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ABSTRACT

This publication includes the results of four field experaments conducted in
Il1linoas, Kansas, Nebraska and Arkansas to evaluate the efficacy of bituminous
cover materials in retaining moisture in soil-cement for seven days following
construction. An MC-2, a negative Oliensis spot MC-3, and RC-1 andan asphaltic
emulsion were used. These field tests show that these bituminous cover materials,
(1) were effective i1n retaining moisture in the soil-cement, (2) when permitted
to penetrate the soil-cement produced inferior surfaces, (3) could be maintained
as a surface blanket without penetrating the soil-cement by providing a suit-
able moisture condition 1n the surface of the soil-cement at time of bituminous
application, and (4) that similar field research data is needed for other grades
and types of bituminous material commonly used for prime and tack coat work on
bituminous construction and for the various grades of tar products commonly
used for prime and tack coat work. The data also shows that failure to prevent
molsture evaporation losses in soil-cement, as occurred on the test sections
where no cover was used, will produce undesirable inferior soil-cement surfaces.

1v



REPORT OF COMMITTEE
ON SOIL-CEMENT ROADS

CARL R. REID, Chairman
Pennsylvania Turnpike Commission

The work of the Soil-Cement Committee
during the past year consisted of obtain-
ing the cooperation of constructing agen-
cies on field tests of the efficacy of
bituminous materials in retaining moisture
in soil-cement immediately after construc-
tion. Datawereobtained and submitted by
H. W. Russell, Engineer of Materials,
Illinois Division of Highways; R. D.
Finney, Engineer of Materials, Kansas
State Highway Commission; G. F. Swatek,
Materials Engineer, Nebraska Department
of Roads, andP. M. Zander, City Engineer,
Little Rock, Arkansas. This investiga-
tion did not include data to show the
relative efficacy of the bituminous mat-
erials or other cover materials such as
waterproof paper, moist hay, straw or
earth. None of the agencies used tar and
the committee hopes this gap will be filled
in 1949. A summary of these reports fol-
lows:

PURPOSE OF INVESTIGATION

Soil-cement like other structural
materials using portland cement, needs to
be protected against rapid drying im-
mediately after construction and during
the early hydration period.
materials have been used successfully to
provide suitable moisture retaining
cover. The materials used have included
waterproof paper, moist straw, earth,
hay and sawdust and bituminous materials.
The use of the latter materials is in-
creasing. This 1s primarily due to the
fact that they are easily and quickly
applied and apparently are quite effect-
ive moisture retainers. In many instances

A number of -

they serve not only as the moisture re-
tentive cover but as a tack coat for the
subsequent bituminous surface course.

Therefore, field test data are essen-
tial in determining whether the efficiency
of bituminous materials as moisture bar-
riers 1s sufficient to justify their use.
Experience has shown that soil-cement
roads require and are built to have a
surface that hardens intoa durable struc-
tural material to which the bituminous
surface can be bonded. It is important
therefore that field test data include
information on the effect of the bitumin-
ous cover material on the quality of the
soil-cement surface with which 1t comes
into contact.

TEST PROCEDURES

The test projects were divided into
three major divisions as follows:

I. To determine efficacy of bitumin-
ous material in retaining moisture.

II. To determine most desirable methods
of preparing the soil-cement surface for
the application of bituminous materials.

III. To determine any influence the
bituminous material mght have on the so1l-
cement surface.

Field tests were similar, except in
minor detail, for all projects. The pri-
mary data consisted of moisture deter-
minations at locations having bituminous
cover present and at adjacent locations
without cover. The determinations were
made daily for seven days in a top layer
3/4-in. thick and in a second 3/4-in.
layer immediately below the top layer.
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The bituminous material was applied im-
mediately after surface finishing of the
soil-cement, special note was made of the
texture and moisture condition of the sur-
face of the test areas at time of ap-
plication of the bituminous material and
to the adhesion of the bituminous material

ILLINOIS

The data from Illinois was obtained
on a road project 3.78 miles long, built
by R. A. Cullinan and Son, Freeport, Il1.,
representing 32,517 sq. yd., 6 in. thack,
in Mason County, Illinois. It was built
during July and August, 1948. An MC-2
was used as a moisture retaining cover
and specifications are given in Table 1.

Soil-cement construction was carried
out by mixed-in-place methods using heavy
duty equipment featuring rotary speed
mixers. A cement content of 9 percent by
volume or 0.405 bag per sq. yd. was used.

TEST CONDITIONS

The test data for both covered and un-
covered conditions were obtained at three
separate locations. Tests started the
day of construction, July 8, and ended
July 15, 1948. Each of the three test
locations consisted of a rectangular
strip of roadway, parallel with the center-
line of the soil-cement and consisted of
a covered and uncovered section each about
three feet square separated by about two
feet of roadway. Two of the test loca-
tions were near each other at Station 128.
Test Area I, at Station 128, was located
adjacent to and on the east side of the
centerline of the eleven foot soil-cement
widening. Test Area II, at Station 128,
was located at the east edge of the 11
foot soil-cement widening and adjacent to
the existing concrete paving. The thaird
location, Test Area III, was located at
Station 143 at the west quarter point of
the 11 foot soil-cement widening approxi-
mately two feet from the outer edge of

to the soil-cement during test and at the
end of 7 days when tests were discontin-

ued.

The following test results and conclu-
sions apply only to the specific conditions
reported and bituminous materials used.

DATA

the soil-cement.

Throughout the test period of 7 days
the weather was generally clear and warm.
There were several light showers. Rain-
fall was estimated on the job and other
weather data were obtained from the Weather
Bureau located at Peoria, see Table II.

The soils at the test areas selected
were loamy sands containing no material
retained on a No. 4 sieve. They were
quite similar to two samples lifted and
tested in the laboratory to determine the
control factors to be used during the
construction!, The “Summaries of Tests”
obtained for these soils are listed in
Table III and IV.

At Test Area I and III the moistare
content of the soi1l-cement at time of
compaction was at about field optimum,
and compaction produced corresponding
maximum density. Surface finishing pro-
cedures particularly were in conformance
with good construction practice--tight,
dense surfaces containing the optimum or
more moisture were obtained.

Test Area II which was adjacent to the
existing concrete pavement was located in
a short, narrow strip of soil-cement hav-

l“Met’.hot:l of Wetting-and-Dryang Test of
Compacted So1l-Cement Mixtures”, ASTM
Designation. D 559-44; AASHO Designation

T 135-45. *“Method of Freezing-and-Thaw-
1ng Test of Compacted Soil-Cement Mix-
tures'’, ASTM Designation: D 560-44; AASHO
Designation: T 136-45. Also see’ Soal-
Cement Mixtures, Laboratory Handbook”
published by the Portland Cement Associa-

tion.
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TABLE 1
SPECIFICATION FOR MC-2 CUTBACK ASPHALT

115.30 ASPHALT: MC-2 This material shall be a medium-
curing cutback asphalt consisting of a petroleum resi-
duum fluxed with a suitable distallate. It shall be
free from water, show no separation on standing, and
shall conform to the following requirements:

(a)

Flash point (Cleveland open cup), not less

than . 150 F.
(b) Viscosity, Saybolt Furol, at 140 F.,
seconds 100 to 200
(¢) Disti)llation test-
Distillate, per cent by volume of total
distillate to 680 F.:
Distillate to 437 F., not more than 10
Distillate to 500 F. 15 to 55
Distillate to 600 F. 60 to 87
Residue from distallation to 680 F. per
cent volume by difference, not less
than . 67
(d) Characteristics of residue from distillation
test:
(1) Penetration at 77 F., 100 g., 5 sec. 150 to 300
(2) Ductality at 77 F., (When the pene-
tration at 77 F., 1s between 150
and 200), not less than . . . . . 100 cm.
(3) Ductility 1n centimeters, at 39.2 F.,
rate 1/4 cm. per minute, not less
than 1/10 of the penetration at
70 F.
(4) Bitumen soluble in carbon disulphide,
not less than 99.5 %
(5) Spot test Negative

pleted soil-cement that included the three
Test Areas. These applications of water
were made in order to saturate the soil-
cement surface with water just prior to
the application of the MC-2. The differ-
ence in time of water application is also
the difference in time of completing
final' finishing. The surface of Test
Areas I and III did become saturated to
the degree that free water was present

ing a surface moisture content about three
percentage points below optimum at the
time surfacing finishing was completed.
As a result of too little moisture, the
surface finishing did not produce as
tight and dense a surface as was obtained
1n Test Areas Iand III where the moisture
contents were at optimum or above.

Five hours after surface finishing was
completed on Test Areas I and II, and two

hours in the case of Test Area III, a
total of about 0.40 gal. of water was
applied per sq. yd. by two trips of a
pressure water distributor to the com-

on the surface. Test Area II on the other
hand quickly absorbed all the water ap-
plied and did not become saturated. Just
after this moisture was applied 0.26 gal.
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TABLE II

WEATHER DATA

t
Relative Total Wind
Temperature, 24 Hour
Humidaty Veloczty
Date Degrees F. Rainfall,
at Noon, at Noon
Max. Min. Per Cent Inches moh
(Estimated) P
7/8/48 87 65 56 0.00 7
7/9/48 88 64 43 0.00 7
7/10/48 920 70 63 0.02 4
7/11/48 88 68 65 0.05 10
7/12/48 88 71 61 0.03 7
7/13/48 89 71 60 0.25 6
7/14/48 71 66 86 0.00 9
7/15/48 79 65 94 0.00 8
SUMMARY OF TESTS ON SOIL AND SOIL-CEMENT MIXTURES
Soil-Cement Labonbry Form Shect No 13 PORTLAND CEMENT ASSOCIATION , State... INlinais
Date tests compl 1-23~48 SOIL.CEMENT BUREAY County . _.._Mason
GRADATION - por cent of total ] RGANIC USPRA
NUMBER Gravel Sand, | St | Clay, | Collords.* PHYSICAL | QRS L sp gr | Vint
State  |Retaned| No 4 | 20 |075| 005 | 605 | 0001 TEXTURAL coneiivts | som grou
or on to to to 10 to to CLASS (s01l soil
Locat No 4 No 10 10251005 0005 | 0000 0000 emermrmerms commrs e .. | MOPtar) | mortar | mortar)
sleve | (20mm) mm {mm | mm mm mm LL|PL]SL x
M~ Coapan Saod FRIIREE]
___§9]|:I mortar ot?lj Q 5# 2 "'—i" T '%f'u; lncll:dod in clay i
““Pius No 4 matenai Absorption by dry weight..... ..... % Bulkspeciticgrawty _........ eveeu....RESULTS OF TESTS ,
TESTS ON MINUS NO 4 MATERIAL Recommended Lohl —— 9_:_0_‘?;
“WMOISTORE:BENSITY RECATIONS [ "*="""" COMPRESSIVE STRENGYRS 2 1b Jaain o~ ; 1-comont contont, © ins §4 0.t
-_0;‘_;\-::;1%0 i Opl 7”:1'" e - :lge » when te !cnoJ days - T 'l;":‘:"u‘:’:’o:g::'“‘;m Iﬂ':.:.'ﬁ"m- é
content, cu wo mn eigl H
Camant Wﬂ_‘i‘li by volume - %, X Cemenl con(en( "by volume 5 = _ _"_"i h‘?g;‘xﬂdd"x‘m Al }':I‘:‘l.;—“ r
0 ]5,6/9.5{ 0 1 561 9.5 6 | 10 10 6 1T 7a H 2
U YN TN NS TENCY TURCN m..]..us....J._.m .L 228010 :

Type of
Y”Re

monlturv-danuty curve
gular.

**Cylindncal specimens 2° du and 2° ht.
submerged n water 1 he before testing.

? mhlnmmdmddmvmlpmnﬂddmnt
DATA FROM SPECIMENS TESTED TWELVE CYCLES IN ASTM WET-DRY AND FREEZE-THAW TESTS

CEMENT CON DENSITY, MOISTURE CON. TOTAL SOIL | MOISTURE CON- | MAX. MOISTURE 3
TENT % by th./eu TENT, B by SOLIDS SS, %oof 1 VOLUME CNANGE TENT FOR SAT.
volume, oven-dry wt. oven-dry wt. by onginal TION, % by abovo or below
e, dry --;M. i mol wlumc oven dry wt. saturaton,
Theo- Ob- Theo- Ob- Theo- b Ay T oo e
reti tained, | roti tuned, | reti. taned v wET |FREEZE., WET DAYV | FAEEIE THAW| weT- EE2E. | WET. | FREEZE-
e cal Av al Av cal Av ORY | THAW ;“#iie™) Minsa | Plus T Minus | ORY | THAW | DRY THAW
Yol b€ 91 6.0 13,8 3.2 1.2 £ | Hot
Minua g ¥ W u " . n . olded No. 1|Specisens Npt Molded
Yotal "§ 8.0 8.) i115.0 N14.6 116.8 |10.7 &6 |
M_"'.'".!‘?._ L] g 1] C] () ] ] 8 19
ol ™ §739.0 130.1 116,10 1117,0 | 10,4 | 10,2 70 | Not
Minus §4: L] n ) n [ - L] 7
Yotal & |
“Minus “' e 1
ro ls In potnts above (+) or below &-) morsture contsnt for saturation
Note quantity ol matara) Retaned on Ho % steve'- thown wnier "GRAD TION
Type of so'l.ccment losses USDA,BofPl,Salseres. oo o . PCA Soif No 508
{Decreasing) $8waxtyx Soil honzon. oce No
Color of moist sil.. . brown J—

Remark

ng tocation.duns_sand taken from ro

R S ion 1rs0 h 1T,

Field Project No .1516_.__
Project PAS

Table III.
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SUMMARY OF TESTS ON SOIL AND SOIL-CEMENT MIXTURES
Soil-Coment Laboratory, me,mm E] PORTLAND CEMENT ASSOCIATION Stato. Illinola
Date tests completed 1% SOILCEMENT BUREAU County.aseR oo
GRADATION - per cent of total
ORGANIC USPRA
NUMBER Gravel, Sand. | it | Clay, | Collowds,e PHYSICAL | CONTENT,| Sp soil
State Retained No 4 20 {025 005 o& 0.001 TEXTURAL CONSTANTS 9( m of grouj
or on to to | to to to to CLASS sotl soi) (sot
Local No 4 No 10 [025]005| 0005 | 0000 0000 mortar) | mortar | mortar)
siove |(20mm)|mm [ mm | mm mm mm LL | Pl |SL N
2 0 0 ss 119 | 14 12 o Sandy loan| 16..1..1} 2 £5.. LA
" Soll mortar only [ 'y ] » . " » ®Also included in clay
Plus No & matenial Absorption by dry weight_..._..__. % Bulk specific gravity. _........ RESULTS OF TESTS
TESTS ON MINUS NO 4 MATERIAL Recommended ~ Lolz:llu_“__l:n.&
“WMOISTURE-BENSITY RECATTONS [ """ COMBRESSIVE STRENGYRY b fsqin o¢ """ ':":"" con! Tota)
Opt. mossture Opt. density, Ago when tested - days e dontomt I\;mu;'ﬂ—m'
content, % \ b /eu ft Two T Seven T Twenty-eight ] T Total.. 3 |
Cament content by volume - 95 Cament conterd by volume - % ‘ :ial;:lr‘a't:ryd rye':'l.ty. o
Té.100.2] 0 | 611102 6 {10 | 61 10 1 61 10 *
..... 0, 5.100.4.1 Bzasbaal —ae Az ass Tawe L.zl . .l34...

Typo of moisture-denarty curvo
-doongiex

*sCylindncal cpacimens 2° dia and 2° ht.
nh"n‘u-’?lnuml?u before tasting.

DATA FROM SPECIMENS TESTED TWELVE CYCLES IN ASTM WET-DRY AND FREEZE.-THAW TESTS

Designate which cement content controls.
?Tﬂnﬁlnfddmﬁﬂﬂﬁmnﬂlmmm

CEMENT CON- DENSITY MOISTURE CON- TOTAL SOIL MAXIMUM MOISTURE CON- | MAX. MOISTURE S
TENT, % by tb./eu.ft TENT, % by SOLIDS LOSS S of VOLUME CHANGE TENT FOR SAT- parcentage
oven-dry wt. oven-dry wb by origy of URATION % by above o¢ below
b o5 on dry weight wolyms. oven-dry wt. sxtaration.
oo | o | e | e % | waea, | A" [wer. |Freeze-| WET-DRY [FREEZE.THAW| WET. | FREEZE. | WET. | FREEZE.
o Av o Av - Av ORY | THAW | ~#ise— T Minue | Bius 1 Minus | DRY | THAW | DRY | THAW
Yotal & 6.0 €.0 §120.5 |120.1 | 10,5 | 10,9 12 Rot
“WMinus 34 [] ] . [] ] ) . 91
Totsl & 8.0 8.0 |123.9 ]120.4 | 10.5 | 10,7
Winus g4, ¥ ] » » o " ] 2
Yol ¥ 10.0 9.9 112),.% 9 1 10,5 1 AL 2% Bot
WMins B8, * © -‘ " o a "
Total &
Winas §4:
axiernssn moisture b expressed i sbove below () molsture contant for saturation.
‘#m quantiy of materiat 'Mr:d on Mo, M.Mn &;’:"‘GMD&T'@N"

Typo of soil-cement losses
ingdx (Steady)

R e e

SDA,B of PI, Soil se

PCA Sol No.— 5206 ..
Spedi No.

Field Pro)soct No A576 .
(I T P—

Table IV.

per sq. yd. of MC-2 cutback asphalt heated
to 150 F. was applied. See Figure 1.

Coverage by the MC-2 on the soil-cement
was complete with some slight runoff on
local high spots. This runoff did not
occur on the test areas.

Moisture samples weighing about 150
gms. each were lifted from a 0-3/4-in.
depth of the 6-in. base and samples from
a 3/4-1%-in. depth were also taken at the
same location. 'They were lifted by using
a hammer, chisel, and a spoon and were
placed 1n sample cans having a tight fit-
ting cover. Samples were weighed and
dried to constant weight at approximately
110 C. Test holes were subsequently
patched with hand mixed so1il-cement and
covered with moist burlap. From three to
four moisture semples were taken each day
fron both covered and uncovered areas at
each of the three locations. The first
samples were taken immediately after final
finishing and a second set were taken
immediately before the application of the
MC-2 cover. Every day thereafter for 7

Figure 1.
north of Test Areas I and II.

Surface after MC-2 application
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days, similar moisture samples were lifted.

Additional samples from 0-5 in. were
lifted from Test Areas I and III on the
first and last day of the hydration per-
10d. See Figures 2 and 4. Time did not
petmit taking a full depth moisture sam-
ple representative of Test Area II.-

tively during the period of test, for
Areas I, II, and III indicate that the
cover material was quite effective in re-
taining moisture. This is shown by com-
paring the moisture content curves of
test areas “with” and “without” cover.

See Figures 2, 3 and 4. It should be
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Figure 2.

DISCUSSION OF TEST RESULTS

Moisture Data

The moisture data obtained from the
samples at the selected test sites were
tabulated 1n Table V and shown graphically
in Figures 2, 3 and 4.

The field optimum moisture content was
estimated at 10.3 percent for the soil-
cement at all three test areas.

General

The drop in moisture contents of the
top 3/4-1n. beneath the cover material of
0.9. 0.8 and 1.5 percentage points respec-

noted that light showers occurred the
second, third and fourth days and that a
heavy shower fell on the fifth day. This
moisture undoubtedly materially decreased
moisture losses, particularly from the
uncovered areas.

It 1s indicated that the moisture
changes that did occur were probably due
to, (1) moisture used for cement hydra-
tion and which cannot be driven off with
the 110C. temperature used to dry moisture
samples (2) moisture migrating from sur-
face portions, where 1t was concentrated,
to material at greater depth, and (3)
moisture vaporizing and leaving the soil-
cement through the bituminous cover.

For soils of this type, research has
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Figure 3.

shown that the cuantity of water taken up
by cement hydration during 7 days, and
which cannot be driven off by the 110 C.
temperature used to dry the moisture sam-
ples, 1s likely to be about % of one per-
centage point. Complete hydration of
cement over a long period of time on the
other hand would reruire about %-gm. of
water per gm. of cement.

Since % percentage point of the con-
tained moisture is used for cement hydra-
tion during this seven days, the total
moisture loss given above for the three
respective areas beneath the cover became
0.4, 0.3 and 1.0 percentage points.

Moisture migration 1s involved in these
remaining moisture differences. It should
be noted that the moisture content of the
surface portion of the soil-cement was
built up during final finishing so that
1t was above the field optimum moisture
content and higher than that of the under-
lying material. In addition, on this
particular section sufficient water was

added so that saturation was obtained on
the surface material on Test Areas I and
JTII and some free water was present, on
the surface, when the MC-2 was applied.
During the hydration period, particularly
the first dayor two, there was a tendency
tor this extra surface moisture tomigrate
downward and to become distributed for
full depth. This 1s evidenced by the
moisture content data beneath the cover
at Test Areas I and III which shows a
decrease of moisture during the first 24
hours of 0.9 and 1.2 percentage points 1in
the top 3/4-in., material. Test Area Il
showed a decrease of only 0.3 percentage
point of moisture the first 24 hours for
the top 3/4-in. beneath the cover, but,
as previously noted, the surface portion
of this Area had no free or surplus moisture
and contained, at time of cover appli-
cation, about two percentage points less
than optimum moisture.

It will be noted that the vertical
migration losses, plus the hydration
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losses, previously mentioned, on these
test areas are greater than the total
moisture lost during the 7-day test period.

The moisture losses also include any
that may have taken place through the
cover. It is evident, since the probable
hydration and migration losses are great-
er than the total losses, that 1f there
were losses through the cover, they were
quite small.

The fact that any losses through the
cover were quite small is further borne
out by the following. At Test Areas I
and III where the moisture content be-
neath the cover was high originally, the
moisture contents of the 0-3/4-in. mat-
erial remained higher throughout the 7-
day period, than those of the 3/4-1% in.
material. The opposite is true at [est
Area IT where there was penetration by the
MC-2 into the soil-cement. Apparently
there was a small loss of moisture through
the cover at this point notwithstanding
the fact that the original moisture con-

tent was considerably below optimum and
that there was no free surface water pre-
sent. Also of significance in this re-
spect 1s the gain in moisture at Test
Area IT beneath the cover, apparently due
to the 0.25 in. rain that fell during the
night. This indicates transmission of
moisture through the MC-2 cover when the
residue of asphalt 1s not a definite film
but rather a thin mat consisting of soil-
cement and asphalt. .
Moisture samples representing a depth
of 0-5 in. were taken from Test Areas I
and ITI at the beginning and end of the
test period. The moisture contents
obtained at these depths beneath the cover
showed no loss of moisture during the
7-day period. However, similar moisture
samples taken representing a depth of
0-5 in. from uncovered areas showed ap-
preciable loss of moisture during the 7-
day period notwithstanding the additional
moisture added from several showers dur-
ing that period. This comparison brings
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TABLE V
DAILY MOISTURE CONTENTS*®
Test Area I, Test Area II, Test Area III,
0-3/4 in. 1/16-3/4 in. 0-3/4 1n.
Date Moisture Contents Moisture Contents Moisture Contents
MC-2 Cutback No MC-2 Cutback No MC-2 Cutback No
Asphalt Cover Cover Asphalt Cover Cover Asphalt Cover Cover
% % % % % %
1/8/48} 11.0 11.0 7.3 7.3 12.9 12.9
7/8/482 11.9 11.9 8.3 8.3 13.5 13.5
7/9/48 11.0 9.7 8.0 - 12.2 10.2
7/10/48 11.1 6.6 7.6 - 11.9 6.8
7/11/48 10.8 6.7 7.3 4.5 12.5 7.1
7/12/48 10.3 5.5 7.3 - 11.8 5.1
7/13/48 - - - - - -
7/14/48 11.0 6.2 8.1 - 12,2 9.6
7/15/48 12,1 6.0 7.5 4.3 12.0 10.2
Test Area I, Test Area II, Test Area III,
3/4-1% an. 3/4 - 1% an. 3/4-1% in.
Moisture Contents Moi1sture Contents Moisture Contents
MC-2 Cutback No MC-2 Cutback No MC-2 Cutback No
Asphalt Cover Cover Asphalt Cover Cover Asphalt Cover Cover
% % % % % %
7/8/48! 10.5 10.5 8.4 8.4 12.3 12.3
1/8/482 10.8 10.8 8.2 8.2 12.6 12.6
7/9/48 10.3 9.8 8.0 - 12.2 10.9
7/10/48 10.5 8.3 7.7 - 11.8 8.8
7/11/48 10.2 8.1 7.5 6.4 12.2 8.9
1/12/48 9.9 1.7 7.5 - 11.4 7.8
7/13/48 - - - - - -
1/14/48 10.2 7.9 8.5 - 11.9 9.6
7/15/48 11.2 7.2 7.8 6.2 11.8 9.6
*Average of 4 tests.
Samples were taken after final finashang.

Samples
asphalt emulsion cover.

out further the ability of MC-2 cover to
retain moisture.

It is concluded that the MC-2 cutback
asphalt cover served adequately as a
moisture barrier by retaining practically
all of the moisture in the soil-cement
during the 7-day hydration period.

Observations on MC-2 Cutback Asphalt
-Daily 1nspections showed no penetra-

were taken after moisture application immediately before application of

tion of the MC-2 into the soil-cement in
Areas I and I1I where free water was pre-
sent and the moisture content of the soil-
cement was at optimum or above. In Area
II, built with less moisture content than
optimum, there was penetration of MC-2 in-
to the soil-cement to a depth of 1/16-in.
However, observations made on areas out-
side the test sections which were surface
dry at time of MC-2 application showed
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penetrations up to about % in.

By the end of the sixth day, on Test
Area I and III, the MC-2 had cured out
sufficiently so that 1t could be walked
upon without picking up. If it had been
necessary to open the section to auto-
mobile traffic during the 7-day hydration
period, sanding to blot up the MC-2 would
have been necessary. On Test Area II,
where the MC-2 penetrated into the soil-
cement, 1t could be walked upon with but
slight pickup after the first 24 hours.

From the first day of application the
MC-2 adhered firmly to the soil-cement on
Areas I and III. It became more firmly
attached each day and on the last day of
test it was removed only after consider-
able work by scraping with a knife. In
Test Area II, the MC-2and penetrated mat-
erial formed a 1/16-in. “mat” that could
be removed easily from underlying soil-
cement.,

At Test Areas I and III the soil-cement
directly beneath the MC-2 had hardened
noticeably the day following canstruction
and the hardness increased daily. It was
particularly noted that the soil-cement
immediately beneath the cover was as hard
as the soil-cement at greater depth.
This observation reinforces the conclusion
that the MC-2 retained sufficient moisture
in Test Areas I and III for adequate cem-
ent hydration.

At Test Area II, asmentuoned previous-
ly, there was inadequate moisture incor-
porated during construction, consequently
the soil-cement did not harden adequately.
The hardness of the material penetrated
by the MC-2 was less hard and inferior to
the underlying soil-cement which in turn
was measurably less hard than the soil-
cement in Test Areas I and III. However,
the data indicate that the MC-2 cover
material did satisfactorily retain the
mo1sture in Test Area II notwithstanding
the fact that 1t penetrated into the soil-
cement.

The surface of the soil-cement not
covered with the MC-2 did not harden
satisfactorily for a depth of about 1 in.
at the end of 7 days and could be pene-
tiated with a knife. The soil-cement be-
low the 1 1n. depth was considerably har-

der than the surface material but it dad
not appear as hard as the soil-cement 1n
any of the areas covered with the MC-2.

CONCLUSION

The data show that the MC-2 cutback
asphalt cover as used on the test areas
did efficiently retain the moisture in
the soil-cement for 7 days. Further, that
the MC-2 adhered satisfactorily to the
soil-cement and did not penetrate into it
when there was free water on the soil-
cement surface at time of the bituminous
cover applicatron. Or the other hand,
where the moisture content of the surface
of the soil-cement was less than optimum
there was penetration by the MC-2 into the
soil-cement so that a thin “mat” was formed
which could easily be removed from the
underlying soil-cement. However, the MC-2
cover retained the moisture in the soil-
cement in all the Test Areas whether or
not it penetrated into the soil-cement.

The MC-2 did not cure out on Test
Areas I and III, until the 6th day so
that pickup by automobile traffic would
have occurred during this period unless
sand was applied to blot the MC-2.

Finally, the use of the MC-2 cutback
asphalt had no deleterious effect on the
quality of the soil-cement except where it
penetrated into the soil-cement. The
penetrated soil-cement was definitely not
as hard as unpenetrated soil-cement.

The sections without MC-2 cover at all
Test Areas lost considerable moisture
particularly from the top 3/4-in. and
3/4-1% in. depths. The hardness of the
surface material on these sections was
inferior to that beneath the cover. The
data clearly show the need of a protective °
cover for retaining the moisture in the
so1l-cement during the early hydration
period.

These tests were conducted through the
cooperation of the Illinois Davision of
Highways and the Mason County Highway
Department. ClarenceMelton, Havana, I11.,
1s County Engineer. E. G. Robbins, Soil-
Cement Bureau, Chicago, represented the
Portland Cement Association.
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KANSAS DATA

The data from Kansas were obtained on a
road project 6.05 miles long, builtby the
Concrete Materials and Construction Co.,
Cedar Rapids, Iowa, representing 85,128
sg. yds., 6 1n. thick in Washington County,
Kansas on Route 36. It was built during
July and August, 1948. A negative
Oliensis spot MC-3 cutback asphalt was
used as a moisture retalning cover and
specifications are given in Table VI.

So1l-cement construction was carried
out by mixed-in-place methods using heavy
duty equipment featuring three rotary
speed mixers. A cement content of 12 per-
cent by volume, or 0.540 bag per sq. yd.
was used.

TEST CONDITIONS

The test data for covered and uncover-
ed conditions were obtained fromtwo areas,
located at the north and the south quarter
points of the road at Station 360, be-
ginning the day of construction, July 28
and ending August 4. Each test area sel-
ected measured about 3 ft. x 3 ft.

The weather was warm, generally clear
and sunny the first half of the 7-day
test period and cool and cloudy for the
remaining portion. There were two showers.
Weather data were obtained from the
Weather Bureau located at Hanover and are
listed in Table VII.

The soils at the test areas selected
were sandy loams of PRA Group A-2 contain-
ingno material retained on a No. 4 sieve.
A representative sample was tested in the
laboratory to determine the cement content
to be used during construction®. The
““Summary of Tests” obtained for this soil
1s listed in Table VIII.

Moisture contents of the soil-cement
at time of compaction were near or above
optamum; and compaction produced carrespand-
ing maximum dansities. Surface finishing
procedures particularly were in confor-
mance with good construction practice--a
tight, dense surface containing not less
than optimum moisture was obtained.

21b1d.

o

Approximately an hour elapsed between
final finishing and the application of
the MC-3. No additional water was applied
after final finishing. The so1l-cement
surface was quite moist but not wet at
the time the negative MC-3 cover was
applied. (Subsequent days indicated that
by applying 0.3 gal. of water to the sur-
face just prior to applying MC-3 produced
a tighter surface. However, these test
sections were not included in this tech-
nique.)

The MC-3 cutback asphalt was applied
at the rate of 0.23 gal. per sq. yd. at
185 F. This application resulted in com-
plete coverage of soil-cement surface.

Meisture samples weighing about 150
gms. each were lifted for a 0-3/4 in.
depth from the surface of the 6 in. base
and also from a 3/4 in. to 1% in. depth
at the exact location the 0-3/4 in. sam-
ples were taken. Three were taken each
day from each depth from bhoth covered and
uncovered areas at each of the two loca-
tions. The first samples were taken after
final finishing, just prior to the ap-
plication of the MC-3 cover. Every day
from then on for seven days, molsture
samples were lifted at the same locations
beneath the cover material and from ad-
Jacent areas without bituminous cover.

Moisture samples were also taken from
a depth of 0-5 in. at each location, after
final finishing and on the seventh day of
the hydration period.

DISCUSSION OF TEST RESULTS

Moisture Data

The moisture contents obtained from the
samples at the selected test sites are
tabulated in Table IX and shown graphi-
cally in Figures 5 and 6.

The field optimum moisture content was
estimated at 12.5 percent for the soil-
cement at both Test Area I and II.

General

The drop in moisture content in the
top 3/4 in. under the cover material of
1.9 and 1.2 percentage points respectively
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TABLE VI

SPECIFICATION FOR MC-3 CUTBACK ASPHALT

Medium curing cutback asphalt for use in this work shall

be homogeneous, free from water,

heated at 250 F.

and shall not foam when

It shall conform to all the requirements

of the following specifications.

Specification Designation

General Requirements

Flash point (COC) F.

Viscosity at 140 F
Saybolt Fairol

secs, by*

Distillation®
Distillate (percent by volume
of total distillate to 680 F.)
To: 437 F.
500 F.
600 F.

Residue from distillation to 680 F.
volume percent by difference

Tests on residue from distillation-
Penetration at 77 F , 100 G.,
Ductility at 60 F., 5 em. per man.
Percent solauble 1n CCL4

Reaction to Oliensis Spot Test

Ductility at 77 F. of residue from
distillation reduced to 40-50
penetration by ASTM D243-36 cm.

during the 7-days for Areas I and IT in-
dicate that the cover material was quite
effective in retaining moisture. This 1s
shown by comparing the moisture content
curves of test areas “with” and *without”
cover. See Figures 5 and 6.

It 1s i1ndicated that the moisture
changes that did occur were probably due
to (1) moisture used for cement hydration
and which cannot he driven off with the
110 C. temperatures used to dry moisture

S sec.

MC-3

Specifications Test Results

The material shall be free from
water, have good durability, proper
curing properties, low temperature
susceptibility and good adhesive
qualities, shall show no separation
on standing and shall meet the
following requirements:

150+ 165
275-475 350
5- 0
5-40 23
60-85 73
73+ 83
200- 300 221
100+ 100+
99.5+ 99.81
Neg. Neg.

samples, (2) moisture migrating from sur-
face portions,where it was concentrated,
to material at greater depth, and (3)
moisture vaporizing and leaving the soil-
cement through the bituminous cover.

For so1ls of this type, research has
shown that the quantity of moisture taken
up by cement hydration during 7-days and
which cannot be driven off by the 110 C.
temperature used to dry the moisture sam-
ples 1s lakely to be about 3/4 of one per-
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moisture differences. It should be noted

TABLE VII that the moisture content of the surface
portion of the soil-cement during final
WEATHER DATA finishing was built up so that it was
above the field optimum moisture content
Temperature, 2?;21 ] and also higher than that of the under-
Date Degrees F. Haamfoll lying mater1§]. DurlngtheIY-day hydration
Max. Min. aintall, period, particularlythe first day or two,
inches there is a tendency for this surplus sur-
7/28/48 96 74 0.00 face moisture to become distributed full
7/29/48 90 72 0.70 depth. In this instance, during the first
7/30/48 85 57 0.00 48 hour period the 0-3/4 in. material at
1/31/48 89 60 0.00 the two areas lost about 2% percentage
8/1/48 86 65 0.00 points of moisture of which an estimated
8/2/48 79 62 1.00 % of one percentage point of moisture was
8/3/48 73 62 0.00 due to migration to underlying material,
8/4/48 - 56 0.00 see Figures 5 and 6.
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centage point. Since 3/4 percentage point
of moisture is used for cement hydration
the total moisture loss given above for
the two respective areas beneath the cover
become 1.1 and 0.4 percentage points.
Both moisture migration and loss through
the cover are involved in these remaining

In addition to the loss of moisture due
to migration the data show some loss ap-
parently due to moisture vaporizing and
moving out of the soil-cement through the
cover. This 1s indicated by the data that
show the moisture content of the 0-3/4 in.
material at both locations with cover to
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TABLE VIII

SUMMARY OF SOIL AND SOIL-CEMENT TESTS

(Characteristics of so1l used 1n preliminary durabality tests)

Gradation (Percent Retained)

Test
No. 4 20 40 60 100 200 .05 .01 .005 .001 LL PI
AA
4659
101-16 0 O 2 14 50 64 70 87 90 95 24 5
(Preliminary Durability Test Results)
12 Cycles
Moaist. Total Soil Loss
Cement Density ‘
Cont. Percent of Original
Cont. Lbs /Cu.Ft.
% by Vol Oven Dr % by Dry We.
Y : € Y Oven Dry Wet Dry Freeze Thaw
6 117 12 16 25.0
8* 117 12 7.5 9.0
10 ¢ 117 12 2.5 4.5
12 ¢ 117 12 1.0 1.0

Average characteristics of soils occurraing in the top 6 1n.
of roadway which were stabilized with 12 percent cement.

Gradation (Percent Retarned)

Liq. Plast. Std. Opt.
4 20 40 60 100 200 Limat Index Comp. Moisture
0 2 3 23 50 58 21 9 118 12

*Although these test results indicate a cement content of

approximately 8 percent would be adequate on soils of this type
under normal conditions, 1t was decided to increase the cement
content to 12 percent on this project since unusually poor sub-

grade conditions exist over a considerable percent of the

project.

be less after the first 24 hour period by
about 3/4 of one percent than the 3/4-1Y%
in. material. The movement of moisture
through the cover 1s further indicated
by the fact that the rain on the fifth
day appears to have partially penetrated
the cover. The moisture contents after
the rain increased at both areas, % percent
at Area I and 3/4 percent at Area II. It
will be noted that the sum of the estimat-
ed losses due to cement hydration, migra-
tion, and that moisture lost through the
cover 1s greater than the respective loss
at each of the Test Areas.

The data for the material 0-5 in. be-
neath the cover at Test Area I shows no
change 1n moisture content from the first
to the seventh day of the hydration per-
iod. At Test Area II in the section
without cover the 0-5 in. moisture con-
tent decreased from 11.5 percent on the
first day to 8.7 percent on the seventh
day of the hydration period; obviously
the decrease would have been much greater
had there not been a one-inch rainfall on
the fifth day. See figures 5 and 6.

It is concluded that the negative
Oliensis spot MC-3 cutback asphalt cover
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TABLE IX

DAILY MOISTURE CONTENTS®

Test Area I,

Test Area I,

0-3/4 in. 3/4-1% 1n.
Date Moisture Contents Moisture Contents
MC-3 Cutback No MC-3 Cutback No

Asphalt Cover

Cover Asphalt Cover Cover

% % % %
7/28/481 15.7 15.7 15.5 15.5
7/29/48 15.1 13.7 15.0 15.0
7/30/48 13.2 9.9 14.1 13.1
7/31/48 13.4 8.2 14.1 11.3
8/1/48 - - - -
8/2/48 13.5 6.4 14.3 10. 4
8/3/48 13.9 8.3 14.2 11/6
8/4/48 13.8 8.1 14.6 11.8
Test Area II, Test Area II,
0-3/4 1in. 3/4-1% 1n.
Date Moisture Contents Moisture Contents
MC-3 Cutback No MC-3 Cutback No
Asphalt Cover Cover Asphalt Cover Cover
% % % %
7/28/ 48! 13.3 13.3 12.6 12.6
1/29/48 12.8 13.4 . 12.8 14.1
7/30/48 10.7 7.4 11.8 10.8
7/31/48 11.1 6.9 11.5 10.4
8/1/48 - - - -
8/2/48 11.1 4.1 11.6 8.4
8/3/48 11.9 9.8 12.3 11.3
8/4/48 12.1 6.3 12.3 10.3

*Average of 3 tests.

Samples were taken after final finishing just before ap-

placation of MC-3.

served adequately as a moisture barrier
by retaining most of the moisture in the
soil-cement during the 7-day hydration
period.

Observation on MC-3 Cutback Asphalt Cover

Daily inspections showed no penetration
of the negative MC-3 into the soil-cement
except in small low areas where the MC-3
was ponded. At these locations a very
slight penetration was noted.

By the end of seven days, the MC-3 had
cured out sufficiently that it could be

walked upon without picking up. If it had
been necessary to open the section to
automobile traffic duringthe 7-day hydra-
tion period, sanding to blot up the MC-3
would have been necessary.

From the first day of application, the
negative MC-3 adhered firmly to the soil-
cement. It became more fimrly attached
each day and on the last day of test 1t
was removed only after considerable work
by scraping with a knafe.

The so1l-cement directly beneath the
MC-3 had hardened noticeably the day fol-
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lowing construction and the hardness in-
creased daily. It was particularly noted
that the soil-cement immediately beneath
the cover was as hard as the soil-cement
at greater depths. This observation rein-
forces the conclusion that the negative
MC-3 retained sufficient moisture for
adequate cement hydration.

Where the soil-cement was not covered
with the MC-3, the surface for a depth of
about 1% in. did not harden satisfactorily.
At the end of 7-days this depth of mat-
erial could easily be penetrated and re-
moved with a knife. The soil-cement below
the U4 in. depth was considerably harder
than the surface material.

CONCLUSIONS

These data show that the negative MC-3
cutback asphalt cover, as used on this
project, did efficiently retain the
moisture in the so1l-cement for seven days.
Further, that 1t adhered satisfactorily to
the soi1l-cement and in general did not

penetrate into the soil-cement. The
MC-3 did not cure out during the 7-day
period so that pickup by automobile traf-
fic would have occurred during this per-
iod unless sand was applied to blot up
the MC-3. Finally, the use of the negative
Oliensis spot MC-3 cutback asphalt had
no deleterious effect on the quality of
the soi1l-cement.

The sections without MC-3 cover at all
Test Areas lost considerable moisture
particularly fromthe top 3/4 in. and 3/4-
14 in. depths. The hardness of the sur-
face material on these sections was in-
ferior to that beneath the cover. The
data clearly show theneed of a protective
cover for retaining the moisture in the
soil -cement during the early hydration
period.

Mr. M. C. Burnett was the resident engin-
eer for the State Highway Commission of
Kansas and Mr. E. G. Robbins, So1l-Cement
Bureau, Chicago, represented the Portland
Cement Association in conducting the tests
and collecting the data.



The data from Nebraska were obtained on
a road project 9.2 miles long built by
F. B. Orshek Co., Fremont, Nebr., repre-

NEBRASKA

NEBRASKA DATA

mixers.

used.

senting 146,240 sq. yds., 6 in. thick in

Burt County on Route 73.

It was built

during September and October, 1948. An

RC-1 cutback asphalt was used as a moisture
retaining cover and specifications are

given 1n Table X.

of Decatur.

TABLE X
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A cement content of 9 percent
by volume, or 0.405 bag per sq. yd., was

TEST CONDITIONS

Four test areas were located approxi-
mately one mile south of the city limits

Test Areas I and II were lo-

REQUIREMENTS FOR CUTBACK ASPHALTS

Cutback asphalts shall be composed of a suitable

distillate and asphalt base.

They shal) be homogeneous,

free from water, show no separation on standing and

shall meet the following requirements when tested in

accordance with the prescribed methods.

Specification

Test Data for
Material Act-

Requirements

Specification Designation RC-1

Viscosity, Saybolt-Furol:

ually Supplied

At 122 F., Seconds 75-150 125
At 140 F., Seconds --
Distillate, percentage by
volume of total distillate
to 680 F.
To 374 F. 10+ 20.7
To 437 F. S0+ 65.5
To 500 F. 70+ 86.2
To 600 F. 88+ 96.6
Residue from distillation to
680 F., percentage
Volume by difference 60+ 71.0
Tests on Residue from Distillation:
Penetration 77 F., 100 gm., 5 sec. 80-120 86
Ductality at 77 F., cm. 100+ 100+
Solubilzty in carbon tetrachloraide,
percent 99. 5+ 99.175
Spot Test:
Naptha xylene solvent, 10 percent
xylene Neg. Neg.

Soil -cement construction was carried
out by mixed-in-place methods using heavy
duty equipment featuring two rotary speed

ft. apart.

cated Just west of the centerline about 3

Test Areas III and IV were

located at the west quarter point of the
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road about 3 ft. apart. Test data were
obtained beginning the day of construc-
tion, September 17 and ending September
24, Each test area measured about 3 ft. x 3 ft.

For the first three days of the test
period the weather was hot, generally
clear and windy. It rained during the
fourth day. The last three days were
cloudy, cool and windy. Weather data
were obtained from Weather Bureau Stations
located at Tekamah and Omaha, and are
listed in Table XI.

density was substantially below the theo-
retical value.

Approximately 15 minutes elapsed be-
tween final finishing and the application
of the RC-1. .

No additional water was applied to
Test Areas I or III after final finishing.
The so1l-cement surface at Test Area I
was quite moist (near the optimum) but
there was no free water on the surface at
the time the RC-1 cover was applied. The
soil-cement surface at Test Area III was

TABLE XI
WEATHER DATA
T Relative Total Wind
emperature
Date Degrees F Humidaty 24-hour Velocaty
Max. Man. at Noon, Rainfall at Noon
Percent Inches mph.
9/17/48 90 68 54 0.00 33
9/18/48 92 71 61 0.00 13
9/19/48 96 69 90 0.00 18
9/20/48 79 68 73 0.14 19
9/21/48 80 60 91 0.00 16
9/22/48 76 57 91 0.00 17
9/23/48 72 54 86 0.00 29
9/24/48 71 56 69 0.00 23

The so1ls at the test areas selected
were loamy coarse sands of PRA Group A-2
containing approximately 10 percent mat-
erial retained on a No. 4 sieve. A re-
presentative sample was tested in the
laboratory to determine the cement content
to be used during construction®. The
“Summary of Tests” obtained for this soil
1s listed in Table XII.

Surface finishing procedures at test
areas I and II were in conformance with
good construction practice -- a tight,
dense surface was obtained containing
close to optimum or more moisture. The
density obtained from the 6-in. base was
near the theoretical value.

Test areas IIT and IV were located on
a short and narrow strip of soil-cement
contalning appreciably less than optimum
moisture. As a result of too little
moirsture the surface finishing did not
produce a tight dense surface; and the

3. b1d.

much dryer than that at Test Area I
(appreciably below optimum) at the time
the RC-1 cover was applied.

At Test Area II and IV additional
water was applied with a garden type
sprinkling can to the Soil-cement sur-
face after final finishing immediately
before the cover material was applied.
The two areas were lightly sprinkled until
free water appeared on the soil-cement
surface where a very thin film of moisture
was visible when the RC-1 cover was ap-
plied.

Attention 1s called to the fact that
Test Areas I and II were constructed sim-
1larly, containing optimum moisture, and
are comparable in every way except that
Area II received additional moisture just
prior to the cover application. Test
Areas III and IV were constructed with
appreciably less than optimum moisture
and are comparable except that Area IV
recelved additional moisture just prior
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TABLE XII

COMBINED AGGREGATE USED IN SOIL-CEMENT BASE COURSE

Laboratory Tests on Individual Materials

So1l

Coarse Fine
Sand Sand
Percent used 1n
Lab. Mix 74 14
Mechanical Analysas
Retained on No. 4 9
Retained on No. 10 26
Retained on No. 20 50
Retained on No. 30 62 0
Retained on No. 40 74 1
Retained on No. 50 83 5
Retained on No. 80 92 62
Retained on No. 100 94 76
Retained on No. 200 96 93
Liquad Limat
Plasticity Index
Specific Gravity 2.62 2.65

Calculated Grad-

Calculated ation Based on
Gradation Field Test and
Field Combination
12
7 4
19 16
37 33
46 --
55 59
62 67
ki .-
0 80 83
0 84 87
34
10 2.5

2.69

OPTIMUM MOISTURE AND MAXIMUM DENSITY DETERMINATIONS

Laboratory mixture using 9 percent Cement by volume

Field mixture using 9 percent Cement by volume

(Fresh Mix)

Freld mixture using 9 percent Cement by volume

(After 4 hr. Setting Period)

to cover application.

Between and adjacent to Areas I and II
and also between and adjacent to Areas
III and IV were areas that received no
cover or additional moisture after final
finishing.

The RC-1 cutback asphalt was applied
at the rate of 0.20 gal. per sq. yd.
Thas application resulted in complete cov-
erage of the soil-cement surface.

Moisture samples weighing about 150
gms. each were lifted for a 0-3/4 an.
depth from the surface of the 6 in. base
and also from a 3/4 in.-1% 1n. depth at
the same location. There was penetration
by the RC-1 1nto the surface of the soil-

Optimum Maximum

Moasture Density
7.4 133 lb/cu. ft.
8.7 131 1b/cu. ft.
9.0 125 1b/cu. ft.

cement at some of the areas and this pene-
trated material was removed and discarded
before the moisture samples were lifted.
Three moisture samples were taken each
day from each depth from each of the cov-
ered and uncovered Test Areas. The first
samples were taken after final finishing,
just prior to the application of the RC-1
cover. Every day thereafter for seven
days, samples were again lifted from
beneath the cover material at each Test
Area and from adjacent areas without
bituminous cover.

Moisture samples were also taken from
a depth of 0-5 in. at each Test Area, just
before the cover application and on the

Qe gt )
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TARLZ XIII
DAILY MOISTURE CONTENTS®
Teat Ares I Test Ases II,
0.3/4 10 0-3/4 10
Date Morature Contenta Moisture Contents
RC-1 Catback No RC-1 Catback No
Asphalt Cover Cover? Asphalt Cover  Cover?
x s s 3
9/17/48! 87 87 10 ¢ 87
9/18/48 80 70 89 10
9/19/48 79 X 80 56
9/20/48 83 89 82 89
9/21/48 85 75 85 15
9/32/48 83 62 83 62
9/23/48 81 52 79 52
9/24/48 80 ‘8 76 48
Teat Area I, Tast Aree II,
3/4-1¥ ra. 3/4-1% in
Date Moisture Contents Moisture Contents
RC-1 Cotback No RC-1 Catback No
Asphalt Cover Cover?  Asphalt Cover Cover?
13 * 3 ]
/117481 87 87 10 2 B7
9/18/48 80 11 86 11
9/19/48 78 68 83 68
9/20/48 84 94 83 94
9/21/48 a1 82 89 82
9/22/48 X 72 a9 72
9/23/48 19 72 X 72
5/24/48 81 71 86 71
Test Area III, Test Aron IV,
1/16-3/4 10 0-3/4 10
Dute Moisture Contents Moiatare Contents
RC-1 Catback No RC-1 Catback No
Asphalt Cover Cover?  Asphalt Cover Coverd
3 % 3 3
9/12/48! 61 61 13 2 61
9/18/48 64 63 102 63
9/19/48 63 58 94 58
9/20/48 91 10 2 917 10 2
9/21/48 83 81 10 2 81
9/22/48 74 59 98 59
9/23/48 70 43 92 43
9/24/48 66 50 78 50
Teat Area IJI, Test Area IV,
3/4-1% 10 3/4-1% 10
Date Moisture Contents Moisture Contents
RC-1 Catback No RC-1 Cutback No
Asphalt Cover Cover?  Asphelt Cover Covar?
% 3 3 3
9/17/48! 80 80 12 4 80
9/18/48 73 76 917 76
9/19/48 10 73 96 73
9/20/48 99 917 93 91
9/21/48 9/1 90 917 90
9/22/48 86 16 94 76
9/23/48 80 12 88 72
$/24/48 76 71 85 71

®Aversge of 3 teats
Semplea were taken after final finishing immediately befora ap-
plication of asphalt esulaion cover
‘The area with no cover for Test Areas I and II wes loceted be-
tweon and adjorning Test Areas ] snd Il  No water was added to
the surface of this ares after final finishing was completed

e area with no cover for Test Areas III and IV was located
between and adjoining Test Areas III and IV No water
added to the surface of this sres after finel finishing was
comploted
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seventh day of the hydration period. I and IT are small indicating the cover
efficiently retained the moisture. The
DISCUSSION OF TEST RESULTS corresponding decrease of 0.1 percentage
point at Test Area III while small, in
Moisture and Density Data this instance gives an erroneous picture
The moisture contents obtained from the indicating that the moisture retention by
samples at the selected test sites are the cover was good. The corresponding
tabulated in Table XIII and shown graph- decrease of 5.4 percentage points for
1cally in Figures 7, 8, 9 and 10. Test Area IV appears large and indicates
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Figure 7.

The field optimum moisture content for that the cover at this area was not par-
the so1l-cement was determined as 9.0 per- ticularly efficient compared to that at
cent. The corresponding maximum density Areas I and II. The discussion below
was 125.0 1b. per cu. ft. will bring out that it was more efficient

The density of the completed soil- than the cover on Test Area III.
cement at Test Areas I and II was deter- — By referring to Figures 7, 8, 9 and
mined as 122.0 lb. per cu. ft. while at 10 and comparing the curves “with” cover
Test Areas III and IV it was 119.0 Ib. with those'‘without” cover it may immedia-
per cu. ft. tely be seen that the cover was very ef-

fective at Test Areas I, II and IV and not
General so effective at Test Area III. Particular

The decreases in moisture content note should be made of the effect of the

from the first to the seventh day in the additional moisture due to rain on the

top 3/4 in. under the RC-1 cover of 0.7 third day. The curves “without” cover at
and 2.8 percentage points at Test Areas all test areas and the curve “with” cover
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Figure 8.

at Test Area III show the effect of this
rain by increases in moisture content. On
the other hand, the curves “with” cover at
Test Areas I, II, and IV show that the
rain was effectively shed by the cover.

Since the weather turnedcool and cloudy
following the rain on the third day, the
rate of evaporation was considerably less
the remaining four days than it was the
first three days of the test period.

This reduced evaporation rate is evi-
dent when the curves for 0-3/4 in. “with-
out” cover are studied: It will be noted
that it was not until the fifth day that
the moisture contents of this depth mat-
erial at all Test Areas, had decreased to
the amount present the second day. As a
result, the net moisture losses at the
end of the 7-day period are much less than
they would have been had 1t not rained.

It is indicated that the moisture de-
creases 1n the soil-cement directly be-
neath the RC-1 cover probably occur due
to, (1) moisture used for cement hydration

and which cannot be driven off with the
110 C. temperatures used to dry moisture
samples, (2) moisture migrating from the
surface material where 1t was concentrated,
to material at greater depth, and (3)
moisture vaporizing and leaving the soil-
cement through the bituminous cover.
Each of these reasons are discussed be-
low.

(1) The differences between the
moisture content determined from moisture
samples lifted the first day, and that
determined from identical samples lifted
the first day but then sealed and stored
7-days, and then dried, is taken as the
amount of moisture used for cement hydra-
tion. The amount of moisture used for
cement hydration during the test period
of 7-days was determined as 0.6 of one
percentage point,

(2) During final finishing operations
the moisture content of the surface so1l-
cement 1s normally built up so that 1t
is higher than that of underlying materaial.
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This excess moisture migrates to the mat-
erial at greater depth so that there is a
tendency towards equalization of moisture
throughout the mass. Consequently the
moisture content of the surface soil-
cement decreases from that at time of con-
struction. This phenomenon at each Test
Area 1s discussed below.

Test Area I was surface finished in a
normal manner as described above. The
moisture content of the surface soil-
cement at time of cover application was
8.7 percent compared to 8.1 percent for
the material from 0-5 in. depth. See
Figure 7. The moisture content of the
surface material beneath the cover changed
from 8.7 percent to 8.0 percent during
the first 24 hours. It 1s lakely that
part 1f not most of this change was due
to moisture migration, some was due to
cement hydration, andas will be discussed
later, some of this decreasemay have been
due to loss through the RC-1 cover.

Test Area II was surface finished

exactly like Test Area Iand the two areas
were identical except, as previously noted,
additional water was added to the surface
of Test Area II just before the cover was
applied. See Figure 8. This moisture in-
creased the moisture content of the 0-3/4
in. material to 10.4 percent, compared to
8.7 percent for the 0-3/4 in. material in
Test Area I. The moisture content of the
0-5 1n. material was 9.3 percent, compared
to 8.1 percent in Test Area I. The
moisture content of the 0-3/4 in. material
of Test Area II was 1.1 percentage points
higher than the 0-5 in. material. Dur-
ing the first 24 hours the moisture con-
tent of the 0-3/4 in. material changed
from 10.4 percent to 8.9 percent, a de-
crease of 1.5 percentage points. Most of
this amount apparently was due mainly to
moisture migration, some, possibly asmal-
ler amount, to loss through the cover and
the remainder of the decrease was due to
cement hydration.

Test Area III was surface finished with
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a moisture content 2.3 percentage points
below optimum. Consequently there was no
extra water to migrate, in fact the
moisture content of the 0-3/4 in. material
was 1.3 percentage points lower than
3/4-1% in. material and 0.8 percentage
points less than that based on 0-5 in.
material. See Figure 9. However, the
moisture content of the 0-3/4 in. material
decreased 0.3 percentage points the first
24 hours. Apparently this moisture was
lost through the RC-1 cover and used for
cement hydration.

SOILS

percent in Test Area III. The difference
in moisture content of Test Area IV be-
tween 0-3/4 in. and 0-5 in. material was
3.8 percentage points. The moisture con-
tent of the 0-3/4 in. material decreased
3 percentage points the first 24 hours;
most of the decrease apparently was due
to migration and probably some was lost
through the cover and the remainder was
used for cement hydration.

(3) A part of the change in moisture
content of the soil-cement beneath the
cover is undoubtedly due to moisture loss
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Figure 10.

Test Area IV was surface finished with
moisture content below optimum exactly as
Test Area III but as was done in the case
of Test Area II additional moisture was
applied to its surface just before the
RC-1 cover was applied. See Figure 10.
The moisture content of the 0-3/4 in.
material was raised to 13.2 percent, com-
pared to 6.7 percent in Test Area III,
and the moisture content of the 0-5 an.
material was 9.4 percent, compared to 7.5

through the RC-1 cover. This loss appears
to be dependent upon the physical charac-
teristics of the cover itself, and the
weather conditions. An estimate of the
actual loss of moisture at each of the
four Test Areas may be made by (a) noting
the trend of the curve plotted from daily
moisture contents, that is, whether or not
the trend 1s upward indicating gain in
moisture, downward indicating a loss or
remains level indicating no change; (b)
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by comparing the curves at any one test
area, to note if the 0-3/4 in., material
becomes drier than 3/4-1% in. material;
and (c) by comparing “with” cover curves
with “without” cover curves. The estimate
of loss of moisture through the cover at
each Test Area follows:

At Test Area I, beneath the cover at a
depth of 0-3/4 in., a total net decrease
1n moisture content during the 7-day
hydration period of 0.7 percentage point
was recorded. As mentioned above, moist-
ure for cement hydration equaled 0.6 per-
centage points and a similarly small
change was likely due to migration. The
0-3/4 in. and 3/4-1% in. curves practi-
cally coincide for the 7-day period indi-
cating almost 1dentical moisture contents.
Finally the curves are generally level.
It is further noted that the moisture con-
tent of the 0-5 in. material beneath the
cover decreased 0.5 percentage points dur-
ing the 7-day period. It is estimated,
therefore, on the basis of the influencing
factors that the moisture loss through
the cover at Test Area I was negligible.

At Test Area II, 0-3/4 in. beneath the
cover there was anet decrease in moisture
content from the first to the seventh day
of 2.8 percentage points. The moisture
for cement hydration amounts to 0.6 per-
centage points and as discussed above
under section (2), migration losses would
consist of most of the 1% percentage
point change during the first day. After
the first day adjustment the curves for
moisture content are generally level.
However, the curve for the 0-3/4 in. mat-
erial crosses to below the curve for the
3/4-1% in. material indicating it dried
more rapidly. At the conclusion of the
7-day period the 0-3/4 in. material was 1
percentage point of moisture drier than
the 3/4-1% in. material. Further, it was
noted that the moisture content of the
0-5 in. material beneath the cover de-
creased 1.7 percentage points during the
7-day period which includes 0.6 percent
for cement hydration. In view of the
above faaotors it 1s concluded that the
moisture lost through the RC-1 cover at
Test Area II is quite small and probably
amounts to less than 1 percentage point.

At Test Area III the net moisture loss
in the material 0-3/4 in. beneath the
cover during the 7 days was 0.1 percent-
age point. However, by referring to Fig-
ure 9, and comparing the curves ‘‘with”
and “without” cover 1t 1s i1mmediately
apparent that the cover neither retained
moisture effectively nor did it keep out
the rain water. The trend of the curve
is first steeply upward indicating gain
in moisture from the rain, and rather
sharply downward after the rain indicat-
ing loss of moisture by drying. The curves
““with” cover are similar in trend to those
“without” cover. The 0-3/4 in. materaal
beneath the cover at 7-dayswas 1 percen-
tage point drier than the 3/4-1% in. mat-
erial although after the rainon the third
day they were about identical. It 1s
concluded therefore, that there was sub-
stantial moisture losses and also a large
gawn from rainfall through the RC-1 cover
at Test Area III.

At test Area IV the net loss beneath
the cover in the 0-3/4 in. material for
the 7-day period was 5.4 percentage points.
See Figure 10. The total amount of the
moisture used for cement hydration and
that estimated above as largely due to
change by migration total about 3% per-
centage points for this Test Area. The
trend of the moisture content curves be-
neath the cover, after the first 24 hours,
is level for 5 days and then downward.
The rather sharp drop of 1 percentage
point in the 0-3/4 in. material from the
sixth to the seventh day is unaccountable
and perhaps should be disregarded. Ex-
cept for this last dayof the 7-day period
the 0-3/4 in. material was more moist than
the 3/4-1L% in. material. It 1s further
noted that the moisture content of the
0-5 in. material beneath the cover de-
creased 1.4 percentage points during the
71-day period. It also was noted that the
moisture content of the soil-cement be-
neath the cover was much higher at 7 days
than the material with no cover.

It is concluded that some moisture,
perhaps one to two percentage points, was
lost through the RC-1 cover.

Observation on RC-1 Cutback Asphalt Cover

Daily inspections showed the following
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in regard to the RC-1 cover material:
Test Areas I and II - In general there was
no penetration into the soil-cement by
asphalt but some occasional discoloration
by the cutback agent to a depth of 1/8
in. was noted. The film of asphalt on
the so1l-cement surface was estimated at
1/16 in. in thickness. See Figure 1l.
The RC-1 adhered firmly to the soil-cement
becoming more difficult to remove as time
passed. On the seventh day 1t could be
removed only with considerable effort.
The RC-1 was quite tacky the first four
days and sufficiently tacky thereafter
that 1t picked up on one’s shoes.

lest Area III - The RC-1 penetrated 1/16
in. within one hour after application.
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Figure 11.

could be removed intact wath difficulty
and it stuck rather tenaciously to the
so1l -cement.
for three days, less so than Areas I and
11, but more so than Area III. Pickup on
one’s shoes occurred through the 7-day
test period.

Daily inspections showed the following
with regard to the quality of the soil-
cement: )
Test Areas I and II - The soil-cement 1n
both Test Areas I and IT beneath the cover
hardened satisfactorily from directly be-
neath the cover to full depth. After the
second day, the soil-cement could only
be removed with much effort using a ham-
mer and chisel. It was particularlynoted

AREA
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——
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| R N

The condition of the RC-1 cover at each Test Area 1s indicated.

There was no penetration into the soil-cement at Test Areas I and II.
There was 1/4 in and 1/8 in. penetration respectively at Test Areas
IIT and IV.

The next day 1/4 in. penetration had
occurred. No film of asphalt was left on
the soil-cement but rather the RC-1 and
the penetrated soil-cement formed a 1/4
in. “mat®. See Figure 1l. This mat could
readily be separated from underlying soil-
cement with a chisel and light hammering.
There was no packup of the cover on one’s
shoes in this area after the first few
hours, '

Test Area IV - The RC-1 penetrated the
so1l-cement only slightly within the first
few hours after application. By the end
of the second day penetration to a 1/8
in. depth had occurred. A ‘“mat” similar
to that at Test Area III but only one-
half as thick and consequently more “alive”
was formed. See Figure 11. The "mat”

that the soil-cement directly beneath the
film of asphalt was as hard as underlying
material. The surface soi1l-cement 1in
Test Areal appearedslightly harder than
in Test Area II.

The soil-cement in the uncovered area
between Test Areas I and II was inferior
to that in Test Areas I and II. The top
% in. particularly hardened slowly and
after 7 days could be readily dug into.
The quality and hardness inereased with
depth and below about 2 1n. 1t was practa-
cally as good as the material at compar-
able depth in the covered areas.

Test Areas III and IV - The soil-cement
in Test Area III beneath the cover, as
discussed previously, was of inferior
quality as constructed and was also in-

The area was quite tacky
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ferior at the end of the 7-day hydration
period. This was due to the low moisture
content incorporated during construction
and accompanying low densities. The soil-
cement in this area after the seventh day
of hydration could be dug into by hand
chiseling., The material immediately be-
neath the “mat"” appeared of about the same
hardness as material from greater depths.
The penetrated soil-cement was of very
poor quality and did not harden appre-
ciably whatsoever.

At Test Area IV, simlar to Test Area
III except that additional moisture was
added after final finishing, wasof better
quality. While the soil-cement was much
better than at Test Area IIIand after the
third day could only be removed by hammer
and chisel, 1t was inferior to that at
Test Areas I and II. The penetrated
so1l-cement was of very poor quality and
dad not harden appreciably whatsoever.

The uncovered area between Test Areas
IIT and IV was of very poor quality and
the surface 14 in., even on the seventh
day of the period, could be removed by
vigorous digging with a spoon. It was
harder below the 1% in. depth but could
be easily removed by hand chiseling.
Also, 1t was inferior to the soil-cement
in the uncovered area between Test Areas
I and II.

CONCLUSIONS

These data show that the RC-1 cutback
asphalt cover as used on this project at
Test Areas I and II did efficiently re-
tain the moisture in the soil-cement.
Further, that in these areas the RC-1
adhered satisfactorily to the soil-cement
and did not penetrate into the soil-
cement. In these areas, the RC-1 did not
cure out during the 7-day period so that
pickup by automobile traffic could only be
prevented by sanding to blot up the RC-1.
Further the use of the RC-1 cutback as-

phalt had no deleterious effect on the
quality of the underlying soil-cement.

The data show that the RC-1 cutback
asphalt cover as used on this project at
Test Area III did not efficiently protect
the soil-cement from moisture changes.
Further, that in this Test Area_the soil-
cement was penetrated and the penetrated
material did not harden satisfactorily.

The data also show that the RC-1 cut-
back asphalt cover as used on this pro-
Ject at Test Area IV protected the soil-
cement from evaporation losses better
than at Test Area III; and that not as
much penetration occurred as in Test Area
IIT. However, the penetrated soil-cement
hardened only slightly showing that as
used in the Area the RC-1 cover was un-
desirable.

The sections at all Test Areas without
RC-1 cover lost considerable moisture
particularly from the top 3/4 in. and
3/4-1% in. depths. The hardness of the
surface material on these sections par-
ticularly was inferior to that beneath the
cover. The data clearly show the need of
a protective cover for retaining the
moisture in the soil-cement during the
early hydration period.

The data obtained clearly show that in
order for the soil-cement to harden into
a durable structural material it was es-
sential that the optamum or more moisture
be incorporated during construction and
retained during the 7-day hydration period.
Adequate moisture 1n the surface of the
completed soil-cement at time of applica-
tion of the RC-1 was definitely helpful
in preventing undesirable penetration of
the RC-1 into the soil-cement.

Mr. C. J. Schuster was the project
engineer for the Nebraska Department of
Roads and Mr. J. A. Leadabrand, Soil-
Cement Bureau, Chicago, represented the
Portland Cement Association in conducting
the tests and collecting the data.
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ARKANSAS DATA

The data from Little Rock, Arkansas
were obtained on a street project in the
University Hospital Area representing
22,000 sq. yds., 6 in. thick built by
city forces in June, 1948. An asphalt
emlsion was used as a moisture retaining
cover and specifications are given 1in
Table XIV.

So1l-cement construction was carried
out by mixed-in-place methods using heavy
duty equipment featuring one rotary speed
mixer. A cement content of 10 percent
by volume, or 0.450 bag per sq. yd., was
used.

TEST CONDITIONS

The test data were obtained from two
areas, located at 607 and 615 East 13th
Street in Little Rock, beginning the day
of construction, June 9, and ending June
16. Each test area selected was located
at the North quarter-point of the road and
measured about three feet square.

Throughout the test period of 7 days
the weather was hot, clear and sunny ex-
cept for one light shower. Weather data
were obtained from the Weather Bureau lo-
cated at the Little Rock Airport and are
listed in Table XV.

Moisture samples weighing about 150
gms. each were lifted fromthe top 3/4 in.
of the 6 in. base. Four were taken each
day from covered and uncovered areas at
each of two locations. The soil-cement
was screened on a No. 4 screen and the
material passingwas used for the moisture
content determination. The first samples
were taken 1mmediatelyafter final finish-
ing and a second set were taken just prior
to the application of the asphalt emulsion
cover. Every day for 7 days, moisture
samples were lifted at the same locations
beneath the cover material and from
adjacent areas without bituminous cover.
The average results obtained each day from
the above samples are shown graphically
in Figures 12 and 13 and are tabulated in
Table XVI.

The soils at the test areas selected
were clay loams (high in sand) containing
approximately 10 percent material retained
on a No. 4 sieve. They were quite sim-
lar to a sample previously lifted from
13th Street and tested in the laboratory
to determine the cement content to be
used during the construction®. The
“ Summary of Tests"” obtained for this soil
is listed in Table XVII.

Surface finishing procedures particu-
larly were in conformance with good con-
struction practice -- a tight, dense sur-
face containing not less than optimum
moisture was obtained. Moisture contents
at time of compaction were at field opti-
mum or above and compaction produced the
corresponding maximum density.

At the conclusion of surface finishing,
about 0.15 gal. per sq. yd. of water was
applied with a pressure distributor to
the completed base. Just after this mois-
ture was applied and the free water had
disappeared from the surface, so that only
a “sheen’ was visible, 0.34 gal. per sq.
yd. of diluted asphalt emulsion was ap-
plied. (1 part asphalt emulsion and 1
part water.) The emulsion was identified
as “Bitumuls HCM™. This application re-
sulted in a final film thickness of asphalt
cover estimated at 1/32 in. Coverage on
the soil-cement was complete with some
slight runoff.

DISCUSSION OF TEST RESULTS

Moisture Data

At Test Area I the moisture content in
the top 3/4 in. at time of cover applica-
tion was 19.8 percent and at the end of 7
days it was 16.8 percent, a change of 3.0
percentage points. The optimum moisture
content was estimated to be about 18 per-
cent for the fraction passing the No. 4
screen, since the soil at this site is
somewhat heavier textured than sample
No. 4753 (Table XVII) whichwas previously

41bad.
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TABLE XIV
SPECIFICATION FOR EMULSION COVER ‘'BITUMULS HCM"

The emulsified asphalt shall conform to the following requirements:

Viscosity -- Saybolt-Furel - 60 cc. at 25 C. -- 77 F.
Modified Miscabalaty Test . . . . . . . . . . . . ... Not more than 4.5%
Cement Mixing Test . . . .. . .. ......... . Break not more than 2%
Specific Gravaty - 25 C./25 C. (77 F./17 F.) . . . . . Not less than 1.00
Residue at 163 C. (325 F.) 3 hrs. - 50 gr. e e

or 60 - 65%
Residue from Distillation Test (A.S.T.M.) .
Settlement, 10 Days . . . . . . . . ¢ .+« 4+ 4+ <+ ... Not more than 3
Sieve Test . . . . . . . . . . ¢+ ¢ v s s «s 2+ 4.+ . Not more than 0.05%
Demulsibility - 50 ml. 0.10N CaClg . . ... .. ... Not more than 2%
Dehydration 100 F. «- 96 hrs. . . . . . . . . . . . . . Not less than 0,60
Adhesaon . . . . . . . . . ..+ .4 v+ e v+ ... Not less than 75% coated

ASPHALT

The asphalt contained in the emulsified asphalt shall have the following char-
acteristics when tested prior to emulsification:

Penetrataon at 25 C. (77 F.) . . . . . . . . . . . .. 150 - 250
Solubilaty in carbon disulphide . . . . . . . . . . . . Not less than 99%
Ductilaty at 25 C. (77 F.) . . ... ... ... ... Not less than 100 cms.
Loss at 163 C. (325 F.) Shrs. . .. ... ... .. . Not more than 3.5%
{

In lieu of the above requirements for asphalt prior to emulsification, at the
option of the engineer, tests may be made on the residue from the Distillation Test
(A.S.T.M.), 1n which case the following requirements shall be substituted:

Penetration of residue at 25 C. (77 F.) . . . . . . . . 100 to 200
Solubility a1n carbon disulphade . . . . . . . . . . . . Not less than 97
Ash . W ¢ « ¢ 4 4w s 4 e v e+ . Not more than 2

Ductalaty at 25C. (77 F.) . . . ... ... .. ... Not less than 40

TABLE XV
WEATHER DATA

Relatave Total Wind
Date 1;:p:ratu;e Humidity  24-Hour Velocity
grees I. at Noon, Raxinfall, at Noon,
Max.  Min. Percent Inches mph
6/9/48 86 68 36 0.00 7
6/10/48 86 64 40 0.00 7
6/11/48 91 64 41 0.00 4
6/12/48 94 65 41 0.00 10
6/13/48 96 74 47 trace 7
6/14/48 95 73 49 trace 6
6/15/48 95 72 55 0.05 9
6/16/48 93 66 56 0.00 8
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Figure 12.

tested from this street and which had an
optimum moisture content of 15.8 percent
for the mnus No. 4 soil-cement. The 7th
day moisture content of an adjacent area
with no bituminous cover was 10 percent.
Two days earlier it was 8.8 percent. The
gain the last day was due to a light rain
falling the night of the 6th day. See
Table XV.

At Test Area II, the moisture content
in the top 3/4 i1n. at time of cover ap-
plication was 17.7 percent and at the end
of 7 days 1t was 13.7 percent a change of
4.0 percentage points. The optimum
moisture of the soil-cement passing a No.
4 screen was estimated at about 15 percent
since the so1l at this site 1s lighter
textured thansoil No. 4753 (Table XVII)
which had a comparable optimum moisture
content of 15.8 percent. The correspond-
ing moisture content for the area with no
cover was 7.8 percent and two days earlier
before the light shower 1t had been 5.5
percent.

Although the drop in moisture content
under the cover material of 3.0 and 4.0
percentage points respectively may at
first appear large they are not excessive
as will be brought out in the following
discussion:

First, a comparison oi the curves
‘with” and “without” cover quickly shows
the highmoisture retention by the emulsion
cover.

For soils of this type, research has
shown that the quantity of moisture taken
up by cement hydration during 7-days, and
which cannot be driven off by the 110 C.
temperature used to dry the moisture sam-
ples, 1s likely to be about 1% percentage
points. '

The moisture content of the surface
portion of the soil-cement during final
finishing was built up so that 1t was
above the field optimum moisture content
and also higher than that of the underly-
ing material. During the 7-day hydration
period, particularly the first 2 days,
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TABLE XVI
DAILY MOISTURE CONTENTS®

Test Area I
Moisture Contents

Test Area II
Moisture Contents

Date Asphalt Emulsion No Asphalt Emulsion No
Cover Cover Cover Cover

% % % %

6/9/48} 19.5 19.5 17.4 17.4
6/9/482 19.8 19.8 17.7 17.7
6/10/48 17.9 . 16.3 -

6/11/48 19.3 12.7 15.6 10.9
6/12/48 16.5 - 14.3 -
6/13/48 . - - -

6/14/48 16.7 8.8 13.6 5.5
6/15/48 16.7 - 13.8 -

6/16/48 16.8 10.0 13.7 7.8

*Average of 4 tests.

Samples were taken after final finishing.

Samples were taken after moisture application immediately before ap-

plication of asphalt emulsion cover.

11

éh he
I
|~ E -
EE; E YT
E- ah g I3
1] INRNE
C
5 ] :
npls H
in g u
N 1] IIII—'—
:
g ] ’
ARt THSTAEIAR I
5 e h } o
4 H HHE T e R e e H H
Figure 13.



32 SOILS

SUMMARY OF TESTS ON SOIL AND SOIL-CEMENT MIXTURES

Sail-Cement Laborstory, F°fm Sheet No 13 PORTLAND CEMENT ASSOCIATION oL — S
Date tests compl 3=9:41 SOIL-CEMENT BUREAU County. Pulaski
GRADATION - per cent of total
SOIL Gravel Sand PHYSICAL ORGANIC USPRA
NUMBER |camed ] No i 120 1075 005 | oo | “0%0r" | vexvumac TEST s | “Som ] Fof | avou
State tas o m of 0
or ¢ on to to to to to to CLASS CONSTANTS p(:ml soi ‘(’lo‘:
Local No 4 Ne 10 [025[005| 0005 | 0.0C0 0000 mortar) | mortar | mortar)
gieve ;1 (20mm) [mm | mm | mm | mm mm LL jPI |SL
[} 0 23 | 14 R lay Leam 30.1.10.).1s 2.66. 137
i ___ Soil mortar only 25. 115 Clag. +Atio inchuded in elay
Plus No 4 mrtenal Absorption by dry weight. 8.9. _-.% Bulk specific gravity.. 2.20.. RESULTS OF TESTS \
TESTS ON MINUS NO 4 MATERIAL Recommended Total __10.0% :
OIS YUREIBENSITY RECAYIONS |~ """ COMPRESSIVE STRENGYRE TTb /ag i s+ """ comont conten, &__ ;‘;:;'“ 10.6% |
Opt moisture Opt denaity, Aiﬂ when tested - days Y aar e H
cpnnlant % b /eu ft Two Seven [ Twenty ght content ¥ Minus # 15 n ;
Cament content by volume - % Coment content by volume - Ib /cu W gd“"""‘/ .t L“I':‘:; Fry 22—
;071887153 O 1 @graa2l 6 T o 6 1 1o & 1 qgiitm .2 110
.._-.Tllo.n'l.15A...a..1m.7m.1...m....‘.‘..zsy.é.l.l AT J“‘zﬁ"’f;.:;r'r%" ........ 38, § jbenen o
ype of motsture-density curve *Cylindrical spocimens
Reguler-torgutex rubmerged in wator 1 hr tetors tasting. o B ot s gavern fied control
DATA FROM SPECIMENS TESTED TWELVE CYCLES IN ASTM WET-DRY AND FREEZE-THAW TESTS
ENT CON DENSITY MOISTURE CON- TOTAL -
E | Chan TENT oy lsouns | Loss gat VOLUME CHANGE N ENT POk Sar | MAX MOITRE
volume. j  oven.dry wt. oren dry w m; e by ‘onjr'u " \ o'l URAT!O! above or bolow
T b Theo b Theo. ob. juma, ry waigh mol volume. ovon-dry wt saturateon, I
reti- | tained et taned, | ot tained, Av ET |FREEZE.; WET.DRY |FREEZE-THAW| weT. | Freeze- | wer | FReeze.
cat Av e Av cal Av ORY | THAW IBius TWinue|  Pivs | Minas | _DRY | THAW | BRY | THAW
Yotal "% 80 | 8.0 {14 ll2.9 1 1551 148 | éa Not -
Minus M g5 | 8.6 1109.7 111121 16,01 15,3 1 66 A Nol 1 Sphcimars Not. iMalded]
Yoal & 09 ! 9.7 11612096 ] 25,31 15.3 | 66
Minus #: 10,5 110.3 1109.9 |107.8 | 15,8 ] 15.8 | 64 a
Total k1.8 j12.5 11,8100 ] 15.01 14.8. | 66 Not
| Minus #4325 (12,3 1102 1208,4 | 15,51 15.3 | 64 Bald a
Total K | }
' Minus §4: H 1
F;:Imuwsmmlmn I .% in percentage poln points above ( ndu & ) noisturo content for saturation
of sosl-cement losses S DA,B of PI, Soil senes

Gezexing) (Gnopmengy (Steady)

Sovl honzon___nB"
Color of morst sonl

PCA Sotl NOw—e e 753 e,
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Ilight. reddish brosn_ .
cnowmmmmuu_mh_ Project . 1dttla Back Streats
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Streat, xept of McAlgont at 8-48°. Represents the.
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Table XVII.

there 1s a tendency for this surplus sur-
face moisture to become distributed full
depth. In this instance, the surface
material probably lost 1 or more percen-
tage points of moisture to underlying
material, see Figures 12 and 13.

Therefore, the decreases of 3 and 4
percentage points of moisture may be
accounted for by allowing 1% percentage
points for cement hydration, 1 percentage
point of moisture for migration and the
remainder of each decrease, (% and 1%
percentage points respectively) may be
assumed as evaporation loss through the
asphalt emulsion.

Similarly, when the optimum moisture
contents for these soils are compared with
the finally obtained and corrected moisture
contents, the differences are quite small.

It 1s, therefore, concluded that the
bituminous emulsion did serve adequately
as amoisture barrier by retaining practi-
cally all of the moisture in the soil-
cement during the 7-day hydration period.

OBSERVATIONS ON ASPHALT EMULSION COVER

Daily inspections showed no penetration
of asphalt into the soil-cement. It was
particularly noted that although there
were occasional small “dry” areas and
small “rock-pull” areas in the surface of
the base filled with loose uncompacted
so1l-cement, there was no penetration by
the asphalt.

The emulsion began to “break’’ within
15 minutes of applicatiog. At the end of
24 hours it remained tacky, but at the
end of 48 hours 1t could be walked upon
with but very little packup. Although no
traffic was permitted on the new work,
is judged there would have been little or
no pickup by automobiles or light trucks
after 48 hours.

From the first day of application the
emulsion adhered firmly to the soil-cement.
It became more firmly attached each day
and on the last day of test 1t was re-
moved only after .considerable work by
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scraping with a knife.

The soil-cement directly beneath the
asphalt had hardened noticeably the day
following construction and the hardness
increased daily. It was particularly
noted that the soil-cement immediately
beneath the bituminous cover was as hard
as the soil-cement at greater depths.
This observation reinforces the conclu-
sion that the asphalt emulsion cover re-
tained sufficient moisture for cement
hydratien.

Where the soil-cement was not covered
with the asphalt emulsion the surface for
a depth of about 1% in. did not harden
satisfactorily. At the end of 7-days
this depth of material could easily be
penetrated and removed with a knife. The
soil-cement below the 1% in. depth was
considerably harder than the surface mat-
erial but 1t was not as hard as the so1l-

GENERAL

The following general conclusions may
be drawn from these four field experiments
on the efficacy of bituminous cover mater-
ial in retaining moisture in soil-cement
for the first seven days following con-
struction. They apply only to the MC-2,
negative Oliensis spot MC-3 and RC-1 cut-
back asphalts and asphalt emulsion used
in the experiments reported unless other-
wise noted.

1. The asphaltic cover materials,
as used on the experimental test sections,
were very efficient in maintaining mois-
ture 1n the soil-cement for the first
seven days following construction.

2. A cover material to prevent mois-
ture evaporation losses from the surface
of the soil-cement 1s essential during
the first days following construction.
Failure to prevent these surface moisture
losses produced an inferior layer of
so1l-cement 1n the surface.

3. Penetration of the soil-cement by
the bituminous cover material placed im-
mediately after completion of surface
finishing resulted 1n a marked lowering
of the hardness and quality of soil-cement

cement 1n the areas covered with the
emulsion, '

CONCLUSIONS

These data show that the asphalt emul-
sion cover material “Bitumuls HCM”, as
used on this project, did efficiently re-
tain the moisture in the soil-cement for
7-days. Further that it adhered satis-
factorily to the soil-cement, it cured out
and lost 1ts tackiness within a reasonable
time and did not penetrate into the soil-
cement. Finally the use of the asphalt
emulsion had no deleterious effect on the
quality of the soi1l-cement.

These tests were conducted by the City
Engineering Department of the City of
Little Rock with J. A. Leadabrand, Soil-
Cement Bureau, Chicago, representing the
Portland Cement Association.

CONCLUSIONS

so penetrated. See item 6 below.

4, Penetration of the soil-cement by
the bituminous cover material materially
reduced the efficiencywith which the bit-
uminous material adhered to the soil-cem-
ent.

5. The asphaltic cover material should
be applied the same day as construction
and as soon after surface finishing 1s
completed as construction conditions will
permit.

6. A tightly knit and even surface
shall be produced 1n final finishing and
the surface moisture in the soil-cement
shall be such as will prevent penetration
of the bituminous material. This surface
moisture condition will vary from the
field optimum moirsture of the completed
so1l-cement to a water saturated surface
condition for the MC-2. This surface
saturation 1s obtained by applying water
from a pressure distributor in sufficient
quantity to produce a water saturated
surface at the time the bituminous mater-
ial 1s applied. The surface moisture
condition will vary from field optimum
moisture for the heavier and faster curing



34 SOILS

bituminous types suchas RC-3, placed dur-
ing the hot summer months, to a water sat-
urated surface condition for the lighter
and slower curing bituminous types such
as SC-1, placed during the cool spring
and fall months.

7. The bituminous cover materials
used on these experimental test sections
adhered firmly to the soil-cement when
applied to a soil-cement surface having
tightly knit surface and a surface mois-
ture conditionwhich prevented penetration
of the bituminous cover materials.

8. It 1s indicated that for soils
generally used on soil-cement construction,
that the surface texture will be such,
after required and proper knitting and
finishing of the surface, that 0.15 to
0.20 gal. per sq.” yd. of bituminous cover
material will produce a suitable bitumin-
ous film. The quantity used should be
sufficient to give complete coverage with
a trace of run-off in places. Coarse,
opened textured soils, suchasan A-3, and
irregular surfaces containing numerous
pockets and equipment tracks will require
more bituminous material to compensate
for the quantities retained in these
pockets and equipment tracks and the
quantities required to fill the open,

surface voids.

9. When traffic must use the soil-cem-
ent before the bituminous material has
volatilized to the point where it 1s no
longer sticky and tacky, the bituminous
cover material must be covered with a
sufficient coating of stone chips or sand
to prevent pickup from traffic. (Exper-
1ences with various types of bituminous
mats and surface treatments indicate that
about 10 lb. per sq. yd. of stone chips
or sand w1ll give sufficient aggregate
cover to prevent pickup.)

10. Properly protected bituminous
cover materials, after suitable curing,
may also serve as the prame and tack coat
material for the final bituminous sur-
face.

11. Data are needed to define desir-
able surface moisture conditions for the
heavier grades of bituminous materials,
commonly identified as tack coat mater-
ials, of the various curing types. Like-
wise, other asphaltic emulsions should be
defined.

12. Similar field test and research
are needed for the various grades of tar
products ranging from light prime mater-
ials to heavy tack materials.
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