined in the field by a moisture density 
test (A.S,T.M. Designation D 558-40 T) on representative samples of soil-cement 
mixture obtained from the roadway toward the conclusion of the mixing operations. 

(g) Compaction - Prior to the beginning of compaction, and as a continua
tion of mi;;d.ng operations, the mixture shall be thoroughly loosened for its full 
depth and tben shall be uniformly compacted with a sheeps-foot roller. Compac
tion shall begin at the boUom and shall continue until the entire depth of 
soil-cement rrdL~ure is unifo~mly compacted to the density specified by the 
Engineer. The approximate density (or densU:l.es) as based on the oven-dry 
weight of compacted mi::d;ure, required in the surface is from 120 to 155 pounds 
per cubic foot. The density, based on the oven-dry weight of the compacted 
mixt>tre, specified for the completed roadway by the Engineer during construction 
will be determined by a moisture-density test (A.S.T .N1. Designation D 558-40 T) • 
shall be toot,:pre:vailing .in the moist soil-~emen·t at the time ef compaction 
and shall be run LU the field on representative samples of soil-cement mixture 
obtained from the roadway toward the conclusion of the moi.st mixing operations. 

The sheeps-foot rollers used for compaction shall have tamping feet of ten 
(10) to twelve (12) square inch area and capable of applying fifty (50) to one 
hnndred (100) pouncls per square inch. The unit weights shall be computed by 
considering the entire weight of the roller being carried by one transverse row 
of feet. The ra·~e of operation and number of rollers shall be sufficient to 
compact uniformly the section of roadway being processed for the specified 
width and depth within two (2) hours. 

~-fter the mixture 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 loosen any impri:ats left by the compacting gr shaping eq
uipment, until a surface mulch of not more than one (1) inch in thickness is 
obtained that contains the specified optilmlm moisture. The resulting surface 
then shall be thoroughly rolled with pneumatic-tire rollers of the size speci
fied by the Engineer and smooth-wheel tandem rollers having a gross weight of 
five (5) tons with provision to ballast to eight (8) tons. When directed by 
the Engineer, surface finishing methods may be varied from this procedure pro
vided a dense uniform surface, free of surface compaction planes, is produced. 
The moisture content of the surface material must be maintained at its specified 
optimum during all finishing opera·tions. The surface compaction and finishing 
shall be done in such a manner as to produce in not over two (2) hours a smooth 
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closely 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. 

(h) Protection and Cover - Sufficient waterproof psper or other mats app
roved by the Engineer shall be on hand to pro-tect the entire surface of -the mix
ture following the placing of the cement and prior to completion of the final 
compaction operation agains-t the entrance of water into the mixture due to rain. 

At any tiJlle when there is freezing temperature and in all cases after 
October 1, there shall be available a sufficient amoun-t of clean, dry straw or 
hay to cover at least 2500 lineal feet of pavement and as ~ch more as may be 
necessary for pro·~ection according to these specifications. 

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

After the roadway has been finished as specified herein it shall be pro
tected against rapid drying for a period 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 4.14.03 (t) of the Standard Specifications. 

Any finished portion of the surface adjacent to construction which is trav
eled by equipment used in const:r'1ll:,ting an adj'~g seetion shall be con"l;inuously 
covered with building paper or equivalent and at least six (S) inches of earth 
or equivalent for area necessary during successive operations to Jil\l:'®Vent equip
ment from marring the surface of the completed work. 

(i) Construction Limitations - Cement shall be applied only to such an 
a1•ea that all the. operations specified in paragraphs (d) to (g) inclusive, can 
be continuous and all but final surface finish completed within six (S) hours 
after the beginning of water application to the thoroughly mixed soil-cement. 
No cement shall be applied when the percentage of moisture in the soil in the 
subgrade immediat~ly beneath the pulv~rized material exceeds the optimum mois
ture content specified by the Engineer for that particv~ar soil or when the 
percentage of.moistttre in the pulverized soil exceeds the optimum moisture of 
the soil-cement mixture by more than two (2) percent, Wlilen any of the opera
tions, after the application of cement, are interrupted continuously for mere 
than thirty (50) minutes for any reason, or when the uncompacted soil-cement 
mixture is wetted by rain so tl1.at the average moistttre content exceeds the 
tolerance given in paragraph (f') • the entii'e section shall be reconstructBd in 
accordance with this specification. 

(j) Weather Limitations - During seasons of probable freezing temperatures, 
no cement shall be applied unless the temperature is at least forty (40) degrees 
Fahrenheit in the shade and rising. 

(k) Opening to Traffic - The Contractor will not be permitted to drive 
heavy equipment over completed portions, but pneUlllatic-tired equipment required 
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for constrt1cting adjoining sections may be permitted after the surface has 
hardened sufficiently to prevent the equipment marring the aurfaee, provided 
protection and cov<>r specified in paragraph (h) are not impaired. Completed 
portions may be opened to traffic after the seven (7) day's protection speci
fied in paragraph (h), provided the surface has hardened sufficiently to pre
vent marring by traffic. 

(1) Tolerance in Density and Thickness •:_ The density of the soil-~ement 
roadway vdll be determined by the Engineer after each day's construction. Any 
portion which has a density of five (5) pounds or more below that specified by 
the Engineer shall be removed and replaced to meet this specification. 

The thickness of the soil-cement roadway will be determined from measure
ments of cores drilled from the finished roadway or from thickness measurements 
at holes drilled in the finished roadway at intervals not to exceed 500 feet. 
The average thickness of roadway constructed during one (1) dsy shall be within 
one-half' (1/2) inch of the thickness shown on the. plane~ except that the thick
ness at a.ny one place may be within three-quarters (3/4; of' an inch of' that 
shown on the plans. Where the average thickness shown by the measurements made· 
in one dayls construction is not within the tolerance given above, the Contrac
tor will be required to reconstruct this G1ay 1s work at his o:wn expense. 

(m) Maintenance - The Contractor shall be required to maintain at his own 
expense the entire roadway within the limits of his contract in good condition 
satisfactory to the Engineer from the time he first starts work until such work 
shall have been completed and accepted. Mainteaance shall include immedia.te 
repairs of any defects that may occur either before or after the cement is 
applied, which work shell be done by the Contractor at his own expense and re- . 
pested as often as may be necessary to keep the roadway cotltinllonsly intact. 
Repairs are to be made in a manner to insure l"estoration of a uniform surfa.ce 
and durability of the part repaired. 

1.04 M,t!thod o~ Measurement: Trimming and Finishing Earth Grade will be measuxed 
by length along the centerline of the road in stations of one hundred (100) feet, 
between the limits as provided on the plans or CrJ authorization. 

Cement will be measured in barrels, to be applied as provided on the: plans 
or by authorization. 

Mineral Filler will be measured by weight in tons. 

Water will be measured by volume in thousand (1000) gallon units as provided 
on the plans or by authorization.. 

Manipulation will be measured by length along the centerline of the road 
in stations of one hundred (100) feet. 

.!..05 Bas:!u?. of Pament: This work shaH be paid for at the 
for the following items, which prices shall be full payment 
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materials, equipment, tools, labor and incidentals nec.essa.I"J to complete the 
work and for carryil'l.g out the maintenance provisions in this specification. 

If additional gravel, sand or clay is required for preparing the founda
tion, it will be paid for at the contract or authorized unit price per cubic 
yard for Earth Excavation, with overhaul allowance. 

Cement will be paid for at the contract unit price per barrel delivered 
on the project. Payment will be made only for cement ineorpora·ted in the work. 

Water will be paid for at the contract unit price per thousand (1000) 
gallons and shall be full payment for providing and spreading on the roadway 
the water required to produce the moiat\tre content specified for the soil-cement 
mixture and for wetting the protective cover on the completed su1•face. TJ:l.is 
price shall not include any costs incurred in the mixing the water with the 
soil-cement. No increase in unit payment will be made for increased or decreased 
quantities of water. · 

Ma.;"lipulation will be paid for at the contract mrlt price per station which 
'Price shall be full payment for ptllverizing the roadway, for handling, hauling 
and spreading cement, mixing the cement with .the pulverized soil., mixing the 
water with the soil-cement mixture, compacting the mixture, surface finishing, 
placing proteetive cover on the roadway, including all costs of labor, equip
ment, supplied and all ·other items covered by these specifications except for 
these items on which separate contract unit prices are required. The comple
tion of shoulders to the lines and grade shown in the plans will be considered 
part of this item. 

Mineral Filler will be paid for at the contract 'Wlit price per ten.· whl.ch 
price shall be payment in :t\111 for furnishing, hauling, and applying the mineral 
filler. No increase in unit payment wUl be made for increased or decreased 
quantities of Mineral Filler. 
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The following :l.s a copy of a le·~ter directed ·bo Mr. H.C. Bacon, District 

Engineer from J.G. Schaub, Engineer of Construction and Operations, dated 

October 17, 1941, concerning the patching of bad areas snd the application 

of a seal coat to the asphalt emulsion section of the project. 

"This is to advise that it will not be possible to remix the top inch of 
the asphalt emulsion experimental section on the above noted project b,r the 
addition of mere aspr~lt emulsion or bw the use of a slew curing oil. It 
wottld be too late to get delivery on asphalt emulsion this year. We have 
checked with the Trumble Refining Company at West Branch and find that they 
are not operating and they are =certain when they will be in production again. 

"The other recourse is to patch the ruts and depressions in this particu
lar sect.:!.on With some kind of a cold patch mixture and then cover it with a 
seal coat. This work would have to be carefully done and the holes and de~ 
pressions will have to be painted with an asphalt emulsion in order that the 
patcl!ing material will stick to t~e surface. 

"I !lave been advised by the contractor, Mr. Wm. Hodgkiss, that there is 
some CP-1 cold patch mixture in stockpile about five miles west of Gaylord. 
The emulsion required for treat.ing the :patched areas can probably be secured 
from the General Paving Company who are using emulsion for tack coat on the 
~!anton resurfacing job. 

"If a single seal is placed on the eighty-th.:~.•ee stations of the emulsion 
secM.on at the rate of 25/100 gallon per square yard, it would. require a 
little ower 5,000 gallons. Mr. Hodgkiss has contacted the Lewis Tar Company 
who are willing to release· one car of T-8 tar, but they will not ship less 
tban s,ooo gallons and tbat will probably !.lave to be shipped in an 8,000 gallon 
care 

"Due to the porous nat1.u·e of the existing emulsion sw.'face, you may find 
that fJ/10 gallon per square yard will not be excessiv-e, in which case the 
6,000 gallons wottld be about right. If you find that the ~mrface will not 
carry over 1/4 gallon per square yard, the surface treatment can probably ex
tend a little ftll~her on to the next section ttntil the material is used up. 

"We have authorized Mr. Hodgkiss to order the tar prime and to proceed 
with the cold patch repairs as outlined. We have estimated that the cover 
material should he about 25 pounds per square yard of 26-A or 26-B chips, 
which he states he will be able to obte.in. This amount can be adjusted acc
ording to the needs after the surface treatment work gets Wider way. 
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11Will you kindly arrange with Mr. Claud Yockey for the release of the 
CP-1 cold patch repair material, . and we will try and work out some method of 
paying for this material or replacing it. 1\lso, advise the Project Engineer, 
James Sco·tt, regarding this proposed work and forward the necessary authori
zations covering the materials and costs to this office as soon as possible," 

- 125-



.... l .•.•. · .. · ... ·· 
.. . 
I 

' 
BIBLTOGRAPHY 

1"' nRecent Developme11ts in the Design .. and ConstJ•uction of Soil anc1 Emulsion 
Road l!ffi,nures", C:.L. McKesson,· Highway Research Board, Volume 20, 1940, 
pages 863-864. 

2. 11Bitumuls-Sand !ll:ixes", A. W. Mohr, Technical Paper, No, ,g, _1\.merican 
Bi tlUJmls Compsny. 

3, "Basic Prindples and Economics of Subgrade Stabilization", E.F. Kelley, 
Association Asphalt Paving Teclmolog:tsts, Volume 9, December 1937, 
(Memphis), 

4, "Stabilizing Sandy Soils -· Practice Developed in Florida", H.C. '!leathers, 
Association Asphalt Paving Technologis·ts, Volume 9, December 1957, 
(Memphis). 

5. 11Ste,hilizing Sand Soils - Practice Developed in Nebraska", A.C, Tilley, 
Association Asphalt Paving Technologists, Volt1me 9, December 1937, 
(Memphis). 

611> 11 Soil Ste.bilization Using Cutbacks as Bindex·s", J "C. RoBtiger and E .. W~ 
Klinger, Association Asphalt Paving Technologists, Volume 10, Jan1llli-y 1959. 

7@ "Discussion of Test Methods for Soils Stabilizationn, Communication 1:m~ 
published report; Sheel Oil Company, E.H. Spotswood, TJ .A. Ende1·sby and 
T .. K~ Miles. 

8. "Gravel Esses for Bituminm.-s Surfaces", J .G. Schaub, Michigan State 
Highway Department, Ann Arbor Highway Conference, February 16, 1940. 

9, "Soil Cement Roads", Construction Handbook Portland Cement Association,. 
Chicago, Illinois. 

10. "Detailed Laboratory Procedures for Tests on Soils and Soil Cement·M:i.x
tur·es", Portland Cement Association, Ch:i.cago, Illinois 

- 126 -


